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“Headache”—a personal 
interpretation of headache 
pain by John Crowley, a 
headache patient. 
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Effectively treats the pain 
of muscle contraction 
headache as well as the 
anxiety and tension that 
magnify it 
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BRIEF SUMMARY: Please see package insert for full prescribing information. 


Codeine phosphate USP. 30 mg (warning: may be habit forming): butalbital USP. 50 mg [warning: may be habit 
ming], caffeine USP. 40 mg: aspirin USP. 325 mg} 


“CAUTION: Federal law prohibits dispensing without prescription. 


-CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions: 

:. t- Hypersensitivity or intolerance 10 aspirin, caffeine, butalbital or codeine 

Patients with a hemorrhagic diathesis {e g. hemophilia, hypoprothrombinemia, von Willebrand's disease. the 
thrombocytopenias, thrombasthenia and other ill-defined hereditary platelet dysfunctions, severe vitamin K deficiency 
“and severe liver 

3: Patients with the syndrome of nasal polyps, angioedema and bronchaspastic reactivity to aspirin or other nonsteroidal 
: antiinflammatory drugs. Anaphylactoid reactions have occurred in such patients 

1134, Peptic ulcer or other Serious gastrointestinal lesions 

<5. Patients with porphyria 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. ft 

Should be ascertained if the patient is allergic to aspirin, although a specific history of allergy may be lacking 
Significant bab can resul from aspirin therapy n patients with peptic ulcer or other gastrointestinal lesions, 

and in patients with bleeding disorders, 

Aspirin administered pre-operatively may prolong the bleeding time 

In.the presence of head injury or other intracranial lesions. the respiratory depressant effects of codeine and 

other narcotics may be markedly enhanced, as well as thew Capacity for elevating cerebrospinal fluid pressure 

“Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinicai 

Course of patients with head injures 

Codeine or ather narcotics may obscure signs on which to judge the diagnosis or clinical course of patients 

“with-acute abdominal conditions. 

Butalbital and codeine are both habit-torming and potentially abusable. Consequently the extended use of Fionnal® 
“with Codeine is not recommended 

(u Results from epidemiologie studies indicate an association between aspirin and Reye Syndrome Caution should 
°b@-used in administering this product to children, including teenagers, with chicken pox or flu. 


; General: Fiornal® with Codeine should be prescribed with caution for certain special-risk patients 
‘Such as the elderly or debilitated, and those with severe impaiment ol renal or hepatic function, coagulation disorders, 
or head injuries. 
Aspirin should be used with caution in 
defects. 
Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspirin is particularly likely in patients with nasal polyps, and relatively Common in those with asthma 
Information for Patients: Patients should be informed that Fionnal® with Codeine contains aspirin and should 
nof be taken by patients with an aspirin allergy 
Fiorinal® with Codeine may impair the mental and/or physical abilities required for performance of potentially 
hazardous tasks such as driving a car or operating machinery Such tasks should be avoided white taking Fiorinal® 
will eine. 
Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 
Codeine, and should be avoided 
Codeine and butalotal may be habit-forming. Patients should take the drug only for as long as it is prescribed, 
in the amounts prescribed, and no more frequently than prescribed 
iiy; , Laboratory Tests In patents with severe hepatic or renal disease, etfects of therapy should be monitored with 
“serial fiver and/or renal function tests. 
Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase {MAO} inhibitors 
In patients receiving concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and thei withdrawal is followed 
“by return to normal rates of renal clearance 
Fiorinal® with Codeine may enhance the effects of 
1. Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 
from plasma orotein binding sites 
2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, d dosage of Fiorinal® 
with Codeine exceeds maximum recommended daily dosage 
3. 6-mercaptopurine and methotrexate, Causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from secondary binding sites, and, in the case of methotrexate, also feducing its excretion. 
4 blige: antiinflammatory agents, increasing the risk of peptic ulceration and bleeding by contrbuting additwe 
effects. 
§. Other narcotic analgesics, alcohol, 
or other CNS depressants, causing 





patiems on anticoagulant therapy and in patients with underlying hemostatic 


general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnotcs, 
increased CNS depression 
+= Fiorinal® with Codeine may diminish the effects of: Uncosunc agents such as probenecid and sulfinpyrazone 
© teducing their effectiveness in the treatment of gout Aspirin Competes with these agents for protein binding sites. 
Drug/Laboratory Test interactions 
Aspirin: Aspirin may interfere with the following laboratory determinations in blood: serum amylase, fasting blood 
glucose, cholesterol, protein, serum glutamic-oxalacetic transaminase {SGOT}, uric acd, prothrombin time and bleeding 
time. Aspirin may interfere with the followinc laboratory determinations in urine: glucose, S-hydroxyindoleacetic acid, 
Gerhardt ketone, vaniilyimandelic acid [VMA], unc acid, diacetic acid, and spectrophotometric detection of barbiturates 
Codeine: Codeine may increase serum amylase levels, 
inogenesis, Mutagenesis, impairment of Fertility: Adequate long-term studies have been conducted in mice 
and fats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was seen 
No adequate studies have been conducted in animals to determine whether aspirin has a potential tor mutagenesis 
GF impairment of fertility No adequate studies have been conducted in animais to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility 
Usage in Pregnancy 
‘x: Jeratogenic Effects: Pregnancy Category C — Animal feproduction studies have not been conducted with Fiorinal® 
eo owiih ine. Itis also not known whether Fionnal® with Codeine can cause fetal harm when administered to 
i:a pregnant woman or can affect reproduction capacity Fiornal® with Codeine should be given to a pregnant woman 
: +. Only. when clearly needed 
= 7 Nonteratogenic Effects: Although Fionnal® with Codeme was not implicated in the birth detect, a female intant was 
“hom with lissencephaly pachygyna and heterotopic gray matter The infant was born 8 weeks prematurely to a 
iwoman who had taken an average of 90 Fiorinal® with Codeine capsules each month trom the first few days of 
‘i. pregnancy The child's development was midiy delayed and from one year of age she had partial simple motor 
“ SQRUTES, 
Withdrawal seizures were reported in a fwo-day-old male infant whose mother had taken a butalbal-containing 
‘rug during the last 2 months of pregnancy Butalbital was found in the infant's serum, The infant was given phenobarbital 
Smg/kg, which was tapered without further seizure or other withdrawal symptoms 
= Studies of aspirin.use in pregnant women have not shown that aspitin increases the risk of abnormalities when 
“administered during the first trimester of Pregnancy In controlled studies involving 41,337 pregnant women and 
their offspring, there was no evidence that aspirin taken during pregnancy caused stifibirth, neonatal death or reduced 
«birth, weight, Ie controled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect 
Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence ct impaired fertility or harm to the fetus due to codeme 
; Therapeutic doses of aspirin in pregnant women close to lerm may cause bleeding in mother, fetus, or neonate 
During the last 6 months of pregnancy regular use of aspirin in high doses may prolong pregnancy and delivery 
Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
zi- Of neonate, Use of codeine during labor may lead to respiratory depression in the neonate 
+ Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in smalt amounts. but 
‘the significance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug lo the mother 
Pediatric Use: Safety and effectiveness in chidren below the age of 12 have not been established. 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiosinal® with Codeine and not reported al an equivalent incidence by placebo-treated patients were nausea 

~. and/or abdominal pain, drowsiness, and dizziness 
Associated with Treatment Discontinuation: Of the 382 patients treated wih Fiorinal® with Codeine in controlled 
=. -thinical trials, three 10.8%) discontinued treatment with Fiornal® with Codeine because of adverse events. One patient 


`: each discontinued treatment for the following reasons: Gastrointestinal upset, lightheadedness and heavy eyelids; 
~ and drowsiness and generalized tingling. i 1 





























Incidence in Controlled Clinical Trials: The following table sui 
reported by at least 1% of the Fiorinal® with Codeine treated patients in Controlled clinical trials comparing 
with Codeine to placebo, and provides a comparison to the incidence rates reported by the placebo-treated pat 

The prescriber should be aware that these figures cannot be used to predict the incidence of side-effect. 
the course of usual medical practice where patient characteristics and other factors differ from those that preve 
in the clinical trials. Similarly the cited frequencies cannot be compared with figures obtained from other clin 
investigations involving different treatments, uses, and investigators, 


Adverse Events Reported by at Least 1% of Florinal® with Codeine Treated Patients 
During Placebo Controlled Clinical Tals 


$ the incidence rates of the adverse 





nea 
_ Adverse Event eee 
Central Nervous 
Drowsiness 2.4% 0.5% 
Dizziness/Lightheadedness 2.6% 0.5% 
Intoxicated Feeling 1.0% 0% 
Gastrointesti 
Nausea/Abdominat Pan 37% 





Other Adverse Events Reported During Controlled Clinical Trais: The listing that follows represents the proporti 
of the 382 patients exposed to Fiorinal® with Codeme while Participating in the controlled clinical trials who reporte 
on at least one occasion, an adverse event of the type ciled All reported adverse events, except those area 
presented in the previous table, are included. tt is important to emphasize that, although the adverse events reporti 
did occur while the patient was receiving Fionnal® with Codeine, the adverse events were not necessarily caus 
by Fiorinal® with Codeine : 

Adverse events are classified by body system and frequency “Frequent” is defined as an adverse event wi 
‘occurred in at least 1/100 (1%) of the patients, all adverse events listed in the previous table are frequent “intreg 
1s defined as an adverse event that occurred in less than 1/100 patients but at feast 1/1000 patients. All a 
events tabulated below are classified as infrequent 

Central Nervous: headache, shaky feeling, tingling, agitation, fainting, fatigue, Reavy eyelids, high energy, hot Spe 
numbness, and sluggishness. 

Autonomic Nervous: dry mouth and hyperhidrosis. 

Gastrointestinal: vomiting, difficulty swallowing, anc heartburn 

Cardiovascular tachycardia 

Musculoskeletal: leg pain and muscie fatigue 

Genitounnary: diuresis 

Miscellaneous: pruritus, fever, earache, nasal congestion, and tinnitus 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been rece 
since market introduction and that were not repored in clinical tnais by the patients treated with Fiorinal® 
Codeine, are listed below Many or most of these events may have no causal relationship with the drug and 
listed according to body system 

Central Nervous. Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity insomnia, Vite: 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, unca 
sciousness, vertigo 

Autonomic Nervous. epistaxis, flushing, miosis, salvation. 

Gastrointestinal anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastraintestiii: 
spasm, hiccup, mouth burning, pyloric ulcer. 

Cardiovascular. chest pain, hypotensive reaction, palpitations, syncape. 

Skin: erythema, erythema multforme, exfoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficulty 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromy: 
{stomach upset}, edema. 

The following adverse drug events may be bore in mind as potential effects of the components of Fidrin..: 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert ; 
Aspitin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, vausea, f 
ulcer, prolonged bleeding time, acute away obstruction, renal toxicity when taken in high dases for projon 

periods, impaired urate excretion, hepatitis. 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus. 


DRUG ABUSE AND DEPENDENCE: Fiorinalé with Codeine is controlled by the Drug Entorcement Administra: 
and is classified under Schedule fll i 
Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potent 
being abused. Psychological dependence, phys:cal dependence. and tolerance may develop upon 
administration and it should be prescnbed and administered with the same degree of caution appropnate 
use of other oral narcotic medications 

Butalbitat: Barbiturates may be habit forming: Tolerance, psychological dependence, and physical depend! 
May occur especially following prolonged use of high doses of barbiturates. The average daily dose for the barti 
addict is usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the 
level of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. AS 
occurs, the margin between an intoxication dosage and fatal dosage becomes smaller The lethal dose of a barbit 
's far less if alcohol is also ingested. Major withdrawal symptoms (convulsions and delirium} may occur with 
hours and fast up to 5 days after abrupt cessation ot these drugs. Intensity of withdrawal symptoms gradually deci 
Over a period oi approximately 15 days. Treatment of barbiturate dependence consists of cautious and gré 
withdrawal of the drug. Barbiturate-dependent patents can be withdrawn by using a number of diferent witha: 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decre: 
the daily dosage as tolerated by the patient 
OVERDOSAGE: The toxic effects of acute 
fo the barbiturate and codeine components, 
































overdosage of Fiorinal® with Codeine capsules are attributable ti 
and, to a lesser extent, aspirin. Because toxic effects of caffeine t 
in very high dosages only, the possibility of significant caffaine toxicity from Fiorinal® with Codeine overde 
is unlikely 


Signs and Symptoms: Symptoms attributable to acute 
coma, respiratory depression; hypotension: 
acid-base disturbances with development 
hypoprothrombinemua: restlessness; delin 


depression. 
Toxic and Lethal Doses: 
Butalbital: toxic dose 1.0 g (adult); lethal dose 20-50 g 
Aspirin: toxic blood level greater than 30 mg/100 mL; letha! dose 10-30 Qfadult} 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g adult) 
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American Society of Neuroimaging 
14th Annual Meeting 
February 5-10, 1991 

Hilton at Walt Disney World Village 

Orlando, Florida 


The American Society of Neuroimaging is pleased to announce tha 
their 14th Annual Meeting will be held February 5-10, 1991, at 
the Hilton at Walt Disney World Village, Orlando, Florida. 


The major emphasis of the meeting will be on the latest advance 
in the science of neuroimaging. The Education Program is 
designed for the clinical practice of neurology and for 
residents. This includes both basic and advanced programs with 
certification examinations. A special hands-on Transcranial 
Doppler Workshop will be featured. Due to heavy demand, early 


registration for eduational courses is requested. Make plans ni 
to attend. 


MEETING SCHEDULE 
Thursday, February 7, 1991 





Moming 
Basic Ultrasound 8:30- 5:30 Technical Exhibits and Scientific Po 
Applied MRI Physics for Technologists, 6:45. 8:45 Breakfast Seminar: Case Studies in 


Basic Scientists and Physicians Neuroimaging/Chair: |. Polachini 
9:00-12:30 Clinical MRI: Brain 





Basic Ultrasound Afternoon 
Applied MRI Physics for Technologists, 2:00- 6:00 Clinical MRI: Spine 
Basic Scientists and Physicians Evening 
6:00-11:00 Banquet: Cook-Out 
8 Cocktail Reception 
7:00-10:00 Hands-On Workshop: Neurosonology ted February 8, 1991 ; 
ednesday, February 6, 1991 6:45. 8:45 Breakfast Seminar: SPECT & PET/ 
oming | Masdeu 
):30- 8:00 Technical Exhibits and Scientific Posters 9:00-11:00 Advanced Ultrasound 
:45- 8:45 Breakfast Seminar: Laboratory 11:00-12:30 Awards and Business Meeting 
o Management/Chair. J. Toole Afternoon 
1:00-12:30 Advanced Ultrasound 2:00- 6:00 Advanced Topics in Magnetic Reson 
temoon 
:00- 6:00 Clinical MRI: Brain/Co-Chairs |. Polachini, Saturday, February 9, 1991 
Ge A. Carr Moming 
ening 6:45- 7:45 Breakfast Seminar: Magnetic 
00- 8:00 Exhibits & Poster Stand-by/Wine and Encepholography/Chair. W. McKin 
— Cheese Reception 8:00- 1:00 Interventional Neuroimaging/Chairs | 


Prockop, R. Smith j 
Afternoon A 
2:00- 6:00 Certification Examinations 
Sunday, February 10, 1991 
Athletic Events 








CASN and AAN members will automatically receive registration : 
materials. Nonmembers interested in attending the Annual Meeti 
or receiving membership information should contact: : 





American Society of Neuroimaging 
2221 University Ave SE 
Minneapolis, MN 55414 

(612) 378-7240 
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The Neural Substrate of Memory Impairment Demonstrated 
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Jung H. Kim, MD, New Haven, Conn 
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Barry Gordon, MD, PhD, Baltimore, Md 
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e 
-The Downstate Headache Center 
7 presents the 

Third Annual Symposium on 


| Treatment of Headaches 
and Facial Pain 








Sunday, May 5, 1991 
at the Halloran House, New York, NY 





Downstate Headache Center Faculty Guest Faculty 
Ronald Burakoff, DDS Joel Saper, MD 













Baruch Fishman, PhD tomon, MD 
Richard Lechtenberg, MD Seymour Solomon, MD 


Alexander Mauskop, MD 











For more information cal: 718 935-9646 oF write to 
Alexander Mauskop, MD, Director, Downstate Headache Center 
132 Atlantic Avenue, Brooklyn Heights, NY 11201 


This program is approved for 7 CME credits 


The American Academy of Clinical Neurophysiology's 


6th Annual Meeting 


will be held at The Westin Hotel, Boston, Massachusetts 


June 20 - 23, 1991 







President and Founder - Bhagwan T. Shahani, M.D., D. Phil. (Oxon) 


The program includes Special Lectures, 
Symposia, Lunch Sessions and Workshops. 
_ Some featured speakers will be: M. Aminoff, 
__ A Beric, I. Bodis-Wollner, G. Celesia, 

=K Chiappa, G. Comi, J. Desmedt, A. Fisen, 
<- D. Ingram, J. Kimura, G. Kraft, A. Sumner, 
S$. Waxman. 









A one-day Basic Electromyography course 
_ will be held on June 23. Exhibit and 
poster dates are set for June 21 and 22 

with poster presentation date on June 21. 







For membership information, meeting 
details or abstract forms write: 







“Marlene Richard Fairbanks: Massachusetts General Hospital; 
Clinical Neurophysiology Lab: Boston, Massachusetts 02H4 or 
= Fax Tequest for information to 617-726-2019. Tele. 617-726-8736, 








































JAMA's “CME Forum” will provide a new resource 
for physicians seeking continuing medical educa- 
tion opportunities nationwide. Starting in January, 
1991, the “CME Forum” will appear each week in 
JAMA, referenced in the table of contents. 


The “CME Forum” will offer new listings each week 
in a high visibility format for ease of reference. Look 
to JAMA's “CME Forum” for continuing medical edu- 
cation opportunities in your subject of interest, 
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Neuropathy and Bifrontal Contusions 
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MOVEMENT DISORDERS 
_ FOR THE CLINICAL PRACTITIONER 
at the Hotel Jerome, Aspen, Colorado 


August 4—7, 1991 


Featuring: 
Sixteen hours of lectures and videotape demonstrations 
over four days in the Rocky Mountains. 


FACULTY 


























a SOF à ie 
_ STANLEY FAHN, M.D. C. DAVID MARSDEN, D.Sc. JOSEPH JANKOVIC, M.D. 
; H. Houston Merritt Professor & Head Professor of Neurology 
Professor of Neurology Department of Clinical Neurology Baylor College of Medicine » 
Columbia University The National Hospital Houston, Texas 
College of Physicians & Surgeons London, England 






New York, New York 





Physicians: $425; Fellows & Residents in training: $250. 
Tuition fee includes a syllabus, continental breakfasts and refreshments. 


Approved for 16 Credit Hours in Category 1, A.M.A.’s Physician’s Recognition Award. 


Topics (Partial List) 


Chorea, Dystonia, Gait Disorders, Myoclonus, Parkinson’s Disease, Parkinson-Plus Syndromes, 
Psychogenic Movement Disorders, Tardive Dyskinesia Syndromes, Tics, Tremors 










Recreational Activities Available 


Aspen Music Festival, Balloon Rides, Fly-Fishing, Golf, Hiking, 
Horseback Riding, Swimming, Tennis, White-Water Rafting 







Additional Information 
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Magnevist 
gadopentetate 
dimeglumine 46801 mg/mL) 


BRINGS 
SMALL L 
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A CASE FOR Magnevist 


(gacopentetate 
dimeglumine 4901 mg/mL) 


INJECTION 


THE CASE: Four years after a radical mastectomy and chemotherapy treatment 
for breast carcinoma, a 63-year-old female presented with deep vein thrombosis. 
Metastatic spread to the brain had to be ruled out before anticoagulation therapy 


could be initiated. 





CT DID NOT SHOW IT CLEARLY ENOUGH 


Figure 4. Contrast CT scan shows on 
a circumscribed lesion in left 

parasagitial region (arrow), consistent 
with either metastasis or meningioma. 





Figure 2. Contrast CT scan through # 
posterior fossa suggests punctate 5 
area of contrast uptake in the vermis 
(arrow). 


MRI ALONE WAS NOT DIAGNOSTIC 


Figure 3. T2-weighted (TR 2000/TE 80) fa 
image shows area of high signal 
intensity in right frontoparietal 
region (arrow). Differential 
considerations include metastasis, 
small infarct, and demyelination 

The lesion in left parasagittal region, 
seen in Figure 4, is not visualized. 


Figure 4. T2-weighted (TR 2000/TE 80) 
image through posterior fossa shows 
no abnormalities. 








MAGNEVIST’ \ C ON: A CRITICAL STEP 
IN DETECTING BRAIN METASTASES 












parasagi 
in Figure 






high-signal inen 
igure 3 does no 

s finding is consistent 
> smalt-vessel ische 
disease. not with metastatic disease. 














Figure 6. T4-weighted (TR 600/TE 30) 
hanced image taken through 
sterior fossa shows well-delineated 
nin the int t aspect of the 

on was nol clearly 
nenhanced MRI 
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INCREASES DETECTION 

OF INTRACRANIAL LESIONS 
May detect additional and often smaller 
lesions than seen with either contrast- 
enhanced CT or unenhanced T2-weighted 
images"? 


C DETECTION OF ADDITIONAL 
LESIONS MAY ALTER THERAPY 
MAGNEVIST® injection can increase the 
radiologic suspicion of metastatic disease, 
reveal locations more favorable for 
biopsy, prompt the search for a primary 
tumor, and modify therapeutic objectives 
and methods? 


Magnevist 


(gadopentetate 
Aeae 46901 mg/mL. ) 


BETTER mca anes 


IMA 


Please see brief summary of prescribing information for MAGNEVIST® injectio 
on ae page of this adverisemen 
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BRIEF SUMMARY 
INDICATIONS AND USAGE 
MAGNEVIST® injection is indicated for use with magnetic resonance imaging (MRI) in adults 


-< and children (2 years of age and older) to provide contrast enhancement in those intra- 


_@fanial lesions with abnormal vascularity or those thought to cause an abnormality in the 
ico plood-brain barrier, MAGNEVIST® injection has been shown to facilitate visualization of 
"intracranial lesions including but not limited to tumors. 


_-MAGNEVIST® injection is also indicated for use with MRI in adults and children (2 years of 


age- and older) to provide contrast enhancement and facilitate visualization of lesions in 


- o Ane-spine and associated tissues. There is, however, only limited clinical experience in 


children for this indication. 


CONTRAINDICATIONS 
None known. 


“WARNINGS: 

:: The accepted safety considerations and procedures that ore required for magnetic 
fesonance imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement, in addition, deoxygenated sickle erythrocytes have been shown in in vitro 
Studies to align perpendicular to a magnetic field which may result in voso-occlusive 

© @omplications in vivo. The enhancement of magnetic moment by gadopentetate dimeglu- 

“mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® injection in 

patients with sickle cell anemia and other hemogiobinopathies has not been studied. 
Patients with other hemolytic anemias have not been adequately evaluated following 
“administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
> Hypotension may occur in some patients after injection of 

*MAGNEVIST® Injection. In clinical trials two cases were reported 

‘and in addition, there wos one case of a vasovagal reaction and 
“-fw0. cases of pallor with dizziness, sweating and nausec in one 
“and substerno! pain and flushing in the other. These were reported 
_-Within:25 to 85 minutes after injection except for the vasovagal 
faction which was described as mild by the patient and occurred 

* after 61/2 hours. in a study in normal volunteers one subject 

rienced syncope after arising from a sitting position two hours 


verse reactions reported were headache 
majority of headaches were transient and 
of patients experienced an asymptomatic transient 
ions have occurred in less than 1% of the patients. 


JTOICIGTEQ In clinical trials, the most common 
Nd injection-site coldness/localized coldness (4.8%). The 
of mild to moderate severity. In clinical trials, 45% to 30% 
_ tise in serum iron; hypotension and anaphylactoid react 
The safety of MAGNEVIST’ injection in patients with hemolytic disorders has not been studied. 


REFERENCES: 1. Hinshaw DB Jr Hasso AN. Gd-DTPA enhances MRI of central nervous system. Dia 
Im: Runge VM, ed. Enhanced Magnetic Resonance imaging. St. Louis: CV Mosby Company; 1989: 
metastases with intravenous Gd-DTPA. Radiology. 1987:165:619-624. 4. Data-on file, Berlex Laboratories, inc. 
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(8.7%) 


nostic Imaging. 1989;0:90-99, 2. Price AC, Runge VM, Nelson KL. CNS—neoplastic disease. 
9-177. 3. Healy ME, Hesselink JR, Press GA, Middleton MS. increased detection of intracranial 


PREGNANCY CATEGORY C. 


Gadopentetate dimegiumine has been shown to retard development slightly in rats when 
geen in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did nat exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 


There are no adequate and well-controlled studies in pregnant women, MAGNEVIST® 
injection Should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 


C1 labelled peers dimegiumine was administered intravenously to lactating rats 
at a dose of O.S-mmoi/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. Itis not known to what extent MAGNEVIST® 
injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
raed! ond efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS j 
The most commonly noted adverse experience is headache with on incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate severity. in 42.3% of the cases 
it was felt thot the headaches were not related to MAGNEVIST® injection. Injection site 
coldness/localized coldness is the second most common adverse experience of 4.8%. 
Nausea occurs in 3.2% of the patients. 
Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 


a ® The following additional adverse events occur in tess than 1% 
of the patients: 
Body as a Whole: Injection site reo namely, pain, warmth, 
ati 


burning; localized burning sensation, substernat chest pain, fever, 


weakness, generalized coldness, localized edema, tiredness, 
(gadopentetate chest tightness, regional lymphangitis, anaphylactoid reactions 


after administration of the drug. Although the relationship of ji H ) (characterized by cardiovascular, respiratory and cutaneous 
gadopentetate dimegiumine to these events is uncertain, patients dimegiumine 4690) mg mi symptoms). 


‘should be observed for several hours after drug administration. 


“PRECAUTIONS ~ General 
“Diagnostic procedures that involve the use of contrast agents should be carried out under 

«direction of a physician with the prerequisite training and a thorough knowledge of the 
"procedure to be performed. 

(ioin a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
< induce such o seizure. 

_ Since gadopentetate amegumine is cleared from the body by piomerulor fiitration, caution 

- shouid. ba exercised in patients with severely impaired renal function. 

: -<The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or car- 

‘> diovascular reactions or other idiosyncratic reactions should always be considered (see 
_ ADVERSE REACTIONS) especially in those patients with a known clinical hypersensitivity, 

Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 

morphology resulting in a slight degree of extravascular (splenic) hemolysis. in clinical 

trials. 15-30% of the A ponents experienced an asymptomatic transient rise in serum iron. 

Serum: bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
:: generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 

<| were unaffected and liver enzymes were not elevated in these patients. While the effects 
‘of gadopentetate dimegiumine on serum iron and bilirubin have not been associated with 

: -clinical manifestations, the effect of the drug in patients with hepatic disease is not know. 
~and caution is therefore advised, 

When MAGNEVIST® injection is to be injected using plastic disposable syringes, the contrast 

medium should be drawn into the syringe and used immediately. 

<<: dt nondisposable equipment is used, scrupulous care should be taken to prevent residual 
-contamination with traces of cleansing agents. 

"Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 

_gminotions are required, a suitable interval of time between administrations should be 
_ observed to allow for normal clearance of the drug from the body. 


-information for Patients: 
-i Pofients receiving MAGNEVIST® injection should be instructed to: 
~Jinform your physician if you are pregnant or breast feeding. 
2:Inform your physician if you have anemia or any diseases that affect red blood ceils. 


_ © LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
: normalond abnormal liver function (See PRECAUTIONS - General). 


_ CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


-No-animal studies have been performed to evaluate the carcinogenic potential of 
godopentetate dimegiumine. 


< Gadopentetate ls ae did not evoke any evidence of mutagenic potential in the 
"Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
‘using tryplophan-dependent Escherichia coll. Gadopentetate dimegiumine did not induce 
= G: positive response in the (C3H 1071/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
‘hepatocytes at concentrations up to 5000 ug/ml. However, the drug did show some 
: evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg. but did not show any such potential in the mouse and dog micronucieus tests 
à? intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively, 


The results of a reproductive study in rats showed that gadopentetate dimegiumine when 
‘administered In dolly doses of 0.1-2.5 mmol/kg, did no? couse o significant change in the 
: pregnancy Fate in comparison to a control group. However, suppression of body weight gain 
‘and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in mate rats at the 2.5 mmol/kg dose. in female rats a decrease in the number 
> Of corpora lutea at the 0.1 mmol/kg dose ond the suppression of body weight gain and 
food: consumption at the 2.5 mmol/kg dose were observed. 
in o separate experiment, 16 daily intravenous injections were administered to mate rats. 
_ ALG dose of 5 mmol/kg of gadopentelate dimegiumine, spermatogenic call atrophy wos 
“observed. This atrophy was not reversed. within d 16-day observation period following the 
«discontinuation of the-drug. This effect was not observed at a dose of 2.5 mmol/kg. 


Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phiebitis, 
Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation. 
Nervous System; Agitation, thirst, convulsions (including grand mal). 
Respiratory System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cour 
Skir Rash, sweoting, pruritus, urticaria (hives). 
Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation. 
Laborotory: Transient elevation of serum transaminases. 
The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 
Body as a Whole: Back pain, pain, generalized warmth. 
Cardiovascular: Hypertension, tachycardia, migraine, syncope, death related to myocardial 
infarction or other undetermined causes. 
Digestive: Constipation, diarrhea 
Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 
Skin: Facial edema, erythema multiforme, epidermal necrolysis. 
Special Senses: Eye pain, ear pain. 
Date from foreign studies did not reveal any additional adverse experiences, 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
5.12.5 mmol/kg and in rats it is 1045 mmol/kg. The LDso o! intravenously administered 
MAGNEVIST® injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 

The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg {01 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mi per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 













DOSAGE CHART 
Approx Duration of 
injection in 
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To ensure compiete injection of the contrast medium, the orrien shouid be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® injection. 

Parenteral products should be inspected visually for particulate matter and discoloration 
prior fo administration, whenever solution and container permit. 


For full prescribing information, see package insert. 
Caution: Federal Law Prohibits Dispensing Without Prescription. 


©1990, Berlex Laboratories, inc. 

All rights reserved. 
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There Are Many Words To Describe The e Pain. 


STABBING 
PENETRATING 
HARP 






S 
JABBING 
SHOOTING 
UNBEARABLE 
PIERCING 
GRIPPING 
SEARING 





And One For Treating It. 


— Zostrix 


poa 0. 0257 bisa et 





nee 
a to ii ate p ee ae a na ig an 
a topical treatment that alleviates intense pain in most PH 


atients. oe 
-~ Topical Zostrix Works WhereltHurts ~ 






Capsaicin0.025% wiw 


Topical Analgesic 


TARGETED ACTION 

Acts on sensory nerves at site of application by selectively 
depleting substance P, a chemomediator of pain impulses 
along neuropathways. 


EFFECTIVE 

Alleviates the intense pain associated with postherpetic 
neuralgia in most patients. May also benefit patients when 
added to existing systemic drug regimens. 


SAFE 


No known interactions with systemic medications commonly 
prescribed for geriatric patients. 


Topical Zostrix Works Where It Hurts 








PIMENEE Bea 





Zostnx Cream contains capsaicin, 0.025% w/w, in an emollient base containing benzyl 
alcohol, cetyl alcohol. glycery! monostearate, isopropyl myristate, polyoxyethylene stearate 
blend, purified water, sorbitol solution and white petrolatum. Capsaicin is a naturally 
occurring substance derived from plants of the Solanaceae family with the chemical name 
trans-8-methy!-N-vanillyl-6-nonenamide. Capsaicin is a white crystalline powder with a 
molecular weight of 305.4. Itis practically insoluble in water but very soluble in alcohol, ether 
and chloroform. 


ACTION 

Although the precise mechanism of action of capsaicin is not fully understood, current 
evidence suggests that capsaicin renders skin and joints insensitive to pain by depleting 
and preventing reaccumulation of substance P in peripheral sensory neurons. Substance 
P is thought to be the principal chemomediator of pain impulses from the periphery to the 
central nervous system. in addition, substance P has been shown to be released into joint 
ussues and activate inflammatory mediators involved with the pathogenesis of rheumatoid 
arthritis 


INDICATION 

Zostrix is indicated for the temporary relief of peripheral neuralgias such as the pain 
following shingles (herpes zoster). Zostrix is also indicated for the temporary relief of the 
pain associated with rheumatoid arthritis and osteoarthritis. 


WARNINGS 

FOR EXTERNAL USE ONLY. Avoid contact with eyes and broken or irritated skin, Do not 
bandage tightly. If condition worsens, or does not improve after 28 days, discontinue use 
of this product and consult your physician. Keep this and all drugs out of the reach 
of children, in case of accidental ingestion. seek professional assistance or contact a 
Poison Control Center immediately 


DIRECTIONS 

Adults and children 2 years of age and older: Apply Zostrix to affected area 3 to 4 times daily. 
Transient burning may occur upon application, but usually disappears in 72 hours. 
Application schedules of less than 3 to 4 times a day may not provide optimum pain relief 
and the burning sensation may persist. Wash hands immediately after applying 
Zostrix. 


Cream 


HOW SUPPLIED 
1:5 oz tube (NDC 52761-552-45) Store at room temperature. 
3.0 oz tube (NDC 5276 1-552-85) U.S. Patent Nos. 4486450 and 5536404 





Marketed by GENDERM “Corporation 
Northbrook, IL 60062 
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Jan 18-19 


20-26 


31-Feb 2 


Feb 2-3 


2-9 


14-16 
15-17 
15-17 


18-20 


March 7-9 


21-33 
April 10-11 
21-27 
21-27 


22 
May 7-10 
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CALENDAR OF MEETINGS 


Annual! Meeting of the American Academy of Pain Medicine, Clarion Castle Hotel and Resort, Miami 
Beach, Fla. Contact American Academy of Pain Medicine, 5700 Old Orchard Rd, First Floor, Sko- 
kie, IL 60077-1024; (708) 965-277 

18th Annual Meeting of the Southern Clinical Neurological Society, Camino Real Hotel, Cancun, 
Mexico. Contact Millie F. Walden, Executive Secretary, 3425 SW Second Ave, Suite 154, Gaines- 
ville, FL 32607; (904) 373-9765. 

14th annual course, ‘‘Neurology for Nonneurologists,’”” Omni San Diego (Calif) Hotel. Contact Edith 
S. Bookstein, Neurology for Nonneurologists, PO Box 2586, La Jolla, CA 92038; (619) 454-3212. 
Sixth Annual Neuroradiology Review Course, Hyatt Regency, Bethesda, Md. Contact Wendy S. 
Baker, Course Coordinator, Armed Forces Institute of Pathology, Washsington, DC 20306-6000; 
(202) 576-2162. 

Second Annual Clinical Magnetic Resonance Imaging Meeting, Marriott's Mark Resort, Vail, Colo. 
Contact Program Coordinator, Department of Radiology, Program Committee, Box 17241, Tampa, 
FL 33682-7241; (813) 873-2090 or (800) 338-5901. 

“Clinical Neurology for Psychiatrists,” Bahia Mar Resort, Ft Lauderdale, Fia. Contact Office of 
Continuing Medical Education, Albert Einstein College of Medicine / Montefiore Medical Center, 111 
E 210th St, Bronx, NY 10461; (212) 920-6676. 

Annual Meeting of the Western Electroencephalographic Society, Portland Ore. Contact Bonnie 
Becker, Executive Secretary, Good Samaritan Hospital, Suite 400, 1040 NW 22nd Ave, Portland, 
OR 97210; (503) 229-7721. 

Sixth Meeting of The international Study Group of the Pharmacology of Memory Disorders Asso- 
ciated with Aging, Zurich, Switzerland. Contact Professor Richard J. Wurtman, Bldg E25-604, 
Whitaker College, Massachusetts Institute of Technology, Cambridge, MA 02139. 

The 24th Annual Recent Advances in Neurology, San Francisco, Calif. Contact Extended Programs 
in Medical Education, University of California, Room C-124, San Francisco, CA 94143-0742; (415) 
476-4251. 

Fifth International Symposium on Intracranial Hemodynamics: Transcranial Doppler and Cerebral 
Blood Flow and Other Modalities, Hyatt Regency Embarcadero Center, San Francisco, Calif. Con- 
tact Conference Coordinator, Institute of Applied Physiology and Medicine, 701 16th Ave, Seattle, 
WA 98122; (206) 442-7330. 

“The Practicing Physician’s Approach to the Difficult Headache Patient,” Wyndham Hotel, Palm 
Springs, Calif. Contact Ms Idell Applebaum, Diamond Headache Clinic Research and Educational 
Foundation, 5252 N Western Ave, Chicago, iL 60625; (312) 878-5558. 

“Clinical Neurology for Psychiatrists,” Fisherman's Wharf Holiday Inn, San Francisco, Calif. Con- 
tact Office of Continuing Medical Education, Albert Einstein College of Medicine / Montefiore Med- 
ical Center, 111 E 210th St, Bronx, NY 10461; (212) 920-6676. 

“Recent Advances in Geriatric Medicine, New Treatment Options for Old Problems,” The Pan Pa- 
cific Hotel, San Diego, Calif. Contact Cass Jones, Professional Conference Management Inc, 7916 
Convoy Ct, San Diego, CA 92111; (619) 565-9921. 

“Brain Chemistry and Behavior: Advances in Positron Emission Tomography and Single Photon 
Emission Tomography Imaging,” Ba‘timore, Md. Contact Patty Campbell, Program Coordinator, The 
Johns Hopkins Medical Institutions, Office of Continuing Education, 720 Rutland Ave, Baltimore, MD 
21205; (301) 955-3839. 

Fifth Annual Magnetic Resonance Imaging Conference, Marriott's Camelback Inn, Scottsdale, Ariz. 
Contact Kevin King, Education Coordinator, Radiologic Education Center, St Joseph's Hospital and 
Medical Center, 350 West Thomas Rd, Phoenix, AZ 85013; (602) 285-3956. 

24th Latin American Congress of Neurosurgery, Miami, Fla. Contact Sergio Gonzalez-Arias, MD, 
8950 N Kendall Dr, Suite 406, Miami, FL 33176; (305) 271-6159. 

“Spectrum of Developmental Disabilities: Cerebral Palsy: Issues of Early Detection and Interven- 
tion," The Johns Hopkins Medical Institutions, Baltimore, Md. Contact Program Coordinator, The 
Johns Hopkins Medical Institutions, Office of Continuing Education, Turner Bldg, 720 Rutland Ave, 
Baltimore, MD 21205; (301) 955-2959. 

“Recent Advances in Neurology and Neurosurgery,” Scottsdale, AZ. Contact Toby A. Jardine, 
Manager, Administration, Barrow Neurological Institute, 350 W Thomas Rd, Phoenix, AZ 85013; 
(602) 285-3178. 

The Second Annual Postgraduate Electromyography Review Course, lowa City, lowa. Contact 
Deborah L. Hatz, Program Coordinator, University of lowa College of Medicine, lowa City, IA 52242; 
(319) 335-8598. 

43rd Annual Meeting of the American Academy of Neurology, Hynes Convention Center, Boston, 
Mass. Contact American Academy of Neurology, 2221 University Avenue SE, Suite 335, Minne- 
apolis, MN 55414; (612) 623-8115. 

American Academy of Neurology Annual Meeting, Hynes Convention Center, Boston, Mass. Con- 
tact American Academy of Neurology, 2221 University Ave SE, Suite 335, Minneapolis, MN 554 14; 
(612) 623-8115. 

The Annual Meeting of the World Federation of Neurology Research Group on Neuroepidemiology, 
Boston, Mass. Contact Gustavo C. Roman, Chief, Neuroepidemiology Branch, Federal Building, 
Room 714, 7550 Wisconsin Ave, National Institutes of Health, Bethesda, MD 20892; (301) 496- — 
1714. 

Ecuadoran Society of Neurology, Quito, Ecuador. Contact Ecuadoran Society of Neurology; PO Box 
2821, Quito, Ecuador. 
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Instructions for Authors 
Send manuscripts by first-class mail to the Chief Editor, Robert 
J. Joynt, MD, PhD, University of Rochester School of Medicine and 
_ Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manuscripts 
-are received with the understanding that they are not under 
-simultaneous consideration by another publication. Accepted 
manuscripts become the permanent property of the ARCHIVES and 
“may not be published elsewhere without permission from the 
““publisher (AMA). 

In addition, in view of The Copyright Revision Act of 1976, effective 
Jan 1, 1978, transmittal letters to the editor should contain the following 
language: “In consideration of the American Medical Association’s tak- 
ing action in reviewing and editing my submission, the author(s) under- 
: Signed hereby transfers, assigns, or otherwise conveys all copyright own- 
ership to the AMA in the event that such work is published by the AMA.” 
We regret that transmittal letters not containing the foregoing language 
signed by all authors of the submission will necessitate delay in review of 
the manuscript. 

Author Responsibility.—All accepted manuscripts are subject to 
copy editing. The author will receive an edited typescript rather 
than galley proofs for approval. The author is responsible for all 
statements in his work, including changes made by the copy 
editor. 

Designate one author as correspondent and provide his address 
and telephone number. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to which 
requests for reprints should be sent. 

Manuscript Preparation.—Submit three high-quality copies of 
the entire manuscript. The copies will not be returned. The 
authors should keep the original manuscript for submission if 
accepted. The original manuscript (including references, legends, 
and tables) must be typed double-spaced on 21.6 X 27.9-em 











os ~ 8% X 11-in), heavy-duty white bond paper. Ample margins of at 


least 2.5 em (1 in) should be provided. If a word processor is used, do 


2 not justify right-hand margins. 


Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of the 
organization, place, and date on which it was read. 

Style of Writing.—The style of writing should conform to ac- 
ceptable English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 

; Abstract.—Provide an abstract (135-word maximum) of the 
` article, including statements of the problem, method of study, 


results, and conclusions. The abstract replaces the summary. 


References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 

“should not be listed as references. References to journal articles 


oe should include (1) author(s) (list all authors and/or editors up to 


six; if more than six, list the first three and “et al”), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) vol- 
ume number, and (6) inclusive page numbers, in that order. Refer- 
“ences to books should include (1) author(s) (list all authors and/or 
-editors up to six; if more than six, list the first three and “et al”), 
(2) chapter title (if any), (3) editor (if any), (4) title of book, (5) city 
¿of publication, (6) publisher, and (7) year. Volume and edition 
numbers, specific pages, and name of translator should be included 
when appropriate. The author is responsible for the accuracy and com- 
pleteness of the references and for their correct text citation. 
SI Units—Use Système International (SI) measurements 
throughout the manuscript. (See June 1986. issue of the 
ARCHIVES.) 
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Illustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast’ 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain. should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 em (5 X 7 in). 

An experienced medical illustrator should be employed whenev- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 

Legends.—Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 

Photographic Consents.— A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 
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Tables.— Each table should be typed double-spaced, including all 
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ransderm Scép’ 


‘scopolamine 
__ (formerly Transderm-V) 





_ Transdermal Therapeutic System 


: Programmed delivery in vivo of 0.5 mg of 
:-Scopolamine over 3 days 


-BRIEF SUMMARY (FOR FULL PRESCRIBING 


INFORMATION, SEE PACKAGE INSERT) 
INDICATIONS AND USAGE 


Transderm Scôp is indicated for prevention of nausea and 
: vomiting associated with motion sickness in adults. The disc 
“should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scép provides antiemetic pro- 
fection within several hours following application of the disc 
.. behind the ear. in 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
_ controlled motion environment, there was a 75% reduction in 
“the incidence of motion-induced nausea and vomiting. 
“Transderm Scòp provided significantly greater protection than 


that obtained with oral dimenhydrinate. 
CONTRAINDICATIONS 


Transderm Scdp should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 


‘patients with glaucoma. 
WARNINGS 


Transderm Scép should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
“-fequire mental alertness, such as driving a motor vehicle or 


“operating dangerous machinery. 


Potentially alarming idiosyncratic reactions may occur with 


“ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 
General 


Scapolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 

Caution should be exercised when administering an antiemetic 
“orantimuscarinic drug to patients suspected of having 


Sintestinal obstruction. 


~“Transderm Scõp should be used with special caution in the 
¿“elderly or in individuals with impaired metabolic, liver, or kidney 
__ functions, because of the increased likelihood of CNS effects. 


Information for Patients 


. Since. scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
“should be strongly advised to wash their hands thoroughly with 

-Soap and water immediately after handling the disc. 
Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
‘ance symptoms of acute narrow-angle glaucoma (pain in and 
--Yeddening of the eyes accompanied by dilated pupils). 
Patients should be warned against driving a motor vehicie or 
: “Operating dangerous machinery. A patient brochure is available. 


» Drug Interactions 


Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g.. belladonna alkaloids, antihistamines (including 


meclizine), and antidepressants. 


` Carcinogenesis, Mutagenesis, Impairment of Fertility 
No long-term studies in animats have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
‘formed in temale rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. in the highest- 
‘dose group (plasma level approximately 500 times the level 
“achieved in humans using a transdermal system), reduced 


maternal body weights were observed. 
. Pregnancy Category C 


‘Jeratogenic studies were performed in pregnant rats and 
tabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
‘fats. in the rabbits, the highest dose (plasma level approxi- 

" mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 

: “embryotoxic effect. Transderm Scop should be used during 

_ pregnancy only if the anticipated benefit justifies the potential 





-risk to the fetus, 
-Nursing Mothers 


{tis not known whether scopolamine is excreted in human milk. 
- Because many drugs are excreted in human milk, caution 
= should be exercised when Transderm Scop is administered to 


_anursing woman. 
Pediatric Use 


< Children are particularly susceptible to the side effects of 

~ belladonria alkaloids. Transderm Scép-should not be used in 
ehiidren because itis not known whether this system wili 
gase an amount of scopolamine that could. produce serious 









verse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scép is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have aiso been reported on 
infrequent occasions during the use of Transderm Scop: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; contusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 


i 
| 
{ 
i 
i 
l 
} 
l 
| 
| 
| 
i 
| 
| 
H 
i 
i 
| 
l 


Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scōp system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scdp disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

initiation of Therapy: One Transderm Scép disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied an dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 


Federal law prohibits dispensing without prescription. 


CIBA Consumer Pharmaceuticals 
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pergolide&# mesylate 
An added dimension 
in the treatment of 


Parkinson’s disease 


An adjunct to levodopa/carbidopa 
in the management of patients with 


Parkinson’s disease 


The first dopamine agonist indicated for 
Parkinson’s disease with activity at both 

D, and D: receptors 

10 to 1,000 times more potent than bromo- 
criptine on a milligram-per-milligram basis 
Improves patients’ functioning in activities 
of daily living, relieves signs and symptoms, 
and reduces “off” time 

May allow a significant reduction in 
levodopa dosage 

Most common adverse events were dyskinesia, 
nausea, dizziness, and hallucinations 
Hypotension may occur, especially early in 
the course of therapy 

Stepwise titration without regard to meals 


Available in 0.05-mg, 0.25-mg, and 1-mg 
scored tablets 
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Permax’ 


pergolde mesylate 


Briet Summary. Consult the package insert for complete prescribing 
information. 


indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa‘carbidopa in the management of the signs and symptoms of Parkin- 
son's disease 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
nian adjunct was obtained in a multicenter study enrolling 376 patients with 
miig to moderate Parkinson's disease who were intolerant to levodopa’ 
carbidopa as manifested by moderate to severe dyskinesia andor on-off phe- 
nomena On average. the sample of patients evaluated had been on levodopa’ 
carbidopa for 3.9 years (range, two days to 16.8 years) The administration of 
pergolide mesylate permitted 2 5% to 30% reduction in the daily dose of 
levodopa. On average, these patients treated with pergolide mesylate main- 
tained an equivalent of better clinical status than they exnibited at baseline 


Contraindications: Pergolide mesylate is contraindicated m patients who are 
hypersensitive to this drug or other ergot derivatives 


Warnings: Symptomatic Hypotension —in clinical trials. approximatety 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension, 
especially during initial treatment. With gradual dosage titration, tolerance to 
the hypotension usually develops. itis. therefore. important to warn patients of 
the risk. to begin therapy with low doses. and to increase the dosage in care- 
fully adjusted increments over a period of three to tour weeks 

Hailucsnosis —In controlled triais, pergotide mesylate with levodopa caused 
hailucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled: tolerance to this untoward effect was not 
observed 

Fatalities ~in the placedo-controlled trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate. Of the 2,299 patients treated with pergolide mesylate in premarketing 
studies evaluated as of October 1988. 143 died while on the drug or shortly 
atter discontinuing the drug. The patient population under evaluation was 
elderly, iH, and at high risk for death. it seems unlikely that pergolide mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty 

in particular, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set ot signs, symptoms. or laboratory results 
that would suggest that treatment with pergolide caused their deaths. Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over. No 
death (other than a suicide) occurred within the first month of treatment: most 
of the patients who died had been on pergolide for years A relative frequency o! 
the causes of death by organ system are: pulmonary failure/pneumonia, 35% 
cardiovascular. 30%. cancer. 11%. unknown, 8.4%: infection. 3 5%: extrapyra- 
midaj syndrome. 3 5%, stroke, 2.1%, dysphagia, 2 1%: injury. 1 4%. suicide 
1 4%. dehydration, 0 7%: glomeruionephnitis, 0.7% 


Precautions: Genera! —Caution should be exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmias 

in a study Comparing pergohde mesylate and placebo, patients taking 
pergotide mesylate were found to have significantly more episodes of atrial 
premature contractions {APCs} and sinus tachycardia 

The use of pergolide mesylate in patients on levodopa may cause and/ai 
exacerbate preexisting states of contusion and hallucinations (see Warnings) 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
tions and contusion; these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible, even it 
the patientis to remain on levodopa 

The administration of pergolide mesylate to patients receiving levodopa may 
Cause andor exacerbate preexisting dyskinesia 

information for Patients ~Patients and their famihes should be intarmed ot 

the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk ot hypotension (see Warnings) 

Patients should be advised to notify thee physician tf they become pregnant 
or intend ta become pregnant during therapy 
Fanents should be advised to notify ther physician if they are breast feeding 
an infant 

Laboratory Tests --No specific taboratory tests are deemed essential tor the 
management of patients on Permax. Periodic routine evaluation of al! patients 
however. is appropriate 

Drug interactions — Dopamine antagonists. such as the neuroleptics (phe- 
nothiazines. butyraphenones, thioxanthines) or metoclopramide. ordinarily 
should not be administered concurrently with Permax (a dopamine 
agomst). these agents may diminish the effectiveness of Permax 

Because pergolide mesylate is approximately 90% associated with plasma 
proteins. caution should be exercised it pergatide mesylate is coadmmstered 
with other drugs known to affect protein binding 

Carcinogenesis, Mutagenesis, and impairment of Fertuity —A two-year 

Carcinogenicity Study was conducted in mice uong dietary levels ot pergolide 
mesylate equivalent to oral doses of 0 6. 3 7, and 36.4 mg/kg/day in males and 
06,44. and 40.8 mg/kg/day in females. A two-year study im rats was con- 
ducted using dietary levels equivaient to oral doses of O 04. 0 18. and 0 88 
mg'kg/day in males and 0.05. 0.28. and 1 42 mg/kg/day im females The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maurum human oral dose administered in controlled clinical trials (6 mg 
day equivalent to 0 12 mg/kg/day) 

A low imcidence of uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prod- 
ably attributable to the high estrogen/progesterone ratio which would occur in 
rodents as a result of the proiactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk, there are 
no human data to substantiate this conciusion 

Pergolide mesylate was evaluated for mutagenic potentiat in a battery of 
tests that included an Ames bacterial mutation assay. a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells. and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters A weak mutagenic response was noted in the in vitro mammatian 
cell-point-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay. The relevance of these findings to 
humans is unknown. 

Atertility study in male and temale mice showed that fertility was maintained 
at 0.6 and t.7 mg/kg/day but decreased at 5.6 mg/kg/day. Prolactin has been 
reported to be involved in stimulating and maintaining progesterone levels 
required for implantation in mice and, therefore, the impaired fertility at high 
dose may occur because of depressed protactin levels 

Usage in Pregnancy -Pregnancy Category B —Reproduction studies were 
conducted in mice at doses of 5, 16. and $5 mgvkg/day and in rabbits at doses 
af 2. 6. and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in con- 
trolled clinical trials. in these studies. there was no evidence of harmto the fetus 
due to pergolide mesylate. 





Permax™ ipergoiide mesylate. Lilly) 
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There are. however, no adequate and well-controlled studies in pregnant 
women. Among women who received pergolide mesylate for endocrine disor- 
ders in premarketing studies, there were 33 pregnancies that resulted m healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major, two minor}. a Causa! relationship has not been established Because 
human data are limited and because animal reproduction studies are nat 
always predictive of human response. this drug shouid be used during preg- 
nancy only tf clearly needed. 

Nursing Mothers ~1t is not known whether this drug is excreted in human 
milk. The pharmacologic action at pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human miik and 
because of the potential for serious adverse reactions to pergofide mesylate in 
nursing infants. a decision shouid be made whether to discontinue nursing or to 
discontinue the drug. taking into account the importance of the drug to the 
mother. 

Peate Use —Safety and effectrveness in children have not been estab- 
hshed 


Adverse Reactions: Commonly Observed —in premarketing climcal trials, the 
most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence among piacebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
cinations, somnolence, insomnia, digestive complaints. including nausea. 
constipation. diarrhea, dyspepsia; and respiratory system compiaints. inciud- 
img rhinitis 

Associated With Discontinuation of Treatment -Twenty-seven percent 
(27%) of approximately 1,200 patients receiving pergolide mesylate for treat- 
ment of Parkinson s disease in premarketing clinical triais inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
causing discontinuation were related to the nervous system (15 5%), pamarily 
hallucinations (7.8%) and confusion {1 8%) 

Fatalities - See Warnings. 

incidence in Controlled Clinical Tnats ~The tabie that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergalide mesylate who participated in the premarketing controlled clin- 
ical trials Comparing pergolide mesylate with placebo. In a double-blind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on evodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy 

The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
inthe clinical trials. Simularly, the cited frequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments. uses. and investigators. The cited figures, however, do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
drug and nondrug factors to the side-eftect incidence rate in the population 
studied 





Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


Pergolide Mesylate Placebo 
N= 189 N= 187 





Body System’ 
Adverse Event” 


Body as a Whole 
Pain 
Abdominal pain 
Injury. accident 
Headache 
Asthenia 
Chest pain 
Flu syndrome 
Neck pain 
Back pain 
Surgica! procedure 
Chills 
Face edema 
infection 


Postural hypotension 
Vasodilatation 
Paipitation 
Hypotension 
Syncope 
Hypertension 
Arrhythmia 
Myocardial mlarction 


Digestive 
Nausea 
Constipation 
Diarrhea 
Dyspepsia 
Anorexia 
Dry mouth 
Vomiting 

Hemic and Lymphatic 


Anemia 
Metabolic and Nutritional 


Peripheral edema 
Edema 
Weight gaim 
Musculoskeletal 
Arthraigia 
Bursitis 
Myaigia 
Twrtching 
Nervous System 
Dyskinesia 
Dizziness 
Hallucinations 
Dystonia 
Contusion 
Somnolence 
insomma 
Anxiety 
Tremor 
Depression 
Abnormal dreams 
Personality disorder 
Psychosis 
Abnormai gait 
Akathisia 
Extrapyramidal syndrome 
incoordination 
Paresthesia 
Akwnesia 
Hypertona 
Neuralgia 
Speech disorder 
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Permax* ipergolide mesylate, Lilty) 


incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlied Clinical Trial 
Percentage of Patients Reporting 








Body System’ Pergolide Mesylate f 
Adverse Event” N= 189 1 
Respiratory System 

Rhinitis 12.2 

Dyspnea 48 

Epistaxis 16 

Hiccup 14 
Skin and Appendages 

Rash 32 

Sweating 21 
Special Senses 

Abnormai vision 58 

Diplopia 21 

Taste perversion 16 

Eye disorder V4 
Urogenital System 

Urinary frequency 27 

Urinary tract infection 27 

Hematuria 11 





“Events reported by at least 1% of patents receiving pergolide mesylat 
included 


Events Observed During the Premarketing Evaluation of Permax Tt 
tion repons event frequencies evaluated as of October 1988 far adverse 
OcuFring in a groug of approximately 1.800 patients who took multiple d 
pergolide mesylate. The conditions and duration of exposure to pe 
mesylate varied greatly. involving well-controlied studies as well as expe 
in open and uncontrolled clinical settings. in the absence of appropria 
trols in some of the studies, a causal relationship between these ever 
treatment with pergolide mesylate cannot be determined 


The following enumeration by organ system describes events in te 
their relative frequency of reporting in the data base. Events.of major 
importance are also described in the Warnings and Precautions sechor 

The following definitions of frequency are used frequent adverse eve 
defined as those occurring in atieast 1/100 patients: infrequent adverse 
are those occurring in 1/100 to 1/1.006 patients, rare events are those 
ng in fewer than 1/1,000 patients. 

ody as a Whole -- Frequent. headache. asthenia. accidental injury. a 
imail pain, chest pain, back pain, flu syndrome. neck pain. fever: intre 
facial edema, chiiis. enlarged abdomen. malaise, neoplasm, hernia, 
pain. sepsis, cellulitis, moniliasis, abscess, jaw pain, hypothermia: Rare 
abdominal syndrome, LE syndrome 

Cardiovascular System - Frequent. postural hypotension. syncope, 
tension, palpitations. vasadilatations, congestive heart failure, /nfre 
myocardial mtarction tachycardia, heart arrest. abnormal electrocardu 
angina pectons, thrombophlebitis, bradycardia. ventricular extrasy 
cerebrovascular accident. ventricular tachycardia. cerebral ischemia 
hbrliation. vanicose vein, pulmonary embolus. AV BIOCK. $ 
Rare. vasculitis, pulmonary hypertension, pericarditis. migraine, heart 
cerebral hemorrhage 

Digestive System -- Frequent: nausea. vomiting. dyspepsia. darrhe: 
stipation. dry mouth, dysphagia: infrequent flatulence. abnormal iver tt 
tests. increased appetite, salivary gland enlargement, thirst. gastroen 
gastritis. periodontal abscess. intestinal obstruction, nausea and vor 
gingivitis, esophagitis, cholelithiasis, tooth canes, hepatitis, stomach 
melena. hepatomegaly, hematemesis, eructation. Aare. sialadenitis. 
ulcer, pancreatitis, jaundice. glossitis, fecal mcontinence. duodenitis. ı 
cholecystitis, aphthous stomatitis. esophageal ulcer 

Endocrine System --/n/requent. hypothyroidism, adenoma, diabetes 
tus, ADH inappropriate; Rare: endocrine disorder, thyroid adenoma 

Hemic and Lymphatic System -Frequent anemia: Infrequent’ leuko 
lymphadenopathy. leukocytosis, thrombocytopenia, petechia, megalot 
anemia, cyanosis; Rare: purpura. lymphocytosis. eosinophilia, thre 
cythemia. acute lymphoblastic leukemia. polycythemia. splenomegaly 

Metabolic and Nutritional System ~ Frequent. peripheral edema. \ 
loss. weight gain; Infrequent: dehydration. hypokalemia, hypogiycem 
deficiency anemia, hyperglycemia, gout, hypercholesteremia, Rare 
roe imbalance, cachexia, acidosis. hyperuricemia 

juscutoskeletal System -Frequent twitching, myalgia, arthralgia. 
quent: bone pain. tenosynovitis. myositis. bone sarcoma. arthritis 
osteoporosis. muscle atrophy, osteomyelitis 

Nervous System -Frequent dyskinesia. dizziness. hallucinations. i 
ston, somnolence, insomnia. dystonia, paresthesia. depression. at 
tremor. akinesia, extrapyramidal syndrome. abnormal gait. abnormal dr 
incoordination, psychosis, personality disorder, nervousness, choreoa 
sis, amnesia, paranoid reaction. abnormal thinking: infrequent, akathisté 
ropathy. neuralgia, hypertonia, delusion, convulsion, libido incre 
euphoria, emotional lability, libido decreased, vertigo. myoclonus, coma 
thy. paralysis. neurosis, hyperkinesia. ataxia, acute brain syndrome. torti 
meningitis, manic reaction, hypokinesia, hostility, agitation, hypotonia: 
stupor, neuritis. intracranial hypertension. hemipiegia. facial paralysis 
edema, myelitis, hallucinations and confusion after abrupt discontinuati 

Respiratory System — Frequent: rhinitis. dyspnea, pneumonia. phary! 
cough increased, infrequent: epistaxis, tuccup. sinusitis. bronchits 
alteration, hemoptysis. asthma. tung edema. pleural effusion. laryr 
emphysema. apnea, hyperventilation: Aare. pneumothorax, lung tb 
larynx edema, hypoxia, hypoventilation, hemothorax, carcinoma af lung 

Skin and Appendages System Frequent: sweating, rash: infrequen 
discoloration. pruritus, acne, skin ulcer, alopecia, dry skin, Skin carci 
seborrhea, hirsutism, herpes simplex, eczema, fungal dermatitis, h 
zoster. Aare. vesiculobullous rash. subcutaneous nodule, skin nodule 
benign neoplasm, fichenoid dermatitis 

Special Senses System ~ Frequent: diplopia: infrequent: otitis media 
junctivitts, unnitus, deafness, taste perversion. ear pain. eye pain, gaut 
eye hemorrhage, photophobia, visual field detect: Aare blindness, cat. 
retinal detachment, retinal vascular disorder 

Urogenital System —-Frequent: urinary tract infection, urinary trequ 
urinary incontinence, hematuria, dysmenorrhea, infrequent: dysuria, t 
pain. Menorrhagia. impotence, cystitis. urinary retention. abortion, vé 
hemorrhage, vagintis. priapism, kidney caiculus, fibrocystic breast, lact. 
uterine hemorrhage. urolithiasis. salpingitis. pyuria, metrorrhagia. menop 
kidney failure, breast carcinoma, cervical carcinoma: Rare: amenorrhea 
Ger carcinoma, breast engorgement, epididymitis. hypogonadism, leukor 
Hephrasis, pyelonephritis. urethral pam, unicaciduna, withdrawal bleedin 
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Migraine With Vasospasm and 


Delayed Intracerebral Hemorrhage 


To the Editor.—Cole and Aubé’ sug- 
gested that, in severe migraine at- 
tacks, vasospasm may result in is- 
chemic necrosis of intracranial vessel 
walls, leading to a subsequent vessel 
rupture responsible for delayed lobar 
intracerebral hemorrhage, when per- 
fusion pressure is restored. They 
stated that, except migraine, “sub- 
arachnoid hemorrhage, cerebral 
trauma, central nervous system infec- 
tion, drug abuse, toxemia, fibromuscu- 
lar dysplasia, carotid artery dissec- 
tion, and cerebral vasculitis have all 
been associated with the radiographic 
appearance of spasm of the cerebral 
arteries.” Another possible cause for 
vasospasm is cerebral embolism. We 
recently described rupture of the arte- 
rial wall in two cases of cerebral 
embolism.? One patient suffered a 
frontal hematoma. As proposed by 
Villaret et al, arterial spasm may have 
occurred at the time of cerebral embo- 
lism. The morphological expressions 
specific to cerebral vasospasm are un- 
known. Cole and Aubé’ suggested rup- 
ture of the arterial wall, secondary to 
ischemic necrosis. We? have had the 
opportunity to demonstrate such a 


-rupture at the level of an embolic 


occlusion, preventing any substantial 
narrowing of the arterial lumen. The 
resulting local and violent arterial 


-> gpasm lead to rupture of the vessel 


wall: No ischemic necrosis was seen. 


Whatever the underlying mechanism, 
rupture of the arterial wall must be 
considered when intracerebral hemor- 
rhage is associated with any potential 
cause of cerebral vasospasm. 
Yves DE Smet, MD 
JEAN MARIE BrucHer, MD 
Laboratoire de Neuropathologie 
Université Catholique de Louvain 
Av E. Mounier, 52 (ANPG 5260) 
B-1200 Bruxelles, Belgium 


1. Cole AJ, Aubé M. Migraine with vasospasm 


aand. delayed intracerebral hemorrhage. Arch 


Neurol 1990;47:53-56. 
‘2 Brucher JM, De Smet YD, Gonsette RE. 
Rupture of the arterial wall in two cases of recent 


cerebral embolism: morphological expression of 


cerebral vasospasm? J Neurol. 1986;223:267-270. 
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3. Villaret M, Cachera R, Fauvert R. Spasmes 
des artères cérébrales provoqués par l’embolie 
expérimentale du cerveau. C R Soe Biol (Paris). 
1937;125:58-61. 


Migraine and Intracerebral 
Hemorrhage 


To the Editor.—Intracerebral hemor- 
rhage in migrainous patients has only 
rarely been reported.'’ Cole and Aubé’ 
recently described three women with 
lobar intracerebral hemorrhage either 
during or immediately following typi- 
cal migraine attacks. The patients did 
not have evidence of underlying condi- 
tions predisposing to intracerebral 
hemorrhage. The authors suggested 
vasospasm with necrosis of the vessel 
wall followed by sudden reperfusion as 
the cause of rupture of ischemic ves- 
sels, resulting in hemorrhage. Clini- 
cally, they observed that a migraine 
attack associated with bleeding was 
similar to the patient’s usual head- 
aches, but somewhat more severe and 
prolonged. Furthermore, in two pa- 
tients carotidynia was observed. 

We previously described 11 migrain- 
ous patients with intracerebral hem- 
orrhage associated with migraine 
attacks.’ All of the patients were diag- 
nosed by computed tomographic scan 
and studied by carotid angiography, 
cranial magnetic resonance imaging, 
or both. The mean age was 35.8 years 
(range, 19 to 48 years). Nine subjects 
were women, four had a family history 
of migraine. Six subjects suffered clas- 
sic migraine and five common mi- 
graine. In 10 patients we found the 
following predisposing conditions for 
hemorrhage: hypertension in five, vas- 
cular malformations in four, and alco- 
holism in one. In a 31-year-old woman 
with common migraine, who suffered a 
right capsular hemorrhage, we failed 
to find any underlying condition pre- 
disposing to bleeding. In seven pa- 
tients neurologic manifestations due 
to intracerebral bleeding occurred 
more than 10 hours after headache 
started. All the patients presented 
with a headache similar to the previ- 
ous attacks, but strikingly more se- 
vere. 


In conclusion, intracerebral hemor- 
rhage associated with a migrainous 
headache attack is usually associated 
with preexisting vascular anomalies. 
According to Cole and Aube,’ in cases 
without underlying conditions for in- 
tracerebral bleeding, severe vaso- 
spasm causing vessel wall necrosis 
may be a reasonable explanation for 
vascular rupture and hemorrhage dur- 
ing reperfusion. Furthermore, vessels 
previously debilitated by some dis- 
eases, like hypertension or alcoholism, 
may be prone to rupture during vaso- 
motor and ischemic events in mi- 
graine. 

J. VAzQuEezZ-Cruz, MD 

J. ALVAREZ-Sagin, MD 

Department of Neurology 

General Hospital of Vall 
d’Hebron 

Universitat Autonoma de 
Barcelona School of Medicine 

Passeig de la Vall d’Hebron, s/n 

08035 Barcelona, Spain 


1. Fitzsimons RB, Wolfenden WH. Migraine 
coma: meningitic migraine with cerebral oedema 
associated with a new form of autosomal domi- 
nant cerebellar ataxia. Brain. 1985;108:555-577. 

2. Dunning HS. Intracranial and extracranial 
vascular accidents in migraine. Arch Neurol Psy- 
chiatry. 1942;48:396-406. 
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Cerebral infarction and migraine: clinical and ra- 
diologie correlations. Neurology. 1979;29:317-322. 

4, Selby G, Fryer JA. Fatal migraine. Clin Exp 
Neurol. 1984;20:85-92. 

5. Guest IA, Woolf AL. Fatal infarction of 
brain in migraine. B M J. 1964;1:225-226. 

6. Vazquez-Cruz J, Arboix-Damunt A, Marti- 
Fabregas J. Hemorragia cerebral en la migrafia 
complicada: presentación de dos casos. Neurolo- 
gia. 1986;1(suppl 1):74. 

7. Cole AJ, Aubé M. Late-onset migraine with 
intracerebral hemorrhage: a recognizable syn- 
drome. Neurology. 1987;37(suppl 1):238. 

8. Cole AJ, Aubé M. Migraine with vasospasm 
and delayed intracerebral hemorrhage. Arch 
Neurol, 1990;47:53-56. 

9, Vazquez-Craz J, Alvarez-Sabin J, Molins- 
Albanell A, Titus F, Codina A. Hemorragia cère- 
bral en la migraña complicada: estudio de 11 ca- 
sos. Neurologia. 1989;4:157. 


In Reply.—De Smet and Brucher point 
out that two cases of intracerebral 
hemorrhage, both diagnosed at post- 
mortem examination, appear to have 
been the result of arterial rupture fol- 
lowing embolic occlusion. They pro- 
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pose that such rupture may be the 
consequence of local violent vaso- 
< spasm following embolic occlusion. 
While our list of potential causes of 
cerebral vasospasm was not meant to 
be exhaustive, we would emphasize 
that none of our patients had evidence 
of embolic arterial occlusion demon- 
strated by acute angiographic studies. 
Vazquez-Cruz has called our atten- 

tion to his report of 11 patients with 
migraine who suffered intracerebral 
hemorrhage. Nine of those patients 
had hypertension or identified vascu- 
lar malformations, one was an alco- 
holic, and one had no predisposing 
cause. We are unaware of an associa- 
tion between alcoholism and intrace- 
rebral hemorrhage except in the set- 
ting of coagulopathy or direct trauma. 
None the less, none of our patients 
were alcoholics. Migraine is a common 
disorder, and it is likely that a signif- 
icant number of patients who sustain 
intracerebral hemorrhage, from what- 
ever cause, also suffer from migraine. 
The point of our report was to empha- 
size that, in a number of patients 
without other identifiable cause for 
intracerebral hemorrhage, migraine 
itself may be causative. We suspect 
that Dr Vazquez’s last case may fit into 
this group. 

ANDREW J. Cote, MD 

Department of Neuroscience 

The Johns Hopkins 

University School of Medicine 

725 N Wolfe St 

Baltimore, MD 21205 


MICHEL AUBÉ, MD 

Montreal Neurological Institute 
3801 University St 

Montreal, Quebec, Canada H3A 2B4 


Isopropyl Alcohol Intoxication 


To the Editor.—On reading the article 
“Isopropyl Alcohol Intoxication” by 
Rich et al' in the March issue of the 
ARCHIVES, I was struck by the fact that 
in all three of the cases presented there 
was nothing neurologically unique 
about these alcoholic subjects. In case 
1, the sluggish pupils, prominent hor- 
izontal nystagmus, and appendicular 
and gait ataxia associated with periph- 
eral neuropathy suggests Wernicke’s 
encephalopathy.’ No mention is made 
of treatment with thiamine. In case 2, 
the patient had an alcohol-related sei- 
zure and subsequent delirium tremens. 
I am surprised that a computed tomo- 
graphic scan of his brain was not per- 
formed, given his recent head trauma. 
In case 3, the coma is consistent with 
intoxication with isopropyl alcohol, 
which is well described? 

The conclusions about the presenta- 
tion of isopropyl alcohol intoxication 
presenting in two distinct patterns 
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(stupor in a known alcoholic or enceph- 
alopathy in alcoholic subjects who hide 
their addiction) is not warranted. The 
only unique clinical points about iso- 
propyl alcohol are the reflections of its 
metabolic handling. Unlike ethanol, 
ethylene glycol, and methanol, isopro- 
pyl alcohol causes ketosis without 
a significant wide-gap metabolic 
acidosis.’ The emergent care of pa- 
tients who may have ingested isopro- 
pyl alcohol involves support of the air- 
way and attention to ruling out meth- 
anol or ethylene glycol ingestion. Since 
all three cause a widened osmolar gap, 
specific levels of ethanol, methanol, 
and ethylene glycol are necessary in 
order to make a decision about treat- 
ing with an ethanol drip. This is not 
indicated for isopropyl ingestion, but 
is indicated for methanol and ethylene 
glycol. Finally, attention to replace- 
ment of both thiamine and niacin in 
any alcoholic with neurologic findings 
is paramount because the clinical di- 
agnosis of either Wernicke’s encephal- 
opathy or alcoholic pellagra is very 
difficult.** There is very little toxicity 
associated with replacement therapy. 
KEITH WRENN, MD 


601 Elmwood Ave, Box 655 
Rochester, NY 14642 
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47:322-324. 
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3. LaCouture PG, Wason S, Abrams A, Lovejoy 
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Med. 1983:75:680-686. 

4. Lindboe CF, Loberg EM. The frequency of 
brain lesions in alcoholism. J Neurol Sci, 1988; 
88:107-113. 

5. Serdaru M, Hausser-Hauw C, Laplane D, et 
al, The clinical spectrum of alcoholic pellagra en- 
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In Reply.—We agree with Dr Wrenn 
that identification of the specific of- 
fending alcohol is important in man- 
aging patients with acute intoxica- 
tions. One purpose of our report was to 
alert readers to the laboratory find- 
ings in patients with acute isopropyl 
alcohol intoxication, a disorder that we 
believe is common, yet little appreci- 
ated. Unfortunately, many breatha- 
lyzer tests as well as a newly intro- 
duced “saliva alcohol dipstick” 
method' do not distinguish between 
aleohols. We agree with his comments 
about management of the acute intox- 
ications, including generous adminis- 
tration of thiamine in these patients, 
many of whom also abuse ethanol and 
eat sparingly and poorly. 
Among the intoxicant alcohols (eth- 
anol, methanol, isopropyl aleohol, eth- 


ylene glycol) isopropyl alcohol and eth- 





anol are the only ones that are repeat- 
edly and deliberately ingested for 
prolonged periods. The chronic effects 
of isopropyl alcohol are thus impor- 
tant. We are pleased to know that 
Wrenn’s neurological experience in 
emergency medicine is extensive 
enough that he can chide us on the 
neurological uniqueness of our case 1, 
the only patient with chronic isopropyl 
alcohol use. Wrenn thinks the pa- 
tient’s findings are not separable from 
Wernicke’s encephalopathy. During 
the senior author’s (L.R.C.) training at 
the Boston (Mass) City Hospital and 
since, he has seen well over 100 pa- 
tients with Wernicke’s encephalopa- 
thy and is very familiar with the find- 
ings. In Wernicke’s encephalopathy, 
the signs develop rapidly and are not 
due to a direct effect of ethanol or any 
other toxic agent on the nervous sys- 
tem and do not respond quickly to ab- 
stinence. The ocular findings may re- 
spond within hours to days to thia- 
mine, but the other signs resolve more 
slowly or not at all. Our patient had the 
gradual onset of a constellation of 
signs that indicated diffuse cerebral, 
pyramidal tract, and cerebellar dys- 
function that disappeared within 4 
days of stopping isopropyl alcohol in- 
gestion. He had received thiamine at 
the Boston City Hospital 3 weeks be- 
fore and had been eating very well at 
his sister’s house since then. His neu- 
rologic signs indicated subacute iso- 
propyl alcohol toxicity and not Wer- 
nicke’s encephalopathy. No other ex- 
amples of subacute or chronic 
isopropyl alcohol intoxication have 
been reported to our knowledge, but we 
are confident that readers will now be 
able to identify such patients now that 
they are alerted to their presence and 
the findings. 
Louis R. CAPLAN, MD 
NATHANIEL Katz, MD 
RICHARD SCHEIFE, DPHARM 
JAIME Rich, MD 
Department of Neurology 
Tufts University 


750 Washington St 
Boston, MA 02111 


1. Redenberg H, Bennet J, Watson WA. Clini- 
cal utility of a saliva alcohol dipstick estimate of 
serum ethanol concentrations in the emergency 
department. Ann Pharmacother, 1990:24:358-361. 


Seizures After Stroke 


To the Editor.—The study of epilepsy 
in stroke by Kilpatrick et al! probably 
represents the largest study to date of 
a topic that has been largely neglected. 
However, we found the quality of, 
data obtained rather disappointing. 
For instance, surely the authors 
should have strived to obtain complete 
electroencephalographic documenta- 
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tion of these patients, both with and 
without seizures. Conclusions drawn 
from electroencephalograms in the 


iu seizure group only are incomplete 
“without a comparison with the non- 


seizure group, and even in these, only 
26 of 44 patients had had electroen- 
cephalograms. 

Similarly, in the 310 patients with 
cortical infarets who were evaluated, 
118 (38%) had “inadequate investiga- 
tions.” This is a surprisingly large 
number for a prospective study. Surely 
this huge unknown group invalidates 
any conclusions? Also, the authors 
seem to have lost 60 patients (the dif- 


*:.- ference in totals between Tables 1 and 


PA P 

Four of the 44 patients within the 
seizure group had previous epilepsy, 
but we could not find how many in the 
nonseizure group (956 patients) had 
previous seizures. Surely this is a rel- 
evant and critical omission? 

In conclusion, we are disappointed 
by the degree of incompleteness of 
data collection, considering this was a 
prospective study. This criticism ap- 
plies particularly to the nonseizure 
group, which should have acted as a 
large control group for comparison. 
The percentages of patients receiving 
the various investigations is not 
stated. The number that received com- 
puted tomographic scans (90% ) is par- 
ticularly disappointing. Clearly there 
are logistical problems in a large study 
of this kind, but if the quality of data 
collection falls below a certain level 
(only 62% were adequately investi- 
gated and age and sex ratios are not 
included), conclusions may give an un- 
justified sense of accuracy. 

C. Z. Zau, MD 
J. W. Norris, MD 
Stroke Research Unit 
Sunnybrook Medical Centre 
2075 Bayview Ave 
Toronto, Ontario, 

Canada M4N 3M5 


1. Kilpatriek CJ, Davis SM, Tress BM, Rossiter 
SC, Hopper JL, Vandendreisen ML. Epileptic sei- 
zures in acute stroke. Arch Neurol. 1990;47:157- 
160. 


In Reply.—In reply to the letter from 
Zhu and Norris, we wish to make the 
following comments. 

While we would accept that our 
large, prospective, clinical study has 
some limitations, we believe the data 
collected justify the conclusions made. 

This study did not aim to assess the 


ae value of the electroencephalogram in 


predicting the risk of developing sei- 
-omares in acute stroke. Clearly, electro- 
-encephalograms were not obtained 
“from all patients, and we drew no con- 
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clusions from the electroencephalo- 
graphic data collected. 

The sex ratio of patients with sei- 
zures was the same as those without 
seizures (55% male, 45% female), and 
there was no significant difference in 
the mean age of patients with seizures 
(62 + 10 years) and those without sei- 
zures (66 + 15 years). 

Table 2 does not list the pathogene- 
sis of all cortical infarcts but only 
those pathogeneses associated with 
seizures, hence the difference between 
the total number of patients with 
carotid territory cortical infarcts in 
Table 1 and Table 2. 

In this study, 118 (32% ) of 370 corti- 
cal infarcts had unknown pathogene- 
sis due to inadequate investigation. 
These patients had severe neurological 
deficits and no clear clinical signs of 
either a cardioembolic source or large- 
vessel atherosclerosis. It has been the 
practice in our institution not to rou- 
tinely investigate the carotid circula- 
tion in those patients with clinical ev- 
idence of extensive infarction where 
carotid endarterectomy would not be 
contemplated. Overall, 40% of patients 
with cortical infarction were investi- 
gated with either digital subtraction 
angiography or carotid duplex scan- 
ning. As stated in the text, we were 
well aware of the large number of pa- 
tients in whom the pathogenesis was 
unknown, often due to therapeutically 
appropriate but diagnostically inade- 
quate investigation. We were, there- 
fore, very cautious in making conclu- 
sions regarding the pathogenesis of 
cortical infarcts and the development 
of seizures. 

Although we agree that ideally all 
patients with stroke or transient is- 
chemic attacks should have a com- 
puted tomographic scan, in this study 
all patients with seizures had a com- 
puted tomographic scan and the over- 
all computed tomographic scan rate of 
90% is comparable with other stroke 
registries.’ 

We agree that it would be of interest 
to know the number of patients in the 
nonseizure group who had a history of 
epilepsy; however, this study did not 
aim to assess the association between 
cerebrovascular disease and a history 
of epileptic seizures. The history of 
epilepsy in four of the 44 patients with 
seizures complicating stroke was in- 
cluded as a possible precipitating fac- 
tor. 

Às stated by Drs Zhu and Norris, the 
subject of epileptic seizures and acute 
stroke has received relatively little at- 
tention in the literature. Further 
studies to confirm our findings and, in 
particular, to assess the risk of recur- 


rent seizures in these patients with 
acute seizures are needed. ay 
CHRISTINE J. KILPATRICK, MD, FRACP. . 
STEPHEN M. Davis, MD, FRACP- 
Brian M. Tress, MD, FRCR, FRACR 
STEPHEN C. ROSSITER, BAPPLSc 
Joun L. Hopper, MSc, PHD 
MICHELLE L. VANDENDRIESEN, MBBS 
Department of Neurology 
Royal Melbourne Hospital 
Parkville 3050, Victoria, 
Australia 
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Is Radiosurgery Ali That It Appears 
to Be? 


To the Editor.—We were rather 
shocked by the publication entitled 
“Stereotactic Gamma Knife Radiosur- 
gery, Initial North American Experi- 
ence in 207 Patients,” by Lunsford and 
coworkers,' that appeared in the Feb- 
ruary 1990 issue of the ARCHIVES. The 
attractiveness of a painless therapy 
such as radiation appears to have be- 
guiled the authors and editors into 
overlooking the substantiation of as- 
sumptions that were expressed in the 
abstract of this article. 

At the Neurological Institute of New 
York, we have had extensive experi- 
ence in all modes of treatment for ar- 
teriovenous malformations (AVMs), 
including microsurgery, embolization, 
and radiosurgery (linear accelerator). 
Over the past 10 years, we have evalu-. 
ated over 600 patients and have oper-. 
ated on, embolized, and recently car- 
ried out radiosurgery on these pa- 
tients. This experience has allowed us 
to evaluate the characteristics of many . 
AVMs in patients who have come for an 
opinion on therapy, proposed or al- 
ready performed. 

Thus far, less than three of our pa- 
tients per year have had AVMs deemed 
appropriate for radiosurgery on the 
basis of size and inoperability. Given 
our annual experience, it is of concern 
to us that Lunsford and coworkers, us- 
ing their criteria of “inoperability, 
failed surgery, and desire of the pa- 
tient,” have treated approximately 85 
patients with AVMs per year by radio- 
therapy. Included in their group must 
be a large number where the lesions 
exceeded the size criteria for expected 
success, or small and superficial le- 
sions that an experienced surgeon 
could remove with minimal morbidity. 

While all of us are striving to ad- 
vance the treatment of AVM, the im- 
plication that radiosurgery is a safer 
and more effective therapy fails to be- 
confirmed in this article. The datà- 
provided in the body of their article 
does not substantiate their statement 
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<in the abstract that radiosurgery is a 
-therapeutically effective alternative to 

“microsurgical removal of AVMs. Of 
their 113 patients with AVMs, 12 pa- 
tients were followed up for 1 year. Only 
five of these patients showed the AVM 
to be angiographically obliterated, and 
yet their technique is touted as a via- 
ble alternative to microsurgery. Fur- 
thermore, our experience with surgery 
and embolization indicates that it is 
_ fallacious to assume that the “angio- 

< graphic residual” after embolization 
accurately reflects the true boundary 
of the AVM. 

Lastly, it is yet to be shown that an 
effective level of radiotherapy applied 
to an AVM will prove safe in the long 
term. 

BENNETT M. STEIN, MD 

J. P. Monk, MD 

M. B. Sisti, MD 

Neurological Institute of New York 
710 W 168th St 

New York, NY 10032 


1. Lunsford LD, Flickinger J, Coffey RJ. Ste- 
reotactic gamma knife radiosurgery: initial North 
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rok, 1990;47:169-175. 


In Reply.—The response to our publi- 
cation that appeared in the February 
1990 issue of the ARCHIVES is most in- 


teresting. The goal of surgical treat- 


ment of vascular malformations, 
= whether by microsurgery or by radio- 
¿~ -surgery, is the same: total obliteration 
“of an arteriovenous malformation 
~ (AVM) with preservation of neurolog- 
-< ical function, ultimately leading to the 
elimination of the risk of bleeding. The 
relative recent availability of radio- 
„surgical techniques in the United 
States has led to a widespread evalua- 
tion of single-fraction, highly focused 
¿photon irradiation of AVM that is 
deemed unsuitable for conventional 
microsurgical removal. The great risk 


_. in radiosurgery (as opposed to micro- 


z surgery) is that during the treatment 
the patient feels nothing and the doc- 
.. tor sees nothing. No physician team 
: involved in radiosurgery should be be- 
-“guiled by this feature, as the benefits of 
radiosurgery and the risks do not ac- 
‘crue until later. 
_... Dr Stein indicates that in the past 10 
“years, he has evaluated and subse- 
quently “operated on, embolized, and 
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recently carried out radiosurgery” on 
600 patients with AVM. This is a treat- 
ment rate of approximately five pa- 
tients per month. We treated 113 pa- 
tients in a 16-month period, ie, seven 
per month. Between two major ter- 
tiary academic medical centers (the 
University of Pittsburgh [Pa] and Co- 
lumbia University [New York, NY]) 
this difference is probably not statisti- 
cally significant. Because of the known 
size limitations for radiosurgery and 
the availability of competent neuro- 
surgeons, we found that the patient 
population referred to us was already 
preselected by the referring physi- 
cians for small size and/or high risk 
for surgery. It is further important to 
point out that, in order to treat 113 pa- 
tients in the interval reported in our 
article, more than 400 patients with 
AVMs were carefully screened by eval- 
uating both clinical indications and 
radiographic studies. We selected pa- 
tients for radiosurgery if the AVM was 
of suitable size for radiosurgery, and 
microsurgery was felt to be too risky, 
or was refused by the patient. The 
opening of the first North American 
gamma unit at the University of Pitts- 
burgh undoubtedly tapped a store- 
house of diagnosed, but previously un- 
treated, AVM. Our referrals have come 
from neurologists, internists, patients 
themselves, and more than 50 differ- 
ent neurosurgeons. 

All patients are discussed preopera- 
tively at a Combined Arteriovenous 
Malformation Conference that is held 
twice a month at the University of 
Pittsburgh. This conference is at- 
tended by neurological surgeons 
skilled in both microsurgery and ra- 
diosurgery, radiation oncologists, ra- 
diation physicists, and radiologists. 
All patients are evaluated as to what 
modalities will best suit the particular 
patient (no treatment, embolization, 
microsurgery, or radiosurgery alone or 
in combination). 

We expect that as Stein and cowork- 
ers’ experience with radiosurgery in- 
creases, they will find more AVMs 
suitable for radiosurgery. It is also in- 
teresting that Stein and coworkers ex- 
press, on the one hand, concern refer- 
able to the field of radiosurgery while, 
on the other hand, adopt a linear 


accelerator technique, for which the 
least amount of long-term data exists 
as to either safety or efficacy. This is in 
contrast not only to our North Amer- 
ican experience using stereotactic ra- 
diosurgery with the gamma unit, but 
also to the more than 20 years of expe- 
rience accumulated at sites in Europe 
and elsewhere. We completely agree 
that radiosurgery must be thoroughly, 
scientifically, and rigorously evaluated 
in order to determine its role vs the al- 
ternatives of doing nothing or embo- 
lization or microsurgery. Fortunately, 
in the scientific community of the 
United States, this is proceeding rap- 
idly. For example, an International 
Symposium on Radiosurgery was of- 
fered last year in Charlottesville, Va, 
another symposium will be presented 
in June 1990 in Boston, Mass, and the 
University of Pittsburgh will host an 
International Radiosurgical Sympo- 
sium in June 1991. 

The purpose of our article in the AR- 
CHIVES was to bring (to the attention of 
physicians not familiar with radiosur- 
gery) its possible therapeutic potential 
for treatment of AVMs and brain tu- 
mors. Since August 1987, we have 
treated 239 patients with AVM (7.5 pa- 
tients per month); our results parallel 
previous reports, eg, a total AVM oblit- 
eration rate of 72% (defined as com- 
plete disappearance by angiogram 
within 2 years). Perhaps Stein and co- 
workers have read more into our ab- 
stract than was printed: “the results 
were encouraging during the mini- 
mum follow-up period of 6 
months”... “In addition, our initial 
experience further suggests that ste- 
reotactic radiosurgery using the 
gamma unit is a therapeutically effec- 
tive and economically sound alterna- 
tive to microneurosurgical removal of 
selected intracranial tumors and vas- 
cular malformations.” Our data then 
and now support this concept. 

L. DADE LUNSFORD, MD 
JOHN C. FLICKINGER, MD 
RoBERT J. Correy, MD 
Department of Neurological 
Surgery 
University of Pittsburgh 
School of Medicine 
Presbyterian University Hospital 
Room 9402 


230 Lothrup St 
Pittsburgh, PA 15213 
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Editorials 


I1 


+ The Pathogenesis of Dermatomyositis 


(Considerable progress has been 

made in the understanding of der- 
matomyositis. Banker and Victor’ 
characterized childhood dermatomyo- 
sitis as an angiopathy in 1966. Banker 
then identified distinctive capillary en- 
dothelial changes and postulated that 
these were an early and fundamental 
lesion in dermatomyositis.? Subse- 
quently, Carpenter et al’ showed endo- 
» mysial capillary necrosis and signifi- 
cantly reduced capillary numbers rel- 
ative to muscle fiber area, providing 
substantive support for muscle fiber 
atrophy being a sequel of chronic sub- 
lethal ischemia. 





See also p 26. 





In this issue of the ARCHIVES, Kissel 
et al‘ provide still more evidence for 
the primacy of blood-vessel damage as 
an early pathologic feature of dermat- 
omyositis. The report by Kissel et al‘ 
followed up on an earlier study from 


+ the same group, which showed that 


membrane attack complex (MAC) was 
present on musele biopsy in blood ves- 
sels of patients with dermatomyositis. 
The present study used quantitative 
histologic methods, combined with im- 
munofluorescent studies of MAC to 
show that the presence of MAC in cap- 
illaries in certain regions of the muscle 
was coextensive with muscle fiber 
damage. Membrane attack complex 
deposition presumably damaged or oc- 
cluded vessels. This deposition pre- 
ceded the wide array of muscle fiber 
damage that can oceur in derma- 
tomyositis.’ The observations by Kis- 
sel and coworkers also support studies 
that have suggested that inflamma- 
tion follows, rather than precedes, 
muscle damage in dermatomyositis.”* 
‘Both the present and previous 
studies by Kissel’s group are based on 
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studies of the C5b-9 complement MAC. 
Membrane attack complex is the final 
pathway for both the primary comple- 
ment cascade, as well as the alterna- 
tive complement pathway.’ When the 
complement cascade is activated, new 
antigenic sites (neoantigens) are pre- 
sented and these neoantigens can be 
detected by immunofluorescent tech- 
niques applicable to routine frozen 
muscle biopsy sections. Membrane at- 
tack complex has been identified as 
important in connective tissue dis- 
eases such as systemic lupus erythe- 
matosus, and may well contribute, to 
some extent, to phagocytosis of muscle 
fibers in conditions not considered pri- 
marily inflammatory, such as Duch- 
enne’s dystrophy. 

The importance of humoral immu- 
nity as an early and initiating event in 
dermatomyositis was suggested by 
Whitaker and W.K. Engel, who found 
that IgG, IgM, and complement were 
deposited in the walls of the muscle 
capillaries of patients with dermato- 
myositis.’ As in the studies by Kissel 
and coworkers, these changes ap- 
peared within vessels that did not have 
inflammation and appeared normal by 
light microscopy.® 

Membrane attack complex is a crit- 
ical mediator of humoral, immuno- 
logic lysis of cell membranes. The 
studies by Kissel and coworkers cor- 
roborate studies published earlier this 
year by Emslie-Smith and A.G. Engel! 
in which MAC deposition was found in 
blood vessel walls in dermatomyositis. 
These authors, using a lectin marker 
for capillaries, also confirm the earlier 
findings of Carpenter et al’ and Carry 
et al” of a reduced number of capillar- 
ies relative to muscle fiber area. Taken 
together, these recent investigations 
strongly support the thesis that he 
morally mediated damage to bfo 
vessels initiates the angiopathy 


matomyositis affecting both capillar- 
ies and larger blood vessels. Occlusion. 
of larger blood vessels may lead to ac- 
tual infarcts.’ 

If, as the studies by Kissel and co- 
workers suggest, MAC deposition ini-. 
tiates or perpetuates local blood vessel 
damage, the complement cascade 
could have been activated by antibody: 
binding to blood vessels as has previ-— 
ously been reported in dermatomy- . 
ositis.' The MAC-containing capillar- 
ies occur in clusters! This distribu- 
tion of MAC suggests that complement 
activation occurs as the result of a 
pathological process in a larger, more- 
proximal vessel or that a local process. 
in a region of capillaries results in lo- 
cal initiation of the complement cas- 
cade.” Alternatively, an abnormality 
in one of the proteins that regulate 
MAC could be present. The S protein" 
and the complement receptor protein, 
CR-1, have been found to be abnormal. 
in systemic lupus erythematosus, 
where MAC appears to be of patho- 
genic importance. The frequent pres- 
ence of tubuloreticular structures in 
endothelial cells may be relevant to 
MAC deposition.’ i 

What inciting factor or process 
causes antibody deposition and acti-. 
vates the complement cascade? Pres- 
ently, no definite answer exists. Viral. 
infection is a possibility. It has been 
supported by a documented case of in- 
fluenza B virus producing the histo- 
pathologic appearance of derma- 
tomyositis.'’ There is also a recent re- 
port of picornovirus RNA in the muscle ~ 
of patients with dermatomyositis, but 
the localization is to macrophages and 
not the microcirculation.” 

The idiopathic inflammatory myop- 


“ athies | are now sufficiently well under- - 










tood tojustify their classification into 
hree major subgroups as follows: der- 
atomyọs! His, inclusion body myosi- 
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_ tis, and polymyositis.” There is hope 
_. ‘that~the pathogenesis and optimal 

“therapy of each of the trio will be com- 
pletely defined in the foreseeable fu- 
ture. Distinctive clinical features and 
characteristic muscle pathology now 


_ define these disorders. Dermatomyosi- 


tis usually has a virtually pathogno- 
monic skin rash and equally distinc- 
tive changes on nail-fold capillary 
microscopy.” Although the pattern of 
weakness is not specific, the muscle 
pathology of dermatomyositis is patho- 
gnomonic, although there can be 
marked regional variability of the se- 
verity of the changes.” 

First recognized in 1971,” inclusion 
body myositis can often be recognized 
clinically by the relatively frequent 
distinctive distal weakness involving 
anterior tibial and wrist flexor muscles 


and the accompanying severe quadri- 


‘ceps weakness. Later, moderate prox- 
_ imal weakness develops. The distinc- 
== tive light microscopic features of 
rimmed. vacuoles that contain 15- to 
18-nm tubulofilamentous masses de- 
fine inclusion body myositis. 

Idiopathic polymyositis lacks the 
pathognomonic pathological features 
that characterize either dermatomyo- 
sitis or inclusion body myositis, but the 
presence of partial invasion of nonne- 
crotic muscle cells by cytotoxic 
— lymphocytes” and the presence of con- 
“-gpicuous expression of class I major 
- -histocompatibility complex products 
on the surface of practically all muscle 
fibers are quite characteristic fea- 
tures.” Thus, polymyositis, in contrast 
to dermatomyositis, appears to be a 
cell-mediated disease. The clinical and 


: : pathological features of idiopathic pol- 


ymyositis may be indistinguishable 
from other more specific forms of in- 
: flammatory myopathies, such as those 
associated with human immunodefi- 
cieney virus infection, human T-cell 
> -lymphotropic virus 1 infection, toxo- 
..plasmosis, or Lyme disease. 

A number of major questions re- 
main to be clarified with regard to the 

“pathogenesis of dermatomyositis. Of 
course, the most pressing question is 
. ‘the primary etiology, but other issues 
_~ are also important. Why are only skin 
-and muscle (and rarely lung and intes- 
tines) involved? Is there any role for 
«cell-mediated immunity? What host 
factors are important in the response 
toan inciting agent? The importance 
_ » of this latter question is emphasized by 
_ the occurrence of the B8, DR3 histo- 
~ compatibility antigens with increased 
frequency in patients with dermato- 
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myositis, by the occurrence of dermat- 
omyositis in identical twins, and by the 
evidence of specific anti-histidyl anti- 
bodies such as JO-1.% These antibodies 
are implicated in individual variations 
in the course of the illness; JO-1 anti- 
bodies are seen in only 20% of all pa- 
tients with dermatomyositis, but are 
present in the majority of patients 
with interstitial inflammatory lung 
disease complicating dermatomyosi- 
tis.256 

A major goal of studies elucidating 
the pathogenesis of the inflammatory 
myopathies is to suggest new and more 
effective treatment strategies for der- 
matomyositis, inclusion body myosi- 
tis, and polymyositis. Corticosteroids 
and immunosuppressants are the 
mainstay of treatment and are effec- 
tive in virtually all cases of childhood, 
and many cases of adult, dermatomy- 
ositis.” Corticosteroids, often consid- 
ered to have a greater effect on cellular 
rather than humoral immunity, are 
more effective in dermatomyositis or 
polymyositis despite evidence suggest- 
ing that humoral mechanisms are 
more important in dermatomyositis, 
while cellular mechanisms are impli- 
cated in polymyositis and inclusion 
body myositis.: 

Intravascular deposits of circulating 
complexes may mediate vascular dam- 
age. Immunotherapy with monoclonal 
antibody can produce clinical remis- 
sion in other vasculitic disorders.” 
Knowing that vascular damage is an 
early feature in dermatomyositis may 
pave the way for better treatment. 

RoBERT C. Griccs, MD 
Rochester, NY 


GEORGE KARPATI, MD 
Montréal, Québec 
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Editorials 


- Caring for the Uninsured and Underinsured _ 


“here is a consensus among nearly all 
™ neurologists, as well as other 
_ groups of physicians and the general 
- publie, that anation with the resources 
- -of the United States should make basic 

< health care (including neurologic care) 

. available to all citizens. At present, 

< there are approximately 31 to 37 mil- 
‘Hon Americans uninsured, including 
16% ‘of children under the age of 15 
years, even though annual health care 
` expenditures now exceed $600 billion 


7 (or 11% of the gross national 


- product).! As the burden of paying for 
the excellence and excesses of our 
health system increases, the system’s 

dropouts are mainly poor people and 

inner city hospitals. For example, pa- 
~ftient encounters with physicians are 

15% greater for white than for black 

citizens, even though twice as many 

blacks perceive their own health as 
fair or poor’ 

In the spring of 1991, the Journal of 
the American Medical Association and 
the nine specialty journals of the 
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American Medical Association will de- 
vote a portion of a special theme issue 
to “Caring for the Uninsured and 
Underinsured”.) Since the Journal of 
the American Medical Association it- 
self will address the financial aspects 
of care, the ARCHIVES is especially in- 
terested in contributions that reflect 
the authors’ views concerning existing 
barriers to the care provided by neu- 
rologists, and what can be done about 
it. Many neurologists have expressed 
such views informally, and many pro- 
fessional organizations have discussed 
these vital issues. The American Med- 
ical Association is now providing an 
opportunity for groups and individuals 
to speak for the record. The ARCHIVES 
will submit contributions for peer re- 
view for possible publication in the 
“Practice of Neurology” section. 

The astonishing advances in the di- 
agnosis and treatment of many neuro- 
logic disorders during the past 30 years 
create a social imperative for neurolo- 
gists and other physicians to be avail- 











able to serve all people, to help devise | 
ways to improve the health of our na- 
tion’s downtrodden, to work toward 

equity for all groups in society, and to. 
do everything possible to eliminate the | 
morbidity and suffering of neglected 
neurologic disorders—yet without a 
wasteful “shotgun” approach to care 

that. society ean no longer afford. 
Clearly, past successes can create fu- 
ture failures, because so much more | 
can now be done. The national commu- 
nity of neurologists must not let this: 
happen. $ 
MATTHEW MENKEN, MD. 
Somerset, NJ 08873 
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- Original Contributions 


‘The Relationship of Complement-Mediated 
_ Microvasculopathy to the Histologic Features and 
Clinical Duration of Disease in Dermatomyositis 


John T. Kissel, MD; Richard K. Halterman; Kotti W. Rammohan, MD; Jerry R. Mendell, MD 


@ Accumulating evidence indicates that 
a complement-mediated microvasculopa- 
thy may play a pathogenic role in derma- 
tomyositis. In a previous study, we dem- 


-- onstrated neoantigens of the C5b-9 com- 


< plement membrane attack complex in the 

muscle microvasculature of childhood and 

adult cases of dermatomyositis. To further 
< characterize the relationship between the 
= vascular complement deposits and histo- 
logic changes, quantitative histopatho- 
logic analyses were performed on 39 der- 
matomyositis biopsy specimens (26 adult, 
13 children). There was a significant cor- 
¿o relation between the percentage of fasci- 

«cles with fibers having focal myofibrillar 
loss, a change seen early in the evolution 
of ischemic muscle fiber damage, and the 


percentage of fascicles having capillary 


deposits of membrane attack complex. 
“Conversely, in biopsy specimens with a 
‘higher percentage of fascicles with peri- 
- fascicular atrophy, membrane attack com- 

plex deposits were significantly less com- 
mon. A fascicle-by-fascicle analysis sup- 
ported these observations. Patients 
<o whose biopsy specimens were negative 


"for microvascular membrane attack com- 


plex had clinical weakness for a signifi- 


- “gantly longer time than those patients with 


vascular complement deposits. These 
-data support the hypothesis that the com- 

plement-mediated vasculopathy is a pri- 

mary immunopathogenic event in the evolu- 
tion of muscle lesions in dermatomyositis. 
{Arch Neurol. 1991;48:26-30) 


A large number of studies has indi- 
cated that different immuno- 

`= pathogenic mechanisms distinguish 
--¢hildhood and adult dermatomyositis 
from the other idiopathic inflamma- 
tory myopathies.'”? Most evidence sug- 
_- -gests that polymyositis and inclusion 
“body myositis result primarily from 





See also p 21. 





direct cellular-mediated cytotoxic 
mechanisms, while the muscle dam- 
age in dermatomyositis results from a 
complement-mediated microvasculop- 





Aecepted for publication October 3, 1990. 
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`: Neuromuscular Disease, The Ohio State Univer- 
sity, Columbus. 
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athy.*!' In a previous study, we dem- 
onstrated the presence of complement 
C5b-9 membrane attack complex in the 
intramuscular microvasculature of a 
significant proportion of dermatomyo- 
sitis biopsy specimens.'' These mi- 
crovascular deposits of membrane at- 
tack complex appeared to be most 
prominent in zones of muscle with 
features of recent ischemic damage, 
including muscle fibers with punched- 
out or rarefied areas of myofibrils, 
pale-staining necrotic fibers with loss 
of the intermyofibrillar network, and 
wedge-shaped regions of contiguous 
muscle fiber necrosis characteristic of 
infarction.’ In other areas of the 
biopsy specimens, particularly those 
with prominent perifascicular atro- 
phy, a pathognomonic change of der- 
matomyositis, microvascular deposits 
of C5b-9 were scanty. Observations by 
other investigators demonstrating a 
loss of capillaries in the perifascicular 
area? suggested that complement- 
induced lysis might account for the 
decreased numbers of capillaries. Col- 
lectively, these observations led to the 
hypothesis that the earliest pathologic 
event in dermatomyositis is comple- 
ment activation in the microvascula- 
ture followed by ischemic muscle fiber 
damage, leaving behind residual 
changes, including perifascicular atro- 
phy and capillary loss. 

The study presented here was de- 
signed to test this hypothesis. Detailed 
quantitative histopathologic analyses 
were performed on muscle biopsy spec- 
imens from 39 patients with dermato- 
myositis to determine if the vascular 
C5b-9 deposits were related to the his- 
tologic changes observed in dermato- 
myositis of adults and children. In ad- 
dition, membrane attack complex dep- 
osition in the microvasculature was 
compared with the duration of clinical 
disease for each patient. 


METHODS 
Biopsy Material 


Limb muscle biopsy specimens obtained 
for diagnostic purposes from 39 consecutive 
eases of dermatomyositis (26 adults, 13 
children) were studied. The biopsy speci- 
mens were stored at —70°C. Cases fulfilled 
the criteria of Bohan and Peter for 
“definite” dermatomyositis, and patients 
with features of other connective tissue 
disorders (“overlap” syndromes) were ex- 


cluded. All patients underwent biopsy prior 
to institution of immunosuppressive ther- 
apy. The biopsy specimens were stained 
with a battery of histochemical stains, as 
previously described." 


Quantitative Histopathology 


Serial 4- to 6-~m cross-sections from each 
case were stained with modified trichrome 
and hematoxylin-eosin, and for membrane 
attack complex. Immunostaining for mem- 
brane attack complex employed a rabbit 
polyclonal antiserum to neoantigens of hu- 
man C5b-9 and a standard indirect immu- 
noperoxidase method previously reported." 
For each case, the pattern of fascicles was 
outlined with the aid of a drawing tube at- 
tached to a microscope (Leitz Laborlux) 
(Fig 1). The fascicles in this outline were 
then numbered and sequentially examined 
for the following histologic changes: 

1. Fibers with focal myofibrillar loss had 
“punched-out” or focal pale-staining areas 
that were usually central or paracentral in 
location. These fibers did not immunostain 
for membrane attack complex. 

2. Necrotie fibers were pale staining on 
modified trichrome stain with positive im- 
munostaining for neoantigens of mem- 
brane attack complex." 

3. Regenerating fibers were small with 
large, pale nuclei, and a basophilic appear- 
ance on hematoxylin-eosin staining. 

4. Perivascular inflammation consisted 
of at least 10 mononuclear cells surround- 
ing vessels greater than 30 um in diameter 
in the perimysial or epimysial connective 
tissue. 

5. Endomysial inflammation consisted of 
at least five inflammatory cells in the endo- 
mysium surrounding or focally invading 
muscle fibers. 

6. Perifascicular atrophy was defined as 
a row of contiguous small fibers on at least 
two sides of the outermost layer of the fas- 
cicle adjacent to the perimysium. These fi- 
bers often, but not invariably, appeared to 
be regenerating according to the criteria 
outlined above. 

7. Increased endomysial connective tis- 
sue was considered present in an individual 
fascicle if muscle fibers were consistently 
separated by at least 5 um of connective 
tissue. This figure was chosen after review 
of the endomysial thickness surrounding 
2000 individual normal muscle fibers. 

8. Microvascular deposits of membrane 
attack complex consisted of immunoreac- 
tivity confined to the walls of endomysial 
capillaries." 


All histologie determinations were made , 


by two investigators without knowledge of 
elinical information. Hematoxylin-eosin 
and trichrome stains were examined and 
quantitated independently of observations 
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on membrane attack complex immuno- 
staining. 


Clinical Data 


Sufficient clinical information was avail- 
able on 36 of 39 patients (23 adults, 13 chil- 
dren) to determine the duration of muscle 
weakness, pain, and fatigue at the time of 
biopsy. 


Statistical Methods 


Because the data were not normally dis- 
tributed, nonparametric statistical meth- 
ods were employed.’ Data analyses were 
performed for all cases together (both 
childhood and adult), and independently 
for the adult and childhood groups to ex- 
plore the possibility that adult and child- 
hood:cases behaved differently. 

Quantitative Histopathology.—The histo- 
logic data were analyzed in two ways to de- 
termine if there was a correlation between 
vascular membrane attack complex deposi- 
tion and any of the histologic variables 
examined. In the first analysis, the number 
of fascicles with each histologic change (eg, 
perifascicular atrophy, perivascular in- 





flammation) was expressed as a percentage 
of the total number of fascicles examined 
for each patient group. These values were 
then compared with the percentage of all 
fascicles in each group with capillary mem- 
brane attack complex deposits using Ken- 
dall’s tau correlation.” 

In the second analysis, the numbers of 
fascicles with each histologic change and 
capillary membrane attack complex depos- 
its were expressed as a percentage of all 
fascicles with that particular change 
(eg, fascicles with perifascicular atrophy 
and membrane attack complex deposits/ 
total fascicles with perifascicular atro- 
phy X 100% ). Standard errors were calcu- 
lated for each histologic variable and 95% 
confidence intervals were determined. A 
significant difference between the percent- 
ages for each variable at the P < .05 level 
was confirmed if the confidence intervals 
did not overlap. 

Clinical Duration Data.—The duration of 
clinical disease for each patient was ex- 
pressed in weeks. The two-sample Wilcoxon 
rank sum test was then used to compare the 
durations between patients with and with- 
out microvascular membrane attack com- 





Sater enamine aramid 


Fig 1.—Representative low-power view of a typical trichrome-stained adult dermatomyositis bi- 
opsy specimen (left) and the drawing tube representation of the fascicle pattern (right) used for 


the quantitative histopathology studies (X20). 





plex on biopsy for the three patient. 
groups.'?° 5 à 


RESULTS 
Histologic Data 


An average of eight fascicles: was 
studied for each biopsy specimen. 
(mean 7.8 + 2.5; range, 4 to 15). Table 
1 gives the total number of fascicles 
and the number and percentage of fas- 
cicles with each histologic change for’ 
the patient groups. Ten of 13 children. 
and 11 of 26 adults had microvascular 
deposits of membrane attack complex 
in at least one fascicle of the biopsy” 
specimen. As shown in Table 2, there 
was a significant correlation for all the 
cases between the percentage of fasci- 
cles having fibers with areas of focal 
myofibrillar loss and the percentage of 
fascicles having capillary deposits of 
membrane attack complex (correla- 
tion coefficient .569, P = .00001). This 
comparison was also significant for 
adult and childhood cases that were 
analyzed separately. In biopsy speci- 
mens with a higher percentage of fas- 
cicles demonstrating : perifascicular 
atrophy, capillary deposits of mem- 
brane attack complex were signifi- 
cantly less frequent (correlation coef- 
ficient —.492, P = .0002). When the. 
groups were analyzed separately, this 
inverse correlation was definitely sig- 
nificant for the adult cases (P = .003),: 
but only approached significance for 
the childhood cases (P = .056), The’ 
difference in the childhood and adult 
cases reflects the higher frequency of 
deposits of membrane attack complex. 
(10 of 13) in the younger patients, par- 
ticularly at sites independent of areas 
of perifascicular atrophy. This point is 
illustrated in the fascicle-by-fascicle 
analysis (see below) that demon- 
strated that deposits of membrane at- 
tack complex were rare in fascicles 
with well-developed perifascicular at- 
rophy in the childhood cases. 

There was also a significant positive 
correlation between necrotic fibers in 
fascicles and the presence of microvas- 
cular membrane attack complex for 


Table 1.—Primary Data for Each Histologic Variable by Patient Group * 


Group 


Fascicles 


PFA, 
No. (%) 


FML, 
No. (%) 


NEC, 
No. (%) 


REG, 
No. (%) 


PVI, 
No. (%) 


ENI, 
No. (%) 


ICT, 
No. (%) 





Children 


102 


36 (35.2) 


33 (32.4) 


61 (59.8) 


62 (60.8) 


21 (20.6) 


10 (9.8) 


13 (12.7) 





MAC + 





8 (10.9) 


31 (42.5) 


41 (56.2) 


34 (46.6) 


13 (17.8) 


4 (5.5) 





MAC ~ 





Adults 26 


28 (96.6) 


2 (6.9) 


20 (69.0) 


28 (96.6) 


8 (27.6) 


6 (20.7) 


6 (0:0) 
13 (44.8) 





64 (31.5) 


51 (25.1) 


124 (61.1) 


108 (53.2) 


39 (19.2) 





MAC + 11 


4 (4.4) 


41 (45.5) 


69 (76.7) 


52 (57.8) 


12 (13.3) 


33 (16.2) 


20 (76.9) 





9 (40.0) 





MAC ~ 15 


60 (53.1) 


10 (8.8) 


55 (48.7) 


56 (49.6) 


27 (23.9) 


24 (21.2) 


14 (12.2) 
9 (8.0) 





All 39 





MAC+ 


100 (32.8) 


84 (27.5) 


185 (60.6) 


170 (55.7) 


60 (19.7) 


43 (14.1) 


33 (10.8) 





12 (7.4) 


72 (44.2) 


110 (67.5) 


86 (52.8) 


25 (16.3) 


13 (8.0) 





MAC — 18 


88 (62.0) 


12 (8.4) 


75 (52.8) 


84 (59,2) 


35 (24.6) 


30 (21.1) 


1 1 (6.7) 
22 (15.5) 








*MAC indicates membrane attack complex; PFA, perifascicular atrophy; FML, focal myofibrillar loss; NEC, necrotic fibers; REG, regenerating fibers; PVI, perivascular 
inflammation; ENI, endomysial inflammation; and ICT, increased connective tissue. 
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< the adult population and for all pa- 
tients analyzed together (Table 2). 
None of the other histologic variables 
were related to complement deposition 
except for increased connective tissue, 
which showed an inverse relationship 
(P = .011) in the childhood cases. 
Data specifically correlating capil- 
lary deposits of membrane attack com- 
plex and regional histologic changes 
are presented in Fig 2. Fascicles with 
fibers showing focal myofibrillar loss 
(Figs 3 and 4) were significantly more 
likely to have microvascular comple- 
ment deposits than were fascicles with 
perifascicular atrophy (Fig 5) or 
“perivascular inflammation. This ob- 
servation was also valid for both child- 
hood and adult cases that were ana- 
lyzed separately. The degree of capil- 


lary and myofiber — involvement 
differed significantly between fasci- 
cles. In some areas, well-defined cir- 
cumferential capillary immunostain- 
ing was seen, often in association with 
only a few fibers with focal myofibril- 
lar loss (Fig 3). In other fascicles with 
more advanced involvement, the capil- 
lary immunostaining assumed a more 
punctate appearance due to underlying 
capillary necrosis. In these fascicles, 
multiple fibers with focal myofibrillar 
loss were usually encountered (Fig 4). 


Duration Data 


The mean duration of disease and P 
values for the patient groups are pre- 
sented in Table 3. As shown, patients 
whose biopsy specimens were negative 
for capillary membrane attack com- 


Table 2.—Comparison of Fascicle Histologic Changes With Presence of Vascular 
Deposits of Membrane Attack Complex * 


PFA 





Children (n = 13) 


Correlation coefficient —.449 





P value 056 





Adults (n = 26) 
Correlation coefficient —.492 


P value .003 





NS NS 





All (n = 39) 


Correlation coefficient ~—,492 


-016 —.202 —.154 





* For each comparison, the total number of fascicles in each patient group with a given histologic change was 
expressed as a percentage of all fascicles examined in that group. This was then compared with the percentage 
ot fascicles with capillary membrane attack complex in each group. The numbers represent Kendall’s tau cor- 
relation coefficient and corresponding P value tor each comparison. Abbreviations are the same as those used 


in Table 1. NS indicates not significant. 


plex had had clinical disease signifi- 
cantly longer (P = .0006) than those 
patients with membrane attack com- 
plex in the microvasculature. This was 
particularly true for the adult patients 
who were considered separately. In the 
childhood cases, the duration of dis- 
ease in relation to membrane attack 
complex deposits fell just below sta- 
tistical significance (P = .06). This 
might be accounted for by an earlier 
presentation of the childhood cases or 
a greater likelihood of membrane at- 
tack complex deposits throughout the 
duration of the illness, representing 
more homogeneity in the pathogenesis 
of childhood cases compared with 
adult cases. 


COMMENT 


We hypothesized that, in dermato- 
myositis, complement deposition in 
the microvasculature is the earliest 
immunopathologic event that leads to 
capillary damage and muscle ische- 
mia." To test this hypothesis, muscle 
fiber histologic changes were analyzed 
in relation to deposits of membrane 
attack complex in the endomysial cap- 
illaries. Although microvasculature 
complement deposits are frequently 
seen in larger vessels in the perimysial 
connective tissue in both childhood 
and adult cases, these vessels may be 
supplying blood to regions of muscle 
out of the plane of section, and, there- 
fore, were not analyzed in this study. 
An additional methodological consid- 
eration is that for this study the histo- 


Fig 2.—-Comparison of the percentages of fascicles with positive vascular membrane attack complex im- 
munostaining for the adult cases (left), childhood cases (center), and all cases analyzed together (right). 
The percentages on the ordinate represent the numbers of fascicles with each histologic change and cap- 
ilary membrane attack complex deposits divided by the total number of fascicles with each histologic 
change. Bars represent 95% confidence intervals for each change. Lack of overlap between the confidence 
intervals indicates a significant difference between the proportions at the P < .05 level. See text for details. 
Abbreviations for histologic changes are the same as in Table 1. 
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Fig 3.—-Three representative areas from a childhood dermatomyositis 
biopsy specimen immunostained for membrane attack complex. Well- 
detined microvascular deposits are seen in fascicles with fibers having 
focal areas of myofibrillar loss (arrows). In top and bottom parts, necrotic 


muscle fibers also immunostain for membrane attack compiex (top, 
x260; center and bottom, X200). 
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Fig 4.—-Adult dermatomyositis biopsy specimen immunostained for 
complement membrane attack complex. In fascicles with multiple fibers 
having focal myofibrillar loss, intense punctate deposits are seen in the 
capillaries (X125). 





Fig 5.—Two areas (top and bottom) from an adult dermatomyositis bi- 
opsy specimen immunostained for membrane attack complex. The fas- 
cicles with prominent perifascicular atrophy have no microvascular de- 
posits of membrane attack complex anywhere in the fascicle (X 125). 
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Table 3.—Comparison of Disease 
Duration in. Weeks for 
Patient Groups * 










Mean 

















Group No. Durationt Valuet 
Children 13 

MAC + 10 6.7 żŁ 1.3 

MAC- 3 oteo 83 
Aduits 23 

MAC + 10 94+ 2.7 

MAC~ 13 205449 ‘O11 
All 36 

MAC + 20 8.0 + 1.4 0006 





MAC ~ 


“MAC indicates membrane attack complex. 

tDuration is expressed in weeks + SEM. 

{P values were determined using the Wilcoxon 
rank-sums test. 


-logie changes in relation to comple- 
-< ment deposition were analyzed sepa- 
“rately for the biopsy specimen as a 
-- whole, as well as in relation to each in- 
dividual fascicle. The latter analysis 
provided a satisfactory means to cor- 
relate capillary membrane attack 
complex deposits directly with contig- 
uous histologic changes. This type of 
analysis is important in a disease such 
as dermatomyositis, where areas of a 
biopsy specimen may have markedly 
-different histologic changes reflecting 

“Insults occurring at separate times in 
the evolution of the disease. 

Our analysis revealed that mem- 
brane attack complex deposits in the 
_.°microvasculature correlated signifi- 
-cantly with the presence of fibers hav- 

-ing focal areas of myofibrillar loss, a 

histologic change seen early in the 

evolution of ischemic muscle fiber 
damage.?)5 This association was 
true in a fascicle-by-fascicle analysis, 
as well as for the entire specimen. 
Conversely, in fascicles with perifas- 
cicular atrophy, microvascular com- 
plement deposits were significantly 
less common, both in the perifascicu- 
lar areas and in the more central 
regions of the fascicle. Our interpreta- 
tion of these findings is that the asso- 
ciation of microvascular deposits of 
< membrane attack complex with early 
histologic changes of muscle fiber is- 
chemia suggests a primary role for the 
= complement system in the immuno- 
= pathogenesis of the disease. Further 


support for this concept was provided 


inour study by comparing disease du- 
-ration with the muscle biopsy findings. 
- Microvascular complement deposits 
were significantly more common if the 
time interval between the onset of 
symptoms and muscle biopsy specimen 
: examination was shorter. Independent 
-x histologie observations. support this 
point of view. Recent studies by De- 
_. Nisser et al” and Emslie-Smith and 
“Engel” demonstrated that capillary 


30 Arch Neurol—Vol 48, January 1991 


deposits of membrane attack complex 
and reduced capillary density actually 
preceded muscle fiber damage in unaf- 
fected or minimally affected regions of 
muscle in adult patients with dermat- 
omyositis. 

Although our findings provide 
strong evidence that complement de- 
posits occur early in the disease pro- 
cess, the results also raise the question 
of whether humoral immune mecha- 
nisms, specifically the complement 
system, represent a singular patho- 
genic mechanism in this disease. The 
findings of other investigators, espe- 
cially in adult cases, support a possible 
transition or collaboration with other 
immune mechanisms. For example, in 
studies by Arahata and Engel,’ the 
mononuclear cell subsets in dermato- 
myositis demonstrated a significant 
percentage of CD8*/cytotoxic T cells 
and macrophages in addition to B cells 
and CD4*/helper T cells, raising the 
possibility of cellular-mediated mus- 
cle fiber damage. These findings are of 
interest in light of studies demonstrat- 
ing class I major histocompatibility 
complex gene products on muscle fi- 
bers from cases of dermatomyosi- 
tis.” Such expression of class I anti- 
gens would be a necessary prerequisite 
for direct cytotoxic T-cell damage in 
dermatomyositis. These findings could 
be relevant in some cases of dermato- 
myositis where a clinically prolonged 
and more severe course is associated 
with marked perifascicular atrophy 
and absence of microvascular comple- 
ment deposits on biopsy. 

In summary, the clinical and histo- 
logic data presented here strongly sup- 
port the concept that complement ac- 
tivation occurs as a primary immuno- 
pathogenic event in the evolution of 
muscle lesions in dermatomyositis. 
The variability in complement depos- 
its in the muscle tissue of patients with 
dermatomyositis appears to depend on 
the area of muscle sampled, 72 as 
well as the time of muscle biopsy in 
relation to the evolution of the disease 
process. The data also suggest that 
complement may not be the only patho- 
genically significant immune mech- 
anism throughout the entire course of 
the disease. Further understanding 
and definition of these immune mech- 
anisms in dermatomyositis will be im- 
portant in devising better treatment 
strategies for the future. 

This study was supported by a grant from the 
Muscular Dystrophy Asseciation, New York, NY. 
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Early Combination of Selegiline and Low-Dose Levodopa as 
` Initial Symptomatic Therapy in Parkinson’s Disease 


T. S, Elizan, MD; D. A. Moros, MD; M. D. Yahr, MD 


@ Thirty-eight patients newly diagnosed 
as having Parkinson’s disease (mean age, 
57.3 years; mean Parkinson’s disease du- 


_fation, 2.7 years) in the earlier phase of the 
< disease (mean Hoehn/ Yahr stage, 2; mean 

-motor scores, 11.4) were given selegiline 
: (Depreny!), 10 mg daily, and maintained on 


this drug alone until significant clinical 
worsening warranted the addition of low- 
dose levodopa (Sinemet, 25/100 three to 
four doses per day). Five of these patients 
were not yet receiving additional levodopa 
despite some worsening of motor scores. 
Of the 33 patients now taking combined 
therapy, seven have been followed up for 
6 months or less. Twenty-four (92%) of the 
26 patients taking combined therapy for a 
mean of 26 months (8.5 to 99 months) who 
have had Parkinson’s disease for 6 years 
showed a dramatic improvement in their 
parkinsonism shortly after the addition of 
levodopa, with significant decreases in 
their rated motor scores, such improve- 
ment being maintained at their latest neu- 
rologic evaluation. Eighteen (75%) of 
these 24 patients responded to the com- 
bined selegiline/levodopa therapy with 
degrees of improvement equa! to or 
greater than 50%, compared with their 
motor status at the start of combined 
therapy just before the addition of 
levodopa. This degree of “reversal” of 
parkinsonism on addition of levodopa 


. (mean carbidopa/levodopa dose, 98/389 
“mg) was not observed in any of these same 


patients receiving selegiline alone for an 


Qelegiline (L-Deprenyl), an amphet- 

amine-derived, potent, irreversible 
inhibitor of the enzyme monoamine 
oxidase type B, has been under inves- 
tigation since 1975 as an agent that 
may arrest or slow the natural pro- 
gression of Parkinson’s disease (PD).' 
Although originally designed as an 
antidepressant, the drug’s pharmaco- 
logie features*’ have led to its use as an 
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average of 13.8 months. Four patients 
taking combined therapy developed mild, 
transient, abnormal involuntary move- 
ments, and end-of-dose pattern of re- 
sponse after more than 2 years of com- 
bined therapy (24.75 and 33.5 months, re- 
spectively). Our results on combined 
selegiline /levodopa therapy reemphasize 
the continuing dominant role of levodopa 
as the primary drug for the symptomatic 
treatment of Parkinson’s disease. A pos- 
sible synergistic role of selegiline with 
levodopa in the early cases is suggested 
by the sustained therapeutic effective- 
ness of even low doses of the latter for a 
period of 26 months, with a delay in the 
appearance of relatively minor side ef- 
fects developing only after more than 2 
years of combined therapy. At an average 
disease duration of 6 years, no patient has 
had a major functional disability. A con- 
currently studied contro! group of patients 
treated with low-dose levodopa alone, or 
one treated with a combination of low- 
dose levodopa and a dopamine agonist 
like bromocriptine or pergolide, may have 
clarified further the role of selegiline, but 
such control subjects were not available to 
us at this time. We suggest the early com- 
bination of a selective monoamine oxidase 
type B inhibitor like selegiline, and the 
original dopamine replacement drug, 
levodopa (as low-dose Sinemet), as initial! 
symptomatic therapy in newly diagnosed 
cases of Parkinson’s disease. 
(Arch Neurol. 1991;48:3 1-34) 


adjunctive agent to levodopa, as re- 
cently reviewed.*» Briefly, the current 
underlying rationale for its use is 
based on two kinds of observations: (1) 
monoamine oxidase inhibitors, includ- 
ing selegiline, prevent the biological 
(toxic) effect of 1-methyl-4-pheny]-1, 2, 
3, 6-tetrahydropyridine (MPTP) on 
dopamine neurons in experimental ani- 
mals**; (2) during catabolism of dopa- 
mine by monoamine oxidase, a poten- 
tial cellular oxidant, hydrogen perox- 
ide, is formed, and selegiline appears 
to suppress such an oxidative stress 
associated with increased dopamine 
turnover in animal models. Jn- 
creased dopamine turnover that inev- 


Experience in 26 Patients Receiving Combined Therapy for 26 Months 


itably occurs in PD may be viewed as 
a potential source of an oxidant stress. 
This protective role of selegiline in ex- 
perimental systems would be most rel- 
evant if indeed idiopathic PD in manis 
caused by a toxin (endogenous or ex- 
ogenous), for which no definitive evi- 
dence, as yet, exists. 

We recently presented our clinical 
experience with selegiline on 22 de 
novo patients with early PD," and as 
an adjunct to long-term conventional 
levodopa (Sinemet) therapy in 200 pa- 
tients with advanced PD. Selegiline by 
itself does not halt the clinical pro- 
gression even in early PD," but may 
apparently delay the onset of func- 
tional disability compared with the 
course of early, otherwise untreated, 
control subjects. When given much 
later in the course of the disease as an 
adjunct to long-term levodopa ther- 
apy, selegiline mildly improved the 
parkinsonian state for a limited time 
in a selected group of patients experi- 
encing an end-of-dose pattern of re- 
sponse to levodopa.’ 

In following the course of our de 
novo patients taking selegiline alone,” 
we were impressed with the observa- 
tion that almost immediately (within 
weeks) after the addition of a starting 
minimal dose of levodopa, the wors- 
ening parkinsonism dramatically 
improved, such improvement being 
maintained. Additionally, we know 
from our extensive experience with 
levodopa since 1968, that an optimal. 
levodopa dose is generally reached 
within the first year of treatment. This 
article focuses on our experience with 
the early combination of selegiline and 
low-dose levodopa as initial symptom- 
atic therapy in early PD. 


PATIENTS AND METHODS 


Patients registered at the Mount Sinai 
Parkinson’s Center (New York, NY) with 
newly diagnosed PD in its early phase, and 
who had not had previous selegiline or. 
levodopa therapy, agreed to participate in 
this study, and signed informed consent 
forms approved by Mount Sinai’s institu- 
tional review board on human studies. To 
date, 38 patients have chosen to be involved: 
All had a complete. neurologic evaluation 
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just before entering the study, and their 
parkinsonian state was rated by two neu- 
rologists. at regular intervals using Mount 
Sinai Center’s functional staging of disease 
severity (stages I through V) and rated mo- 
tor disability scores (25 items, rated 0 to 4). 
Twenty-one of these patients were in the 
original group of 22 de novo patients tried 
on selegiline alone, whose treatment results 
we recently presented." These patients re- 
ceived selegiline, 5 mg twice a day, and no 
other therapeutic agents, until such time as 
their condition showed functionally signif- 
icant progression, determined by more than 
25% deterioration in their parkinsonian- 
rated examination and/or advancement to 
a more severe functional stage of the dis- 
ease. At such time, the patient was offered 
the opportunity of having levodopa 
(Sinemet) added, which was usually begun 
at a minimum dosage (25/100, two to three 
doses per day) and titrated to achieve opti- 
mal antiparkinsonian effect. Nine other de 
novo patients were similarly treated with 
selegiline and given additional levodopa 
when worsening functional deficits when 
receiving selegiline alone warranted such 
addition. In an additional eight de novo pa- 
tients treatment was started almost simul- 
taneously with both selegiline and levodopa 
within days of one drug and the other, 
without waiting for any further change in 
the course of the disease while receiving one 
drug alone. 

At the start of the trial, these 38 patients 
had a mean age of 57.3 years, mean PD du- 
ration of 2.7 years, mean Hoehn/Yahr stage 
of 2.0, and mean motor scores of 11.4. At 
their latest neurologic evaluation, five of 
these patients receiving selegiline alone for 
an average of 25.6 months, had not yet 
elected to take additional levodopa, despite 
some worsening of their motor scores. 
Seven patients have been given combined 
selegiline/levodopa therapy for 6 months or 
less. The remaining 26 patients who have 
been receiving combined therapy for more 
than 6 months (mean of 26 months) consti- 
tute the subject of this article. 


RESULTS 


Table 1 shows the demographics of 
this patient population. At the start 
of their combined selegiline/levodopa 
therapy, just before the addition of 
levodopa, these 26 patients had been 
receiving selegiline alone for an aver- 
age of 13.8 months. At the time of their 
latest neurologic evaluation, 62% of 
these patients had been taking com- 
bined therapy for 8 to 24 months, and 
-- 88% for over 2 to 5 years (average du- 

ration of 26 months). At this time, they 

had had PD for an average of 6 years 

and were given an average Sinemet 

dose of 98 mg, carbidopa, and 389 mg of 
- levodopa. The maintenance dose of se- 

legiline, 10 mg a day, was unchanged 

from that previous to the addition of 
- levodopa. 

Table 2 shows the disease stage and 
parkinsonian motor scores of each of 
these 26 patients at the start of the 
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Table 1.—Patients With Idiopathic Parkinson's Disease (PD) Receiving Early Combined 
Selegiline /Levodopa Therapy for Over 6 Months* 


Age at PD onset (y) 


(41-78) 





PD duration at start of therapy (y) 


(1-8) 





PD duration at latest examination on 
combined therapy ty} 


(3, 1-11.25) 





Total duration on combined therapy (mo) 
16 (62%) >6 to 24 mo 
10 (38%) >24 to >60 mo 


(8.5-99.0) 





Sinemet dose at latest examination on 
combined therapy 


98 mg carbidopa (50.0-225 mg) 
389 mg levodopa (100-900 mg) 








Selegiline maintenance dose on combined therapy 


*N = 26; 16 men and 10 women. 


10 mg 





Table 2.—Patients Taking Early Combined Selegiline /Levodopa Therapy 
for Over 6 Months* 


Stage/Scores at 
Start of Combined 
Patient 


Seiegiline/Levodopa Therapy 


Stage/ Scores at Latest Neurologic 
Evaluation Over 6 mo From Start of 
Combined Selegiline /Levodopa Therapy 





W/25.5 


H7 10.5 





W/22.0 


111.0 





ii? 16.0 


174.5 





H/ 15.5 


h 14.5 





H 17.0 


173.5 





W/ 17.5 


176.0 





/15.5 


"/3.0 





i/ 19.0 
H7 15.0 
/17.0 


1/3.0 
1/6.0 
W/1.5 











/27.0 


1N/ 39.5 





H 18.0 
H? 14.0 
1/13.0 
/22.0 
Wi/ 19.0 


W/15.0 














/8.0 
720.0 





W/5.5 





1/26.0 


i/ 18.0 





W 14.0 


0/0 





W/ 18.0 


1/8.0 





/ 14.0 


117.0 





7412.0 


"W/6.5 





W/17.5 


/4.6 





/ 15.0 


112.5 





1722.0 





*N = 26 patients. 


1/9.0 


+Patients were started almost simultaneously on selegiline/levodopa therapy. 


combined selegiline/levodopa therapy, 
and at their latest neurologic evalua- 
tion. In the eight patients marked with 
asterisks treatment was begun almost 
simultaneously with both drugs. The 
most striking “reversal” of parkinson- 
ism occurred in two of these patients 
(patients 19 and 25), with almost nor- 
mal motor status after over 24 years 
(32 months) of receiving combined 
therapy (on 93.75/375 mg Sinemet), 
who have had the disease for 7 and 4 
years, respectively. Of the 24 patients 
that did improve by taking combined 
therapy, the average improvement 
was 65%. Two patients (patients 11 
and 27) with unchanged stages and 


mildly worsening motor scores (27 vs 
39.5 and 14 vs 17) at their latest eval- 
uation 8.25 years and 3.3 years after 
start of their combined therapy, re- 
spectively, were on the 11th and sixth 
year of their disease, and have had a 
gradual worsening of scores before and 
after the start of combined therapy. 
Table 3 summarizes the severity of 
parkinsonism in these 26 patients be- 
fore any therapy was given; at the 
start of combined therapy (or just be- 
fore addition of levodopa after a trial 
with selegiline alone for an average of 
19.8 months in 18 of 26 patients); and, 
at the latest examination, over 6 
months from start of combined ther- 
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Table 3.—Severity of Parkinsonism in Patients Receiving Early Combined 
Selegiline /Levodopa Therapy for Over 6 Months * 


aaeeea neeaae, 
Total 


Motor Scores’ 
eeaeee eee, 
Totai Average 


Disease Stage 


Average 





. Before therapy 


56 2.2 338 13 





At start of combined therapy 


58 2.2 


460 18 








At latest examination >6 mo from start of 
combined therapy 


*N = 26 patients. 


apy. There was a worsening of motor 
scores greater than 30% (86%) from 
initial evaluation to the start of com- 
bined therapy. A striking improve- 
ment of motor scores greater than 50% 
(57% ) was noted at the latest exami- 
nation over 6 months from start of 
combined therapy compared with sta- 
tus at the start of combination treat- 
ment. This “reversal” of deteriorating 
motor scores was evident even when 
comparison was made with the initial 
pretherapy scores (41% better than 
pretherapy scores). 

Table 4 shows the degrees of im- 
provement in motor scores of 24 of 26 
patients who improved by taking com- 
bined therapy. Eighteen (75%) of the 
24 patients responded with degrees of 
improvement equal to or greater than 
50%. Seven of these patients also had 
a concurrent shift to at least one func- 
tional stage better than at the begin- 
ning of combined therapy (Table 2). 
These degrees of improvement or 
“reversal” of parkinsonism were not 
observed in any of these same patients 
receiving selegiline alone for over 1 
year. All patients have remained to- 
tally functional with no major parkin- 
sonian disability at an average disease 
duration of 6 years. 

Table 5 shows the untoward events 
that developed during combined ther- 
apy. One patient (patient 16) died sud- 
denly of myocardial infarction and a 
recently discovered lung cancer, 2 
months after his latest neurologic 
evaluation at which time he showed 
improving motor scores (66% change) 
after almost 9 months of taking com- 
bined therapy. This 70-year-old man 
was taking selegiline alone for 2 years 
during which time he continued to de- 
teriorate, almost doubling his motor 
scores. Reversal of scores occurred 
within 1 month after addition of le- 
vodopa. He returned to work 5 months 


.later. Before he died he was still re- 


ceiving a maintenance dose of 10 mg of 
selegiline and 100/400 mg of Sinemet. 
One. -patient (patient 12) had been 
taking selegiline alone for 7 months, 
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46 1.8 199 8 





Event No. of Patients 


Table 5.—Untoward Events Developing During Combined Selegiline / Levodopa Therapy 





Table 4.—I!mprovement in Motor 

Scores of 24 Patients Receiving 

Combined Selegiline / Levodopa 
Therapy for Over 6 Months * 


No. (%) 
of Patients 
9 (37.5) 

9 (37.5) 

3 (12.5) 20-49 
3 (12.5) 0-19 
* Seventy-five percent of 24 patients responded on 


the combined selegiline / levodopa therapy with a de- 
gree of improvement equal to or greater than 50%. 


Degrees of 
Improvement, % 
80-100 

50-79 








Comment 











Death (cancer, lung; myocardial 1 
infarction) 





Patient had been taking combined therapy for 8.75 





months until death 











“Bleeding” peptic ulcer 1 





Patient had been taking combined therapy for 47.5 





months when selegiline was stopped 




















and receiving combined selegiline/ 
levodopa for another 47.5 months, 
when he had a bleeding peptic ulcer 
and he stopped the selegiline. Now he 
is only taking Sinemet 200/800 mg 
daily. Four patients (patients 11, 12, 
24, and 27) first developed an end- 
of-dose “wearing off” pattern of re- 
sponse on the 40th, 36th, 24th, and 34th 
month, respectively, of combined ther- 
apy (mean, 2.8 years after addition of 
levodopa). Interestingly, the same four 
patients also first developed abnormal 
involuntary movements at the 16th, 
36th, 13th, and 34th month, respec- 
tively, of combined therapy (mean, 2.0 
years after addition of levodopa). 
Sinemet doses at those times were 
100/400, 225/900, 125/500, and 75/750 
mg daily, respectively (or a mean of 131 
mg of carbidopa/637.5 mg of levodopa). 
The abnormal involuntary movements 
were focal, localized to small muscle 
groups of the hand, foot, or face, tran- 
sitory (seconds), infrequently occur- 
ring, and were at no time disabling. 
One more patient (patient 13) devel- 
oped one episode of mild, transient 
“curling up of left foot” at the 18th 
month after Sinemet was added at a 
dose of 75/300 mg. There have been no 
instances of mental confusion, disori- 
entation, hallucinations, behavioral 
changes, or changes in higher cogni- 
tive functions ever occurring in any of 
these 26 patients during this combined 
drug trial, which has now lasted for a 
mean duration of 26 months or 2.2 
years (range, 0.7 to 8.3 years; median, 
4.5 years). 


End-of-dose deterioration 4 Event was first noted on the 40th, 36th, 34th, and 
g . 24th month of combined therapy, respectively 
Abnormal involuntary movements 5 Event was first noted on the 36th, 34th, 18th, 16th, 





and 13th month of combined therapy, 
respectively 






COMMENT 


Our results on combined selegiline/ 
levodopa therapy reemphasize the 
continuing dominant role of levodopa 
as the primary drug for symptomatic 
treatment of PD. It was the addition of 
initial small doses of levodopa to a de- 
teriorating parkinsonism on selegiline 
alone for an average of 13.8 months 
that rapidly and dramatically “re- 
versed” the clinical worsening in most 
of our patients. Seventy-five percent of 
the 24 patients who did improve re- 
sponded with degrees of improvement 
in their motor scores by as much as, or 
better than 50%, with a concurrent 
shift of at least one functional stage in 
about a third. These results are similar 
to those of the earliest article by Yahr 
et al" in 1971 on levodopa and MK-486 
(a-methyl-dopa hydrazine), where 
89% of their 38 patients had better 
than 50% improvement on the then 
new combination of levodopa and a pe- 
ripheral decarboxylase inhibitor. Yahr 
et al noted that such results obtained 
within the first weeks of combined 
treatment were similar to those they 
had found after 6 to 12 months of 
treatment with gradually increasingly 
large doses of levodopa alone. Just as 
Yahr et al were impressed with the 
“effective, rapid and efficient means of 
reversing the parkinsonian state” with 
levodopa/MK-486 in 1971, we were im- 
pressed anew with the relatively dra- 
matic reversal of parkinsonism with 
low doses of levodopa-carbidopa when 
added to a previous regimen of sele- 
giline alone. This was particularly im- 
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pressive in two of eight patients in 
< whom treatment with both drugs was 
started almost simultaneously, with 
--fapid reversal to almost normal motor 
status, maintained after over 242 years 
on combined therapy. The quality of 
the therapeutic response was not re- 
> lated to the age of onset, severity, or 
duration of PD at the start of sele- 
giline/levodopa therapy. A possible 
synergistic role of selegiline with 
levodopa in these early cases of PD is 
suggested by the sustained therapeutic 
effectiveness of even low doses of the 
latter for an average of 26 months, 
` with a delay in the appearance of rel- 
atively minor side-effects that devel- 
oped only after over 2 years of com- 
bined therapy. At an average PD du- 
ration of 6 years (range, 3 to 11 years), 
-no patient has had a major functional 
«disability. While these patients have 
|> now been followed up for over 2 years, 
“dt remains too early to draw any defin- 
itive conclusions regarding the specific 
© role of either drug in this combination. 
< A concurrently studied, appropriately 
-matched control group of low-dose 
levodopa alone or in combination with 
© adopamine agonist such as bromocrip- 
tine or pergolide was not available to 
“us at this time. Three articles in the 


¿recent literature address the issue of 


_ bromocriptine compared with, or in 
early combination with, levodopa, and 
“present some data that may be histor- 
ically relevant for our study. Libman 
< et al“ assessed the short-term efficacy 
¿zand tolerance of bromocriptine (Par- 
lodel) and levodopa-carbidopa in a 
double-blind parallel group design 
multicenter study of 49 de novo pa- 
tients followed up for 3 months. The 
majority of their patients (21 in the 
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bromocriptine group and 17 in the 
levodopa-carbidopa group) were in 
stage II or II of their disease at the 
beginning of the study, comparable 
with our own study group. At the end 
of 3 months, 42% of the patients in the 
bromocriptine group and 32% in the 
levodopa-carbidopa group had im- 
proved in their parkinsonian status by 
at least one functional stage. The total 
mean neurologic assessment scores 
had improved by 62% in the bro- 
mocriptine group and by 55% in the 
levodopa-carbidopa group. Compari- 
son between the groups did not show 
any significant difference for both neu- 
rologic and disability assessments. 
The mean daily dose for responders at 
the end of 3 months was 22.5 mg of 
bromocriptine and 250 mg of levodopa. 
The most significant side effect ob- 
served was transient nausea occur- 
ring in six of 24 patients receiving 
bromocriptine and in three of 25 pa- 
tients receiving levodopa-carbidopa. 
Rinne'*’ described his experience with 
the early combination of bromocrip- 
tine and levodopa in patients with PD. 
Compared with levodopa alone, treat- 
ment with bromocriptine alone for 3 
years, and then for 5 years, resulted in 
fewer fluctuations in disability and 
peak-dose dyskinesias, but also less 
improvement in parkinsonian disabil- 
ity. After 3 years of combined bro- 
mocriptine/levodopa treatment of 28 
patients,® the mean daily doses of 
bromocriptine (16.6 + 1.9 mg) and 
levodopa (660 + 35 mg) were signifi- 
cantly lower than in patients treated 
with either drug alone (bromocriptine, 
28.0 + 4.3 mg in 21 patients; levodopa, 
798 + 12 mg in 217 patients). Three 
years of combined treatment resulted 
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in significant improvement of par- 
kinsonian disability’ equal to that 
achieved with levodopa alone (39% 
+ 38% vs 37.0% +1%), and signifi- 
cantly better than with bromocriptine 
alone (15% + 3%). Ona3-year follow- 
up of patients treated with levodopa 
alone, there were fluctuations in motor 
disability in 51 (24%) of 217 patients; 
there were significantly fewer (P < 
.05) fluctuations in patients taking 
combined therapy. At 5 years 
of combined bromocriptine/levodopa 
therapy in 25 patients,” improvement 
of parkinsonism was equal to that 
observed in 196 patients receiving 
levodopa alone (23%). Rinne” con- 
cluded that as primary treatment, bro- 
mocriptine alone is not a useful anti- 
parkinsonian agent, but that the early 
combination of low-dose bromocrip- 
tine and levodopa-carbidopa can result 
in a therapeutic response equal to that 
of levodopa alone, but with few end- 
of-dose fluctuations and peak-dose 
dyskinesias. 

Our own initial results with the 
early combination of selegiline/levo- 
dopa compare favorably with the 
above historic data in the literature. 
We can only suggest that the early 
combination of a selective monoamine 
oxidase type B inhibitor, like sele- 
giline, with its intriguing, possibly 
protective role in dopaminergic cell 
death due to a toxic cause," and the 
original dopamine replacement drug, 
levodopa, both given at the earliest 
clinical expression of the disease pro- 
cess (when at best, only 20% of dopam- 
inergic neurons may still be function- 
ally intact), seems a most reasonable 
approach as initial symptomatic ther- 
apy in de novo patients with PD. 
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Ideomotor Apraxia in Huntington’s Disease 


= a Paul A. Shelton, MD, David S. Knopman, MD 


@ The pattern of movement errors in 
ideomotor apraxia suggests an abnormal- 
ity in selection and sequencing of compo- 
nent movements. Individuats with Hunting- 
ton’s disease were evaluated prospec- 
tively for the presence of apraxia, and 
aspects of motor and cognitive function 
were correlated with apraxic errors. Based 
on a conservative apraxia rating, ideomo- 
tor apraxia occurred in three (33%) of nine 
patients with a mean duration of disease of 
10.4 years. Only two (22%) individuals 
made no apraxic errors, however, and the 

“group as a whole made apraxic errors in 
26% of movements. Apraxia was associ- 
ated with errors in imitation of nonsym- 
bolic movements but not with errors in 
recognition of gestures. It correlated sig- 
nificantly with duration of disease and with 
progressive abnormalities of posture but 
not with other individual aspects of ele- 
mentary motor or cognitive function. 
These associations indicate that apraxia 
in Huntington’s disease may be due pri- 
marily to involvement of subcortical motor 
structures rather than cerebral cortex. 

{Arch Neurol. 1991;48:35-41) 


deomotor apraxia is a disorder of the 

~ performance of previously learned 
complex movements that cannot be 
ascribed to deficits in elementary mo- 
tor’ function? The performance of 
movements in an appropriate context 
and with real objects is characteristi- 
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cally better than propositional perfor- 
mance in individuals with ideomotor 
apraxia. Errors occur in symbolic 
movements, or gestures and panto- 
mime, and it has been considered a 
disorder of symbolic behavior related 
to language (Goldstein, 1948). How- 
ever, the imitation of novel nonsym- 
bolic movements and the spontaneous 
production of previously learned non- 
symbolic skilled movements, such as 
the use of a real tool, are also ab- 
normal.’ Ideomotor apraxia is highly 
associated with aphasia due to lesions 
of the language-dominant hemisphere, 
but both aphasia and apraxia may oc- 
cur in isolation, suggesting that rather 
than being related disturbances of 
symbolic behavior, language and the 
production of learned movements are 
independent functions mediated by 
similar cerebral areas. 

Several studies indicate that the 
imitation of nonsymbolic novel move- 
ments by apraxic subjects may actu- 
ally be worse than imitation of sym- 
bolic movements and that this pattern 
may occur more often with lesions of 
the nondominant hemisphere» Fur- 
thermore, error patterns in individu- 
als with right or left hemisphere le- 
sions do not appear to differ.’ Together 
these findings suggest that ideomotor 
apraxia is a disorder of the formula- 
tion of complex and previously learned 
actions rather than of the ability to use 
symbols per se; ie, it is a disorder of 
motor programming.’ Error pattern 
analyses for previously learned move- 
ments in patients with ideomotor 
apraxia suggest abnormal integration 
of component movements into a com- 
plete and appropriately timed se- 
quence. 

Based on evidence that the basal 
ganglia are involved in the formula- 
tion and coordination of complex pre- 
viously learned motor routines, and on 


the evidence that ideomotor apraxia is: 
a disorder of motor programming 
rather than symbol use per se, it. is 
reasonable to expect disorders prima- 
rily affecting the basal ganglia to cause 
ideomotor apraxia. Therefore, we pro- 
spectively evaluated individuals with 
Huntington’s disease (HD) for the 

presence of ideomotor apraxia. 


SUBJECTS AND METHODS 
Subjects 


Apraxia was evaluated in three groups of © 
individuals: patients with HD, a control 
group with senile dementia of the Alzhei-. 
mer type (SDAT), and a group of normal 
controls. The individuals with HD had all 
been evaluated at the HD clinic at Henne- 
pin County (Minn) Medical Center. Diag- 
nosis was assigned on the basis of neuro- 
logic and behavioral symptoms and signs, 
appropriate family history, findings of com-. : 
puted tomography or magnetic resonance 
imaging, and the natural history of the 
disorder.’ Criteria for diagnosis included 
the presence of chorea, dystonia, rigidity, 
and akinesia or the gradually progressive 
characteristic disorder of voluntary move- 
ment, not present at birth and of insidious 
onset. Emotional disturbances, memory 
loss, and other cognitive disturbances were 
present in most subjects. All patients seen 
in the clinic by the investigators during the 
study period and individuals. seen previ- 
ously and residing in a personal care center. 
were eligible. Informed consent was ob- 
tained from 12 patients with HD and their. 
legal guardians. ; 

The subjects with SDAT were selected 
from among residents in a different per- 
sonal care center. All residents with an ad- 
mitting diagnosis of senile dementia, pri- 
mary degenerative dementia, or Alzhei- 
mer’s disease. for whom consent. could be. ° 
obtained were screened using NINCDS-:- 
ADRDA criteria for SDAT Of 12 such in- 
dividuals, only six met. the criteria for 
probable SDAT. The SDAT control group 
was chosen because apraxia is known to oc: 
cur in the disease and is. associated with 
pathologic changes in the cortex. Measures 
of praxis and cognitive function used in the’ 
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study were validated in this group. 

Finally, 20 normal controls were selected 
from medical and orthopedic inpatient ser- 
vices. The age range included that of both 
patient groups, and none of the subjects had 
evidence of active central nervous system 
disease. Exclusion criteria included a his- 
tory of stroke, dementia, or functionally 
significant memory impairment; moderate 
or severe hypertension; diabetes; syncope; 
brain tumor or systemic malignancy; sig- 
nificant head trauma; recurrent seizures; 
central nervous system infection; collagen 
vascular disease; and the use of psychoac- 
tive medications. 


Procedures 


The evaluation of all patients included a 
complete neurologic examination and his- 
tory regarding the onset of illness, initial 
manifestations, and course. The family his- 
tory was obtained from the patient’s 
spouse, sibling, or occasionally a parent. 
The patient’s age at onset of the first man- 
ifestations of HD or SDAT, duration of ill- 
ness at the time of entry into the study, 
years of education, occupation, sex of the 
patient from whom the disease was inher- 
ited, and medications were recorded. Fam- 
ily history and formal pedigree were ob- 
tained by a geneticist, and vertical trans- 
mission, often with affected sibs, was 
documented. In only one individual with 
HD was the propositus the sole affected 
member in the pedigree, and this subject 
was subsequently excluded from the analy- 
sis of the results of the study (HD patient 
11). Only one subject with probable SDAT 
had a positive family history with a mother 
who became demented at 70 years of age 
(SDAT patient 6). 

Overall functional disability in all sub- 
jects was assessed according to Shoulson 
and Fahn’s (1979) staging system for HD, in 
which individuals at stage 1 are employed 
at their usual level, and at stage 5 require 
total institutional care." 

A 14-item quantitative motor exam- 
ination’ was used to assess motor disabil- 
ity in patients with HD, and the scores on 
nine major aspects of motor function, 
scored 0 through 3 or 0 through 4 (ie, cho- 
rea, dystonia, rigidity, bradykinesia, dysdi- 
adochokinesia, posture, speech, saccadic 
eye movement, and impersistence) were 
summed to create a composite score, the 
motor disability score, where a score of 0 
indicates normal motor function and 32 in- 
dicates the maximum degree of motor dys- 
function. Chorea was assessed in six differ- 
ent body segments and under five different 
conditions, giving a total of 30 scores per 
subject. To facilitate comparisons, an aver- 
age measure of degree of chorea was de- 
rived from these data, the mean chorea 
score. This was the average of right and left 
-upper limb and bucco-orolingual chorea in 
both seated and stressed conditions, with a 
score of 0 indicating the absence of chorea 
and 4 indicating a marked degree in terms 
of both amplitude and frequency. 

An estimate of the degree of dementia 
was obtained with the Mini-Mental State 
examination (MMSE).© Other neuropsy- 
chological measures were designed to eval- 
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Table 1.— Auditory Comprehension Test* 


. Raise your hand. 
. Turn your head, then close your eyes. 


. Touch the paper clip. 
. Touch the coin, then the pen. 


. Touch the smallest object. 


OOnN AMON 


. Touch the pen with the fork. 


. Put the pen between the coin and the keys. 


. Clap your hands, then look at the floor and touch your nose. 


. Touch the fork, then the keys, and then the pen. 


. Put the keys on top of the paper clip and pick up the coin. 


. Touch all of the objects. 
. Instead of the keys, pick up the pen. 





* Based on an array of five objects: pen, fork, paper clip, penny, and keys. Scoring: 1, correct response; Y, 
repeat command once, correct response; and 0, incorrect or no response. 


uate aspects of cognitive function that are 
of theoretical importance for the organiza- 
tion of symbolic motor behavior. A test of 
auditory comprehension similar to the To- 
ken Test” was devised, with easily discrim- 
inable test items (objects that were used in 
the formal apraxia test) and with less 
memory loading (Table 1). The 12 items in- 
cluded tests of single word comprehension, 
two- and three-stage sequential commands, 
and five items testing syntax comprehen- 
sion. 

Ideomotor apraxia was assessed in a 
standardized manner. Abnormal move- 
ments were scored as apraxic if (1) no obvi- 
ous choreiform or dystonic movements co- 
incided with the response; (2) the response 
did not correct after verbal instructions 
were repeated once (eg, if the subjects used 
a body part as object, they were instructed 
to pretend that they were actually holding 
the object); (3) comprehension of the com- 
mand could be documented by having the 
subjects repeat the instructions or select 
the tool they were asked to use from a set of 
six; and (4) if the error conformed to one of 
the predetermined apraxic patterns. Error 
types were defined according to symbolic 
content, distal and proximal movements, 
postural fixation, and errors in timing and 
sequence of movements. Eight error types 
were thereby defined: (1) symbolic content 
errors, where the target movement was a 
recognizable gesture or pantomime but not 
appropriate for the gesture or tool re- 
quested; (2) body part-as-object, where the 
subject substitutes his or her own hand for 
the object rather than manipulating an 
imaginary object; (3) hand posture errors, 
where the configuration of the hand is 
inappropriate or fails to accommodate the 
imagined tool, but the movement of the 
limb is recognizable and appropriate for the 
target gesture or tool; (4) spatial orienta- 
tion errors, a movement error where the 
hand posture or grip is correct but the 
movement is not directed to an appropriate 
target or is otherwise improperly oriented 
in space; (5) motor sequencing errors, 
where components of a limb movement are 
carried out in an improper or inconsistent 
order; (6) perseverative errors, where the 
immediately preceding gesture or panto- 
mime is repeated; (T) onomatopoeic errors, 
where the verbal description of the action is 
substituted for the actual movement, eg, 
“blow”; and (8) imprecision errors, where 





Table 2.—Ideomotor Apraxia Test 
items 


Transitive limb 
1. Use a key 
2. Use a hammer 
3, Comb your hair 
4. Brush your teeth 
5. Screwdriver 
6. Scissors 
7. Use an eraser 
8. Throw a ball 
9. Flip a coin 
10. Stir with a spoon 
Intransitive limb 
11. Wave goodbye 
12. Hitchhike 
13. Salute 
14. Motion come here 
Buccofacial 
. Blow out a match 
. Sip through a straw 
. Stick out your tongue 
. Blow a kiss 
. Cough 


. Roll over in bed, or stand up, or turn 
your head 


the movement is inaccurate but the essen- 
tial aspects of the action are recognizable. 

Complete failure to carry out the com- 
mand may be a manifestation of ideomotor 
apraxia, but, for the purposes of this study, 
such errors were not scored because of the 
difficulty in documenting that they were 
indeed due to apraxia rather than to a fail- 
ure to fully comprehend the instructions or 
to attend to the task. A priori, only body 
part-as-object errors, hand posture errors, 
and content errors as defined above were 
considered to be unequivocal apraxic er- 
rors, because the target action could be 
identified in each instance. 

The formal ideomotor apraxia test in- 
cluded 20 test items: 10 transitive limb, four 
intransitive limb, five buccofacial, and one 
axial movement, which varied depending on 
the position of the subject at the time of 
examination (Table 2). The test was com- 
posed of four parts: (1) subjects first re- 
sponded to a verbal command (proposition- 
al); (2) the examiner demonstrated three 
movements including the correct gestures 
and the subject identified the correct move- 
ment verbally, by number or by pointing; 
(3) subjects imitated the correct gesture, 
performed by the examiner, and any im- 
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provement in the response of the patient 
compared with propositional performance 
was recorded; and (4) subjects used the real 
object. 

Three measures of apraxia were derived. 
The clinical rating was the assessment of 
the presence of apraxia in the standard 


“-gereening neurologic examination per- 
‘formed at the time of entry into the study. 


When present, apraxia was rated as (1) 
mild, (2) moderate, or (3) severe, based on 
the frequency of errors and the occurrence 
with real objects. Second, a conservative 
estimate of the presence and degree of 
apraxia, the objective apraxia rating, was 
derived from the results of the formal 
apraxia test. Only unequivocal apraxic er- 
rors were considered in this rating, and all 
other errors were recorded but not scored. 
Subjeets were assigned an apraxic rating 


-only if they made three or more unequivo- 


cal apraxic errors, and the degree of 
apraxia was graded as follows: grade 1, 
three to five errors; grade 2, six to 10 errors; 
grade 3, 11 to 15 errors; and grade 4, 16 to 
20 errors in the 20-item test. Third, all 
apraxic errors, major and minor, but ex- 
cluding those scored as imprecision errors, 
were totaled for the total apraxic errors. 
Similarly, the total number of transitive 
and intransitive errors and of the total limb 
and buccofacial errors were analyzed. 

An independent measure of the ability to 
imitate movement was devised to eliminate 
the influence of cuing inherent in the re- 
peated exposure to the movements of the 
apraxia test and to compare ideomotor 
apraxia with impairment of performance of 
nonsymbolic movements. The items were 
similar to those used by De Renzi et al. 
The examiner sat facing the subject and 
demonstrated 10 items that included four 
symbolic hand and finger movements (A- 
OK, victory, no-no, come here) and eight 
nonsymbolic novel movements, both cate- 
gories including both fixed postures and 
movement sequences. The response was 
scored as correct or incorrect, and the total 
correct was recorded as the movement im- 
itation score. Subjects were also asked to 
imitate Luria’s two- and three-step motor 
sequences. 

The normal controls were evaluated with 
the MMSE and the auditory comprehen- 
sion, apraxia, movement imitation, move- 
ment recognition, and Luria’s motor se- 
quencing tests. The scores of the three 
study groups were compared by repeated 
measures analysis of variance for age, edu- 
cation, MMSE score, auditory comprehen- 
sion score, all measures of ideomotor aprax- 
ia, and movement imitation. The patient 
groups were also compared in terms of du- 
ration of disease and functional disability 
rating. Significant differences thus identi- 
fied by analysis of variance were evaluated 
by two-sample ¢ tests with separate vari- 
ance in a pairwise manner. 

Finally, the scores of the HD group on all 
measures of ideomotor apraxia were com- 


spared by calculating Spearman rank corre- 


lation coefficients. Correlation coefficients 
were similarly calculated between the 
apraxia scores and all other measures of 
motor and cognitive function. 
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RESULTS 


The clinical characteristics of the 12 
subjects with HD are indicated in Ta- 
bles 3 and 4. As the tables demon- 
strate, the HD group presents a broad 
range of disability, and the pattern of 
motor involvement is characteristic of 
the disease in general. One individual 
with HD had the predominantly rigid 
form of the disease (8% ). No difference 
in age of onset was demonstrated ac- 
cording to sex of the affected parent, 
the mean age at onset being 39.0 years 
for male inheritance and 38.7 years for 
female inheritance (data were unavail- 
able for two subjects). The HD and 
SDAT groups differed significantly in 
age (F[1,17] = 18.45; P < .002) and age 
at onset (mean, 73.6 years for SDAT 
group), as expected, but the mean ages 
were typical of the respective disor- 
ders. The groups were similar in over- 
all functional disability rating (mean, 
4.0 for SDAT group), and both were in 
midcourse according to the respective 
mean durations of disease (mean, 5.6 
years for SDAT group).*"' Because of 
the age disparity in the patient groups, 
normal controls were selected with a 
range of ages encompassing both pa- 
tient groups. The resulting control 
group had a mean age differing signif- 
icantly from either patient group. The 
normal subjects were divided into two 
groups (n = 10) according to age: those 
younger than 65 years and those 65 and 
older (mean age (+SD), 57.9 +5.93 
and 73.4 + 4.48, respectively). The 
mean age of the HD group was less 
than 2 SD from that of the younger 
normal subgroup, and, similarly, the 
age of the SDAT group was not signif- 
icantly different from that of the older 
normal subgroup. These normal sub- 
groups did not differ with respect to 
MMSE scores (P > .29), comprehen- 
sion (P = 1.0), praxic errors (P > .62), 
movement recognition (P> .56), 
movement imitation (P>.72), and 
motor sequencing (P > .30), and they 
were therefore combined for all subse- 
quent comparisons with the patient 
groups. 

Two subjects (HD patients 10 and 
11) were excluded from subsequent 
analysis because comprehension of 
commands in the apraxia test could 
not be documented and the occurrence 
of ideomotor apraxia could not be ad- 
equately evaluated. One subject (HD 
patient 12) was excluded because she 
refused to complete all tests. Most 
subjects with HD were treated with 
neuroleptic medication, but there was 
no correlation between use or dose of 
medication and the presence or degree 
of bradykinesia or apraxia. Specifi- 





cally, HD patient 1 was taking no 
medications. The total daily doses (in 
milligrams) of other medications were 
as follows: HD patient 2, clorazepate 
dipotassium (3.75); HD patient 3, halo- 
peridol decanoate (4.5) and lorazepam 
(6); HD patient 4, haloperidol (2), oxy- 
butynin chloride (15) and levothyrox- 
ine sodium (0.2); and HD patient 5, 
chlorpromazine hydrochloride (75) 
and molindone hydrochloride (30); and 
HD patient 8, haloperidol (10) and al- 
prazoloam (2); HD patients 6, 7, and 9 
took only haloperidol at doses of 6, 40, 
and 5 mg/d, respectively. 

The results of the tests of praxic 
function for the nine remaining sub- 
jects with HD are indicated in Table 5, 
and a comparison of results for HD, 
SDAT, and normal control groups are 
presented in Table 6. According to the 
objective apraxia rating, the most con- 
servative measure of apraxia in this 
study, three (838%) of nine patients 
with HD and one (17%) of the six pa- 
tients with SDAT but none of the nor- 
mal controls were apraxic. The propor- 
tion of apraxic patients with SDAT 
was lower than that generally re- 
ported, which may be due to the mod- 
erate degree of cognitive impairment 
in the group as a whole and to the strict 
criteria established for the presence of 
apraxia in this study. According to the 
analysis of variance, the patient 
groups differed from the normal 
controls significantly in MMSE 
scores (F[2,32] = 51.30; P < .001), audi- 
tory comprehension (F[2,30] = 22.28; 
P<.001), total apraxic errors 
(F[2,32] = 9.32; P < .001), motor se- 
quencing (F(2,32] = 12.08; P <.001), 
and education (F[2,32] = 3.91; P < .05) 
but not in movement recognition 
(F[2,32] = 0.47; P >.6) or movement 
imitation (F[2,31] = 2.19; P > .1). Post 
hoc analysis of these results with two- 
sample ¢ tests indicated that only the 
patients with HD differed from the 
normal controls in total apraxic errors 
(t = 2.73; df = 8.1; P < .026) and years 
of education (t=2.85; df= 19.4; 
P<.010). Both the HD and SDAT 
groups differed from the normal con- 
trols in MMSE, comprehension, and 
motor sequencing scores (Table 6). 

As a group, the patients with HD 
made apraxic errors in 26% of move- 
ments (total apraxic errors, 6.0 of 20) 
and subjects with SDAT made apraxic 
movements in only 12.5% of move- 
ments (total apraxic errors [mean], 2.5 
of 20). The most frequent error type in 
patients with HD was hand posture 
errors (33% ), followed by body part- 
as-object (26% ), content (17% ), spatial 
orientation (11% ), and motor sequenc- 
ing errors, onomatopoeic and impreci- 
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-sion errors each accounting for 4% of 
errors. It may be argued that in the 


. -setting of an established basal ganglia 


disorder only body part-as-object or 
content errors may be reliably distin- 


guished from more elementary disor- 
ders of movement. When only: these 
types of errors were analyzed, the pa- 
tients with HD still made significantly 
more errors than did control subjects 


Table 3.—Clinical Characteristics of Patients With Huntington’s Disease 


Patient No./ 
Age, y 


Age at 
Onset, y 


Duration, 
y 


Sex 


Functional 
Disability 
Score (0-5) 


Sex of 
Affected 
Parent 


Education, 
y 





4/72 62 10 


M 11 3 





2/38 36 


15 





3/31 21 


10 





4/65 47 


12 





5/65 30 


12 





6/67 60 


11 





7/32 26 


12 





“B14T 26 


14 





9/57 47 


12 





40146 34 


nizg|nizinininiz]: 


12 





11/64 49 


10 





12/52 35 


aininizizizizizinizinia 


12 





Mean 51.4 





SD... 13.8 





OMA A aialalaloalalajain 


oj 


1.4 


(F [1,27] = 13.635; P< 001). 

All measures of apraxia were highly 
correlated with one another, including 
the most and least conservative mea- 
sures, the objective rating, and the to- 
tal errors (Spearman, r= .86; 
P < .003). The clinical rating corre- 
lated with the objective apraxia rating 
ír = 92; P < 0004), the total apraxic 
errors (r = .84; P < .0042), the number 
of transitive errors (r= 0.85; 
P < .0033), and the number of intran- 
sitive errors (r= .71; P < .032). The 
difference between patient groups in 
the frequency of occurrence of apraxia 
was not significant (total apraxic er- 
rors, F{1,14]= 2.32; P>.15). There 
was also no difference between the 
groups in transitive (F[1,14] = 1.66; 
P > .22) or intransitive (F[1,14] = 3.05; 
P > 10) movements. 

The degree of apraxia in individual 
subjects with HD correlated signifi- 
cantly with the duration of HD (Fig 1) 
(total apraxic errors, r = .68; P < .043), 
posture (r = .79; P <.011) and move- 


Table 4.—Motor and Cognitive Characteristics of Patients With Huntington’s Disease * 


Motor 
Disability 
(0-32) 
13 


Mean 
(0-4) 
2.3 
2.0 


Patient 








Dystonia 


Muscle 
Tone 
{0-3) 


Hypomimia 


(0-4) (0-4) 


Posture 
(0-3) 


RAM MMSE 
(0-3) (0-30) 


Memory 
(0-3) 





@ 
~ 


1 


1 


1 23 1 





26 





3.3 


17 





1.2 


16 





2.7 


17 





1.0 





1.8 











1.3 





2.0 





2.0 





1.5 





2.0 


NIWINIOIMINIO@lo;a)— 
NINN IN IN OIO DIO] m| 
ON RIN IWIN] =|) @i Lio 


alalwlololi-~lolwinialo 


NMiDBlwWin (MLM im ops pm 





1.9 





0.6 


Clinical 
Apraxia 
Rating 
(0-3) 


Objective 
Apraxia 
Rating 


| Patient 
i (0-4) 


No. 


Total 
Apraxic 
Errors 
{0-20} 


Transitive 
Movement 
Errors, % 


Intransitive 
Movement 
Errors, % 


Gesture 
Recognition 
Errors, % 


Movement 
Imitation 
Errors, % 





2 























ojlajololejo]o 





olal~wlolala lain |= 
clolololalmloloin 








BIO 


= 
T 
D 
2 
@ 
3 





Qn 
ei 


~ * Numbers in parentheses- indicate range of scores. 


+Percentage 





38 Arch Neurol—Vol 48, January 1991 








Huntington's Disease— Shelton & Knopman 


~o geore 


< adochokinesia 
-> gpeech (r = .29; P > .44), extraocular 
=< movements (r = .48; P > .18), or motor 


- ment imitation (both nonsymbolic and 


symbolic movements) (transitive er- 
rors, r= .73; P < .041) (total apraxic 
errors, r= .68; P <.065). There was 
also a trend between degree of apraxia 
and degree of overall motor disability, 
je, the composite motor disability 
(transitive errors, r= .65; 
P <.059) (total apraxic errors, 
r= 0.59; P < .096) and functional dis- 
ability rating (transitive errors, 
r= 65; P < .059) (total apraxic errors, 
r= 62; P < .075). There was no corre- 
lation between degree of apraxia and 
degree of chorea (total apraxic errors, 
r= 28 P> .46), dystonia (r= .25; 
P > 50), rigidity (r= .17; P > .65), 
< bradykinesia (r = .50; P > .16), dysdi- 
(r= 22; P> 55), 


impersistence (r = .46; P > .20). 
Finally, there was no correlation 
between the degree of apraxia in HD 
and measures of cognitive function in- 
cluding auditory comprehension (total 
apraxic errors, r= .62; P >.13) and 
MMSE (r = .24; P > .52). The subjects 
with HD performed uniformly well in 
movement recognition, and no subject 


a was able to perform Luria’s motor se- 





quences. 
COMMENT 


The principal finding of this study is 
that ideomotor apraxia occurs in at 
least one third of individuals with HD. 
It is possible that the actual frequency 
is higher, as a rather conservative rat- 
ing system was used in this study. In 
addition, those individuals who were 
severely impaired were excluded from 
the analysis, and it was impossible to 
determine the degree to which their 
failure to respond during testing re- 
sulted from apraxia as opposed to a 


, failure to comprehend or attend to the 


commands. Seven (78%) of nine pa- 
tients with HD made at least two 
apraxic errors, and it is possible that 
unequivocal apraxia would develop in 
such individuals with progression of 
the disease. If the maximum number of 
errors made by any normal subject on 
the apraxia test (one apraxic error) is 
accepted as the cutoff score between 
apraxic and nonapraxic subjects, two 
errors indicating the presence of 
apraxia (>3 SD from the control 
group mean), then all of these individ- 
uals are apraxic. Similarly, three 
(50%) of the subjects with SDAT 
would be scored as apraxic. 

¿ Ideomotor apraxia has not previ- 
ously been studied in HD. This is per- 
haps surprising because a variety of 
cognitive disorders including aphasia 
and neglect have been shown to result 
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Table 6.—Comparison of Performance of Patient Groups and Normal Control* ; 


Normai Controls 





Age y 85.7 


15.7 <03 





Education, y 10.2 


1,54 __<.01 2.23 





MMSE (30) 28.7 


4.10 <.001 7.27 





Comprehension (12) 11.8 


1.24 <.02 2.84 





Apraxia score (20) 19.8 


5.09  <.03 1.94 





Movement recognition (6) 5.9 


0.67 NS . 0.0 





Movement imitation (12) 11.6 


3.80 NS 1.51 








Motor sequencing (2) t4 


0.0 NS ; 0.0 





“HD indicates Huntington's disease; SDAT. senile dementia of the Alzheimer type; MMSE, Mini-Mental State 
examination; NS, not significant; and numbers in parentheses, maximum score. 
tTwo-tailed two-sample t tests with separate variances. 
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Fig 1.—Relationship between the degree of 
apraxia, as measured by total apraxic errors, 
and the duration of Huntington’s disease (HD) 
in individual subjects. 


from subcortical as well as cortical le- 
sions. Huntington’s disease is associ- 
ated with a variety of abnormalities in 
voluntary motor function, and invol- 
untary movements may degrade or 
obscure target movements, complicat- 
ing the interpretation of apraxia. This 
may in part explain the lack of infor- 
mation in the literature. The exclusion 
of deficits in elementary motor func- 
tion is generally required for the diag- 
nosis of apraxia. However, certain er- 
ror types are characteristic of ideomo- 
tor apraxia and are recognizable even 
when degraded. For example, the use 
of a body part as object clearly identi- 
fies the target movement and indicates 
an error in the selection or symbolic 
content of the movement, permitting 
the demonstration of apraxia. In this 
study, apraxic errors were analyzed 
and, for the above reasons, only un- 
equivocal apraxic errors were used in 
the assignment of apraxic status. 
The pattern of apraxic errors in the 
patients with HD was similar to errors 
in apraxia following focal cerebral 
lesions. The most common errors 
were body part-as-object, hand pos- 
ture, spatial orientation, and content 
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Fig 2.—Relationship between the degree of: 
apraxia, as measured by the total number of 
transitive-movement errors, and imitation of 
symbolic and nonsymbolic movements. Data 
for the eight subjects who completed all tests 
are shown, but overlapping dots in the figure 
are not indicated. 


errors. In subjects with single unilat- 
eral cerebral infarctions, Rothi et al" 
found that the most frequent errors 
were body part~as-object, internal 
configuration (similar to hand posture 
errors here), external configuration 
orientation and external configuration 
movement (which together are similar 
to spatial orientation errors here), and 
content errors. The similar pattern in 
HD indicates that the errors were 
apraxic in nature and unrelated to 
chorea, dystonia, tremor, ataxia, or 
paresis. The patients manifested vary- 
ing degrees of each of these movement 
disorders, but the presence of apraxia 
did not correlate with any of these, nor 
with bradykinesia or rigidity as as- 
sessed independently from the apraxia 
tests. Errors in the symbolic content of 
the movements and the fact that the 
movement errors were most frequent 
in the propositional setting and char- 
acteristically resolved when subjects 
used the real object also suggest that 
these errors were not due to abnormal- 
ities of elementary motor function. 
Two varieties of ideomotor apraxia 
have been differentiated based on the 
ability of apraxic individuals to recog- 
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nize and visually discriminate move- 
ments.” Those individuals with poste- 
rior parietal lesions or fluent aphasia 
are impaired in movement recognition 
compared with subjects with anterior 
lesions or nonfluent aphasia. It was 
proposed that the impairment of 
movement recognition results from 
destruction of visuokinesthetic en- 
grams in the dominant inferior pari- 
etal cortex that encode the spatial 
characteristics, sequence, and timing 
of component movements. In HD, 
apraxia is therefore of the anterior 
type, with preservation of movement 
discrimination. This is consistent with 
the known relationships between the 
striatum, the initial and major focus of 
pathologic changes in HD, and the 
frontal association cortices. Early cog- 
nitive deficits in HD include decreased 
concentration, apathy, impairment of 
spontaneous initiation of activity, poor 
social judgment, organization and 
planning of sequential tasks, de- 
creased verbal fluency, maze tracing, 
visual tracking, and abnormalities of 
narrative language or discourse, all 
suggesting abnormalities of frontal 
lobe function.” A similar pattern of 
deficits occurs following focal caudate 
infarction.” 

The striatum is functionally associ- 
ated with frontal lobe structures. 
While the basal ganglia receive affer- 
ents from virtually every cortical area, 
the putamen appears to be part of a 
functionally segregated circuit, receiv- 
ing its principal input from primary 
motor, supplementary motor, premo- 
tor, and somatosensory cortices. Its 
principal output is to the supplemen- 
tary motor cortex via ventral anterior 
and ventral lateral thalamic nuclei. 
The caudate receives its principal in- 
put from the frontal association cor- 
tex, and its output is to dorsolateral 
prefrontal, orbitofrontal, and anterior 
cingulate cortices.” The basal ganglia 
appear to be involved in nearly all 
types of movement, including self- 
paced or internally generated sponta- 
neous movements and stimulus-trig- 
gered movements, including both bal- 
listic and slow pursuit movements.” ” 
The supplementary motor area ap- 
pears to be involved in the initiation of 
movement and in motor planning, as 
supplementary motor area lesions re- 
sult in akinesia and mutism, and cere- 
bral blood flow and electrophysiologic 
activity of the supplementary motor 
area increase in a specifie manner pre- 
ceding voluntary movement.** Fur- 
thermore, bilateral ideomotor apraxia 
has been demonstrated in association 
with lesions of the left supplementary 
motor area.” It is important to note 
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that putaminal neuronal activity sim- 
ilarly changes in relation to movement 
instructions in preparation for move- 
ment, and the basal ganglia may there- 
fore have a role in motor planning 
similar to that of the supplementary 
motor area.” 

Individuals with Parkinson’s dis- 
ease characteristically have difficulty 
with initiation of movement and in 
sustaining multiple simultaneous ac- 
tions, but responses may be substan- 
tially improved with external cues.” 
Marsden* proposed that the basal gan- 
glia are involved in “the automatic ex- 
ecution of learned motor plans,” re- 
quiring the sequential or concurrent 
operation of a number of simple motor 
programs. More recently, Thompson et 
al” have demonstrated similar diffi- 
culty in the performance of sequential 
and concurrent movements in HD. 
Ideomotor apraxia in HD may there- 
fore be caused by abnormalities in the 
interaction between the abnormal 
basal ganglia and unaffected premotor 
cortical structures more commonly as- 
sociated with apraxia, resulting froma 
dissolution of such aspects of motor 
programming. This would indicate 
further that basal ganglia processing 
is required for the performance of 
symbolic movements and that the in- 
teraction between parietal cortex and 
frontal association cortex alone is in- 
sufficient. The subjects with SDAT 
were less apraxic and more demented 
than those with HD (according to 
MMSE and auditory comprehension 
scores), a double dissociation in cogni- 
tive deficits. This finding suggests that 
the mechanism of apraxia in HD dif- 
fers from the disruption of cortical 
processing presumed to be the cause of 
apraxia in SDAT.” 

On the basis of this study, it cannot 
be determined whether the apraxia 
was due to involvement of frontal cor- 
tex or to involvement of subcortical 
structures alone. In early stages of 
HD, the caudate head is selectively in- 
volved and progresses to involve the 
putamen, the globus pallidus, and sub- 
thalamic and certain thalamic nuclei. 
In late stages of the disease, structural 
changes in the cerebral cortex have 
been documented in some individuals, 
primarily neuronal loss and mild glio- 
sis in deeper layers of the frontal 
cortex.” Several of the subjects in the 
present study who made apraxic errors 
were only mildly impaired in terms of 
cognitive function (HD patients 7, 8, 
and 9). Fluorodeoxyglucose positron 
emission tomography and computed 
tomographic studies have demon- 
strated that early dementia in HD is 
associated with hypometabolism of 





the caudate head but not with atroply 
or hypometabolic changes in the cere 
bral cortex.” It appears, therefore 
that ideomotor apraxia occurs in HI 
at a stage when cortical structures ar 
not implicated in the degenerative pro 
cess, lending support to the hypothesi 
that apraxia may result from basa 
ganglia lesions alone. 

Ideomotor apraxia is most often dur 
to focal lesions of the dominant infe 
rior parietal lobe and is therefore as 
sociated with disturbances of languag 
comprehension. The preservation o: 
auditory comprehension and the lacl 
of correlation between the occurrence 
of apraxia and comprehension tes: 
scores in this study at first suggestec 
that subcortical disease was responsi- 
ble for the apraxia. As indicated above 
however, ideomotor apraxia also re- 
sults from lesions restricted to premo- 
tor association cortex or to subcortical] 
white matter connections between pre- 
motor and inferior parietal areas. As 
there was no independent discrete 
measure of frontal association cortex 
function, the possibility of frontal, ex- 
clusive of parietal, cortical involve- 
ment remains unresolved. 

Mild ideomotor apraxia was previ- 
ously reported in association with fo- 
cal infarction of basal ganglia, thala- 
mus, and internal capsule in either the 
right or the left hemispheres. An anal- 
ysis of apraxic errors was not per- 
formed in this study,” however, and a 
comparison with the pattern of ideo- 
motor apraxia in the present study is 
not possible. 

To conclude, it appears that certain 
aspects of the apraxias, which are con- 
sidered to be disorders of higher corti- 
cal function, result from the disrup- 
tion of basal ganglia input. In this re- 
gard, it has been demonstrated that 
putaminal activity increases in rela- 
tion to instructions for movement 
alone and that the basal ganglia play a 
significant role in the initiation of vol- 
untary movement.** Error pattern 
analyses indicate that a majority of 
apraxic errors are not errors of sym- 
bolic content but represent a failure to 
combine individual proximal and dis- 
tal limb movements either concur- 
rently or in sequence. This is consis- 
tent with the common abnormalities 
of motor control seen in basal ganglia 
disorders.” 
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Initial Therapy of Patients With 
Wilson’s Disease With Tetrathiomolybdate 
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@ Patients with Wilson’s disease who 
present with acute neurological symptoms 
often become clinically worse when ini- 
tially treated with penicillamine. Other 
available anticopper drug therapies do not 
appear to offer a solution to this treatment 
problem. We are developing and evaluat- 
ing a new drug, ammonium tetrathiomo- 
lybdate for this purpose. Theoretically, 
tetrathiomolybdate has optimal proper- 

` ties, including an immediate blockade of 
copper absorption and the property of 
forming complexes with copper in the 
blood, rendering the copper nontoxic. in 
this article, we present results from six 
patients treated with tetrathiomolybdate 
for up to 8 weeks as initial therapy. None 
of the five patients who had presented 
with acute neurological symptoms wors- 


fe < ened. Also presented are methods of as- 


say, preliminary stability studies, and 

methods of evaluating therapeutic end 

points with respect to copper metabolism. 
(Arch Neurol. 1991;48:42-47) 


Tre anticopper therapy of patients 
presenting with symptomatic Wil- 
son’s disease can be broken down as 
occurring in two phases. The first is the 
initial treatment phase, generally 
thought of as the period when toxic 
copper levels are brought under con- 
trol so that further copper toxicity is 
abated. The second is the maintenance 
treatment phase, which is the lifelong 
prevention of the reaccumulation of 
copper to toxic levels. Any one of three 
drugs—zine, penicillamine, or trien— 
can be used for maintenance therapy 
with complete efficacy.'? These three 
drugs differ for this use only in the 
number and severity of side-effects 
- and in the extent of recorded experi- 
<> ence. In contrast with this relatively 
=> comfortable situation for maintenance 
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therapy, a satisfactory approach for 
the initial treatment of symptomatic 
patients has not been worked out, in 
our opinion. 

This hiatus in therapy is most ap- 
parent for the patient who presents 
with neurological symptoms from Wil- 
son’s disease. We have anecdotally ob- 
served patients becoming much more 
severely affected neurologically when 
initially treated with penicillamine. A 
retrospective survey revealed that 13 
of 25 patients presenting with neuro- 
logical symptoms worsened within the 
first few weeks of therapy with peni- 
cillamine, and that six of these patients 
never recovered to the pretherapy 
baseline.’ The mechanism of this penicil- 
lamine-induced neurological worsening 
is not clear but may involve redistribu- 
tion of copper from other parts of the 
body into the brain, or within intracellu- 
lar compartments. 

At least theoretically, zine therapy 
also does not appear to be the answer 
for this type of patient. It acts slowly 
and produces only a very modest neg- 
ative copper balance.** It seems possi- 
ble that the disease could progress to a 
certain extent during the several 
months that it takes to bring copper 
toxicity under control. Indeed, in one of 
three neurologically affected patients 
whom we treated with zinc, tremor did 
seem to progress over the first few 
months of therapy. There is very little 
experience with the third drug ther- 
apy, trien. Since its mechanism of ac- 
tion is somewhat similar to penicil- 
lamine, it may be subject to the same 
problem of neurological worsening. 

We believe that ammonium tetra- 
thiomolybdate may provide an answer 
for the initial treatment of the neuro- 
logically affected patient. This drug 
has two anticopper mechanisms of 
action? One mechanism involves 
complexing copper, together with food 
proteins, in the gastrointestinal tract, 
preventing absorption of copper. The 
second mechanism is that absorbed 
tetrathiomolybdate forms complexes 
with copper and albumin in blood, 
rendering the copper unavailable for 
cellular uptake, and, therefore, remov- 


ing it from toxic pools. Because of 
these promising properties, we have 
carried out pilot work using tetrathio- 
molybdate for the initial treatment of 
neurologically affected patients. Here- 
in we report our observations with the 
first six patients whom we have 
treated with tetrathiomolybdate. 


PATIENTS AND METHODS 
Patients 


The six patients involved in this study all 
had Wilson’s disease, as established by cri- 
teria summarized in Table 1. The first five 
patients listed in Table 1 presented with 
acute neurological symptoms, as summa- 
rized in Table 1. The sixth patient (No. 38) 
had originally presented with neurological 
disease but had been treated for several 
years with penicillamine and later with 
zine. Inexplicably, she stopped all treat- 
ment for many months and then presented 
to us with a copper status that was out of 
control. Her liver-derived serum enzyme 
levels were significantly elevated, com- 
pared with prior values. Because of con- 
cerns that neurological deterioration might 
develop at any time, we elected to treat her 
initially with tetrathiomolybdate. In three 
of the first five listed cases in Table 1 (cases 
56, 63, and 68), the initial treatment was 
with tetrathiomolybdate. Patients 61 and 
79 had been treated briefly with penicil- 
lamine and, because of concerns that their 
conditions were deteriorating, were re- 
ferred to us for treatment with tetrathio- 
molybdate. All patients who participated in 
this study were hospitalized in the Clinical 
Research Center of the University of Mich- 
igan Hospital, Ann Arbor. Most patients 
were admitted for the entire time they re- 
ceived tetrathiomolybdate. All patients 
who participated in this study gave written 
informed consent. This research was car- 
ried out according to the principles of the 
Declaration of Helsinki (Finland) and ap- 
proved by the Committee on the Use of Hu- 
mans as Experimental Subjects of the Uni- 
versity of Michigan. 


Materials 


Tetrathiomolybdate was purchased from 
Aldrich Chemical Co, Milwaukee, Wis, in a 
form suitable for human administration. It 
was stored in bulk form, anaerobically, 
protected from light, and at room temper- * 
ature (standard bulk storage). At the time of 
admission of a patient who was to receive 
therapy with tetrathiomolybdate, the drug 
was weighed out in appropriate amounts 
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: Table 1.—Initial Clinical and Laboratory Observations Bones o 


Piasma 

Cerulo- 
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mg/L 


‘Age at 
Tetrathio- 
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Copper in 
Liver, 
ug/g 


Plasma 
Copper, 


Kayser- 
Fleischer 
Rings 


“Patient 


pmol/L Dry Weight 


Copper in 
Urine, 
zmol/d 


Neurological 


Symptoms Comment 





NO. 
660° 


Sex initiation, y 


M 36 Present 131 9.9 1621 


3.4 Dysarthria; gait 
abnormalities; 
tremor; cerebellar; 


discoordination 





Present 





Dysarthria; tremor; 
dystonia: drooling; 
gait abnormalities 


Treated initially 
with penicillamine 
for 6 wk 





Present 


Dysarthria; rigidity; gait 
abnormalities; dystonia 





Present 
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gait abnormalities; 
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White matter lesions 
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Present 
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penicillamine for 4 wk 
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, Fig 1.—For standard bulk storage, tetrathiomolybdate was kept in 100- 
g brown, sealed bottles at room temperature. For air-exposed bulk stor- 

age,.a few grams.of the powder were kept in a bottle with the top off at 

room temperature. For air-exposed capsules, capsules were kept in a 

bottle with the top off at room temperature. For assay, 10 ug of the drug 

„Was placed in 1.0 mL of distilled water, and absorption measured at 467 

-nm in a spectrophotometer (Gilford 2400S, Gilford Instrument Labora- 
tories Inc, Oberlin, Ohio). 









Table 2.—-Tetrathiomolybdate Therapy Data / 


Dysarthria; gait 
abnormalities; 
drooling 


Special case; patient receiving 
maintenance therapy 
who quit therapy and 
developed high copper 
values in urine 








Copper Precipitate, umol/L 





10 
Tetrathiomolybdate Added, pmol/L. 


20 


Fig 2.—This biological assay was carried out by adding the indicated’ 
amount of tetrathiomolybdate to 2.0 mL of 5.0 mmol/L-Hepes buffer 
containing 15 umol/L of copper acetate and 150 umol/L of human al- 
bumin. The mixture was allowed to stand for 15. minutes at room tem- 
perature. Then 2.0 mL of the mixture was mixed with 2.0 mL of the > 
trichloroacetic acid solution, such that the final concentration of trichlo- 
roacetic acid was 5%. This mixture was shaken for. 15 seconds: ina 
Vortex mixer and then centrifuged at 1500-g. The copper concentration 
in the supernatant was assayed and subtracted from that added to de- 
termine the amount of copper precipitated. As a control, to show loss of 
tetrathiomolybdate biological activity under conditions. of oxidation, 
tetrathiomolybdate treated with either 12 or 24 pmol/L of hydrochioric 
acid was also assayed. 
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Final Dose Dose Regimen Amount, mg* Days Until Closure 

Patient Weight, ana eterna, of Copper- 

No. kg mg/d mg/kg With Meals Between. Meals Molybdenum Gap 

56 97 150 1.6 20 30 e 18 

61 62 180 2.9 20 40 17 

63 87 210 24 30 40 - 44 

68. 5t 150 29 20 30 LE 

79 93 220 2.4 20 60-60-40 








20 
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and placed in capsules by one of us (R.T.). 
Depending on the patient and dose pre- 
scribed, capsules contained 10, 20, 30, or 40 
mg. The dose of drug was individualized in 
each case as experience was gained (Table 
2). Details are provided in the “Results” 
section. 


Methods 


The stability and poteney of tetrathio- 
molybdate was evaluated in several ways. 
The parent molecule has an absorption 
peak at 467 nm,” and this was followed over 
time (methodological details in the legend 
to Fig 1). In addition, a bioassay was devel- 
oped that depended on rendering a stoichi- 
ometric amount of copper insoluble in 
trichloroacetic acid in the presence of albu- 
min (methodological details in the legend to 
Fig 2). We also performed special studies 
examining the rate of degradation under 
conditions of patient usage and under con- 
ditions that were anticipated to make the 
drug degrade. These conditions will be de- 
fined in the “Results” section and in the 
- figure legends. 

End points for our therapeutic objectives 
related. to copper needed to be defined to 
determine the dosage required. We had two 
proximal therapeutic objectives. One was to 
block absorption of copper in the gas- 
trointestinal tract as soon as possible after 
therapy began. This end point was evalu- 
ated by established methods determining 
the absorption of orally administered cop- 
per 64" and by evaluating copper balance.*! 
The second objective was to “neutralize” 
‘the potentially toxic copper levels in the 
blood as rapidly as possible. By neutralize 
we mean the binding of the potentially toxic 
copper totetrathiomolybdate-albumin com- 
plexes, which renders the copper unavail- 
able for cellular uptake, This effect was 
evaluated as follows: First, the total plasma 
copper and the ceruloplasmin activity were 
determined, and the calculated amount of 
ceruloplasmin-bound copper (3 ug of copper 
per milligram of ceruloplasmin) was sub- 
tracted from the total plasma copper level 
to determine the nonceruloplasmin plasma 
copper (NCPCu) level. Ceruloplasmin- 
bound copper is viewed as nontoxic. The 
NCPCu level is the potentially toxic copper 
and is the copper that needs to be 
“neutralized” by tetrathiomolybdate ther- 
apy. We then determined the total molyb- 
denum content of the plasma and examined 
the stoichiometry of molybdenum to 
NCPCu, which should be 1:1 when all 
NCPCu is complexed to tetrathiomolyb- 
date. Copper and molybdenum were as- 
sayed by atomic-absorption spectropho- 
tometry (IL 451, Instrumentation Labora- 
tory Inc, Wilmington, Mass). In one 
instance, an effect of treatment on mean 
excretion of copper in urine was evaluated 

. for statistical significance using the paired 
t test. 

It was critical during this study to deter- 
mine the patient’s clinical status to evalu- 
ate whether there was significant neurolog- 
ical deterioration during therapy with 
tetrathiomolybdate. This was achieved by 
two separate and independent evaluations, 
one of speech function and one of overall 
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Fig 3.—Results of treatment of patient 56 with tetrathiomolybdate. 
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Fig 4.—Results of treatment of patient 61 with tetrathiomolybdate. 


neurologic function. A baseline quantita- 
tive neurological examination was per- 
formed by one of us (A.B.Y.) using methods 
previously described, another was con- 
ducted during the midpoint of the 8-week 
tetrathiomolybdate treatment, and a final 
one was performed at the end of the 8 weeks. 
The results of the initial and final exami- 
nations are reported here by a scoring sys- 
tem previously described” that quantita- 
tively evaluates tremor, dysarthria, fine- 
motor coordination, resting dystonia, and 
rigidity. Worsening is depicted by a higher 
score, improvement by a lower score. Clin- 
ical motor speech function was evaluated 
with oral motor examinations, and percep- 
tual speech analysis was documented with 
audiotape recordings. A speech pathologist 
(K.J.K.) analyzed and rated the severity of 
the dysarthria during the examination and 
from audiotaped samples of spontaneous 
speech, expository speech, oral reading of 
the “Grandfather Passage,” diadochoki- 
netic rates, verbal and nonverbal agility 


scores, counting from 1 to 75, and duration 
of the vowel sounds “ah” and “ee.” We used 
the deviant speech dimensions defined by 
Darley et al.” A rating scale was devised 
extending from 0 (unaffected) to 6 (severe- 
ly affected) for the severity of dysarthria. 
Initial examinations were performed 
within 2 to 4 days following admission and 
prior to initiation of therapy with tetrathi- 
omolybdate. Examinations were repeated 
on a weekly basis during the administration 
of tetrathiomolybdate. The results of the 
initial and final examinations are reported 
here. 


RESULTS 


The results of the studies evaluating 
the potency and stability of tetrathio- 
molybdate under various storage con- ; 
ditions are shown in Figs 1 and 2. It is 
clear that with standard bulk storage 
the drug is quite stable, as measured 
both by absorption at 467 nm (Fig 1) 
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and by the amount of copper precipi- 
tated by a given concentration of 
tetrathiomolybdate in the bioassay 

k (Fig 2)-over the 72-week period of ob- 
‘servation: On the other hand, exposure 
to.air causes loss of most of the specific 

absorption by 31 weeks (Fig 1). How- 
ever, we found that capsules stored in 
a pharmacy bottle at room tempera- 
ture and opened repeatedly each day, 
as would be typical for patient use, 
were fully potent over an 8-week pe- 
riod (data not shown). 

The results of the copper and mo- 
lybdenum studies in the patients are 
shown. in Figs 3 through 8. In the first 

* patient studied (Fig 3) the initial dose 
“was 10 mg administered three times 
per. day with meals. This dose was es- 
ealated every 8 to 4 days until a daily 

- dose of 150 mg (50 mg three times per 
day with meals) was reached. While 
the effect on producing a negative cop- 
per balance was immediate (Fig 3), not 
much effect on copper and molybde- 
num values was noted until the dose 
was divided such that half was given 
between meals, in a six times per day 
program (day 8, Fig 3). This resulted in 
a prompt increase in the total plasma 

a copper level, much of which was insol- 
-able in trichloroacetic acid (it is char- 
acteristic of tetrathiomolybdate-com- 
„plexed copper to be trichloroacetic acid 
insoluble). The increase in the total 
‘plasma copper level was paralleled by 
an increase in the plasma molybdenum 
level. The ratio of NCPCu to molybde- 
num was close to unity by day 15 of 
therapy and thereafter (arrow, Fig 3). 
At no time did the patient’s condition 
deteriorate clinically. Blockade of oral 
copper 64 uptake was demonstrated 
(Fig 3). After 6 weeks, zinc acetate 
therapy was added, and, after 2 weeks 
of concomitant therapy, tetrathiomo- 
plybdate therapy was stopped. The 
” transition to zine therapy was smooth. 
This patient has now received therapy 
with zine for 2 years after initial treat- 
ment. with tetrathiomolybdate and is 
almost fully recovered and living a 
normal life. 

With subsequent patients (other 
than. patient 38), the final dose was 
higher (Table 2), particularly on a per 
kilogram body-weight basis, because 
we wished to reach control of copper 
levels in the blood as quickly as possi- 
ble. We also tended to shift a higher 
proportion of the dose to the between- 
meal fraction for the same reason (Ta- 
ble 2). 

.y In patient 61 (Fig 4), the plasma 
copper-molybdenum gap was elimi- 
nated in 17 days. For unknown rea- 
-sons, this patient’s negative copper 
balance was smaller than in the other 
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Fig 5.—Results of treatment of patient 63 with tetrathiomolybdate. This patient was discharged 
from the hospital for a period during the middie of the study but continued tetrathiomolybdate 


treatment at home. 
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Fig 6.—Results of treatment of patient 68 with tetrathiomolybdate. 


patients (Fig 4). The plasma copper- 
molybdenum gap was closed in 11 days 
in patient 63 (Fig 5) and in 14 days in 
patient 68 (Fig 6). Both of these latter 
patients showed consistent negative 
copper balances of about 0.5 mg/d or a 
little more. Patient 79 required 29 days 
to close the plasma copper-molybde- 
num gap (Fig 7). It is not clear why this 
patient took longer to reach this end 
point, although the patient did have 
the highest level of copper in the urine 


sample of the five patients receiving 
initial treatment (Table 1). 

Patient 38 was the patient with a 
compliance preblem with a very high 
initial level of copper in her urine 
sample (Table 1) and an NCPCu of 
about 7.5 pmol/L. Zine was reinsti- 
tuted as her maintenance therapy, and 
tetrathiomolybdate therapy was initi- 
ated as well. Her plasma copper- 
molybdenum gap was eliminated in 8 
days (Fig 8). This patient had exhib- 
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Fig 7.—Results of treatment of patient 79 with tetrathiomolybdate. 
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Fig 8.—As explained in the text, this patient had initially presented with neurological disease, but 
had long been treated with anticopper agents and was in the maintenance phase of therapy, with 
a stable clinical picture and mild-to-moderate neurological residual effects. She then inexplicably 
discontinued therapy. When admitted for a routine checkup, we found dangerously high urine, 
copper, and nonceruloplasmin plasma copper values and elevated liver-derived serum enzyme 
values. She was treated with a combination of zinc and tetrathiomolybdate, in an effort to prevent 


the development of new neurological symptoms. 


ited liver copper toxicity in terms of 


elevated enzyme values, and these ele- 


vated enzyme values decreased quickly 


-> with the combined tetrathiomolybdate 


and zine therapy (Table 3). 

- The rapid decrease in trichloroacetic 
acid-soluble copper in urine during the 
~. “period of tetrathiomolybdate therapy 
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in these six patients should also be 
noted (Table 4). 

The results of the quantitative neu- 
rological and speech examinations are 
shown in Table 5. Patient 38 is not in- 
cluded because of her different status. 
Of the four patients scored for neuro- 
logical status at the beginning and at 





the end of the 8-week tetrathiomolyb- 
date treatment, two: showed mild im- 
provement- añd two were unchanged. 
Of the five patients scored for dysar- 
thria, two showed mild improvement 
and three were unchanged. The most 
important finding is that none wors- 
ened. 

A patient deserving of special com- 
ment is patient 68. This patient had the 
most severe brain involvement de- 
tected by magnetic resonance imaging 
of the brain of any of our series of 61 
patients. He had involvement of white 
matter areas as well as basal ganglia. 
This patient’s course was similar to 
the other patients in that his neuro- 
logical symptoms referable to Wilson’s 
disease did not worsen. It was different 
in that his recovery was much less 
complete and that intermittent sei- 
zures developed. We do not believe the 
seizures are related to therapy with 
tetrathiomolybdate, but they are prob- 
ably due to the original brain damage. 
The only other patient in our series 
who had white matter lesions observed 
on magnetic resonance imaging scans 
also had seizures, and he had been 
treated only with penicillamine. 


COMMENT 


Two aspects of the results reported 
here on the first six patients treated 
with tetrathiomolybdate will be dis- 
cussed. The first aspect is an analysis 
of the preliminary results related to 
the drug and drug regimen—drug sta- 
bility, methods of storage, methods of 
assay, methods of administration, dose 
response, methods of evaluating end 
points of therapy in this setting, and 
methods of transition to maintenance 
anticopper agents. The second aspect 
relates to the therapeutic objective of 
quickly gaining control over copper 
toxicity and preventing neurological 
worsening. 

Addressing the first aspect, we be- 
lieve that we have evolved preliminary 
methodology that makes tetrathiomo- 
lybdate operationally quite usable. 
The active product is easily assayed, 
and we have a biological assay that 
confirms potency. The drug in bulk 
form stored under anaerobic condi- 
tions at room temperature is ade- 
quately stable. Under conditions of use 
by patients for 8 weeks it is also 
adequately stable. 

The therapeutic end points of inter- 
est with respect to copper were block- 
ade of intestinal copper absorption and 
neutralization of potentially toxic lev-, 
els of copper. We found that these end 
points could be effectively evaluated by 
using copper balance and blockade of 
copper 64 absorption for the first end 
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Table 3.—Response of Liver-Derived Serum Enzyme Values in Patient 38 


Day of Tetrathiomolybdate Therapy, U/L 






























phosphatase 


Normal Value, Baseline, — m.m 
Serum Enzyme U/L U/L 5 7 12 13 14 19 21 
_ Aspartate amino- 
_ transferase 2-35 70 46 42 41 43 47 34 35 
Alanine amino- 
transferase 2:35 166 67 70 72 75 66 58 65 
Lactic 
dehydrogenase 60-200 234 191 161 155 210 151 140 147 
Alkaline 


Table 4.—Response of Copper Values in Urine to Therapy * 


24-Hour Values (Trichloroacetic Acid Soluble), umol/d 


Patient 
NO. Baseline 


eens ements eterna, 


End of 
Tetrathiomolybdate Therapy 





56 3.4 


2.6 





61 2.1 


1.8 





63 3.4 


1.4 





68 5.0 


1.3 





79 5.2 


4.2 





38 7.6 


4.8 





Mean + SD 45+ 1.9 
*t= 3.47; P< 02. 
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No. initial End 








a Table 5.—Neurological and Speech Evaluation * 


Quantitative Neurological Rating 
peee e, arema n, 
interpretation 


2.6 + 1.5 


Dysarthria Rating 


initial End interpretation 



































20 17 Improved 5.5 4.5 improved 
31 24 improved 6 6 Unchanged 
21.5 21 Unchanged 45 3 Improved 
37 t 5 4.5 Unchanged 















*From Young et al.'? 


Unchanged 


2 





Unchanged 


+This patient's results were not scorabie at the time of the neurological examination because of sedation from 


antiseizure medication. 


point of interest, and the ratio of mo- 
lybdenum to NCPCu in plasma for the 
yw second. The latter determination can 
“þé used-to titrate the time point at 
which the NCPCu is fully occupied 
with tetrathiomolybdate. We found 
the use.of trichloroacetic acid copper 
solubility’ less reliable, particularly if 
the patient had had a significant 
amount of circulating ceruloplasmin. 
It appears that to obtain both mech- 
anisms of action a program of admin- 
istering the drug both with (to obtain 
blockade of copper absorption) and be- 
tween meals (to obtain tetrathiomo- 
lybdate absorption and neutralization 
of potentially toxic levels of copper) is 
optimal. It appears that a daily dose of 
2to 3 mg/kg of body weight, with a dis- 
ag tribution of drug approximately one 
third with meals and two thirds be- 
tween meals, achieves both effects. 
Blockade of copper absorption is imme- 
diate, while it took 8 to 29 days (mean, 
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16.7 days) to accomplish complete neu- 
tralization of NCPCu in plasma. 

We evaluated only one type of tran- 
sition to maintenance therapy, that to 
zinc acetate. This transition went 
smoothly. Based on unpublished ani- 
mal studies, we also believe that a pa- 
tient’s therapy could be transitioned to 
penicillamine or trien without diffi- 
culty. 

With regard to the second aspect, 
whether tetrathiomolybdate is supe- 
rior to other agents in the initial treat- 
ment of Wilson’s disease in terms of 
preventing worsening of neurological 
disease, obviously a more definitive 
study, possibly a side-by-side compar- 
ison, must be performed. The post hoc 
penicillamine study revealed that the 
condition of 13 of 25 patients 
worsened,’ and, in the present study 
with tetrathiomolybdate, the condi- 
tion of zero of five patients worsened 
(patient 38 cannot be counted because 


her situation was not one of initial . 
treatment). While these results are. 
statistically significant by x? analysis. 
(P < .05), they must be taken as only 
giving preliminary encouragement un- 

tila more definitive study is conducted.: 
In spite of the limited number of pa- 

tients studied, we believe these early- 
results with tetrathiomolybdate are 
quite exciting. From the theoretical 
standpoint, tetrathiomolybdate has 
ideal properties for quickly controlling 
copper toxicity, and these early results 
so far bear out the theoretical expec- . 
tation. No toxic reactions were ob- 
served from this therapy over the 8 
weeks of use in these patients. 
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The Neural Substrate of Memory Impairment 
Demonstrated by the Intracarotid Amobarbital Procedure 


Kimberlee J. Sass, PhD; Todd Lencz; Michael Westerveld, PhD; 
Robert A. Novelly, PhD; Dennis D. Spencer, MD; Jung H. Kim, MD 


@ The intracarotid amobarbital sodium 
.{Amytal) procedure (IAP) was performed 
for. 46 patients with temporal lobe epilepsy 
(21 with left seizure foci; 25 with right sei- 
zure foci). After anteromedial temporal 
lobectomy, neuronal densities were estab- 
lished for hippocampal subfields CA1, 
CA2, and CA3; the hilum; and the dentate 
granule cell layer. intracarotid amobar- 
bital procedure memory results were re- 
lated to CA3 neuronal loss only. Patients 
who did not demonstrate memory after in- 
jection contralateral to the seizure focus 
had significantly fewer ceils in CA3 than 
patients who did. Additionally, a signifi- 
cant correlation was observed between 
the intracarotid amobarbital procedure 
memory examination raw score after in- 
jection contralateral to the seizure focus 
and CA3 cell. density. Using x? analysis, 
significant differences were documented 
in the frequency with which memory was 
demonstrated after injection contralateral 
to the seizure focus for groups of patients 
classified by degree of CA3 neuronal loss. 
This finding supports prior research show- 
ing subfield specificity in some memory 
processes. 

(Arch Neurol. 1991;48:48-52) 


he intracarotid amobarbital so- 
dium (Amytal) procedure (IAP) 
originally involved only the assess- 
ment of language during unilateral 
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anesthetization. A brief memory as- 
sessment was added to the IAP' as a 
means of avoiding the amnesic syn- 
drome that oceasionally followed uni- 
lateral temporal lobectomy with hip- 
pocampectomy.’ Although IAP mem- 
ory findings are considered by many to 
be a measure of hippocampal func- 
tion,** few attempts have been made to 
demonstrate the correspondence of 
IAP memory findings and hippocam- 
pal damage. 

Rausch et alt found that patients 
with severe neuron loss throughout 
the hippocampus generally failed the 
IAP memory examination, but results 
in patients with moderate neuron loss 
were mixed. These authors did not ex- 
amine the hippocampal subfields indi- 
vidually. Sass et al’ demonstrated a 
relationship between clinical memory 
impairment and neuron loss only in 
CA3 and the hilar area. Rausch and 
coworkers’ use of a composite measure 
of neuron loss may have obscured the 
relationship between IAP memory 
performance and neuron loss in spe- 
cific subfields for those patients with 
only moderate hippocampal damage. 
The present report summarizes evi- 
dence of specificity in the relationship 
between hippocampal neuron loss and 
IAP memory performance. 


PATIENTS AND METHODS 
Patients 


Forty-six patients with medically refrac- 
tory epilepsy localized to the temporal lobe 
(21, to the left; 25, to the right) underwent 
the IAP prior to surgery. Seizure onset was 
localized using electroencephalography of 
the scalp with simultaneous audiovisual 
recording of at least three clinical seizures. 
In addition, 35 patients underwent invasive 


electroencephalographic evaluation (12 had 
depth electrodes, one had subdural elec- 
trodes, and 22 had both depth and subdural 
electrodes implanted). Computed tomogra- 
phy, magnetic resonance imaging, and an- 
giography detected no structural lesions 
(eg, tumors, vascular malformations, and 
infarcts). Mesial temporal sclerosis was not 
considered a structural lesion for purposes 
of this study. 

All patients were 16 years of age or older 
and left hemisphere dominant for speech. 
Every patient had a full-scale intelligence 
quotient above 70, as measured by the 
Wechsler Adult Intelligence Scale-Revised. 
Patients with left seizure foci did not differ 
significantly from patients with right sei- 
zure foci with regard to history of febrile 
convulsions, age of seizure intractability, or 
age at surgery. This information is sum- 
marized in Table 1. Excluding seizures dur- 
ing the acute postoperative period and 
those occurring with medication changes, 
40 patients were seizure free during the 
6-month period following surgery. The re- 
maining six patients (four with left foci, 
two with right foci) had at least an 80% re- 
duction in seizure frequency. 

IAP 

Patients were seizure free for at least 
12 hours before the IAP was performed. 
Both hemispheres were studied in all pa- 
tients, and the hemisphere with the sus- 
pected lesion was always injected with 
amobarbital first. The period between in- 
jections was approximately 1 hour in dura- 
tion. Prior to the procedure, a brief lan- 
guage examination was performed to detect 
any preexisting language disorder. This 
language examination assessed expository 
speech, comprehension, repetition, and 
naming. 

Catheterization of the internal carotid 
artery was achieved via a transfemoral ap- 
proach. One hundred thirty milligrams of 
10% amobarbital sodium, diluted in 100 mL 
of saline was injected manually. The dura- 
tion of the injection was approximately 


intracarotid Amobarbital Procedure—Sass et al 





ia 





4 seconds. When dense hemiplegia con- 
tralateral to the injection side was demon- 
strated, memory stimuli were presented 
„visually to the patient. The stimuli were 
‘similar in design for both hemispheres. 
These stimuli included two line drawings of 
common objects, two simple words, a col- 
-ored geometric form, and a simple arith- 
metic operation. Patients were asked to 
name the objects, to read the words, to 
identify the color and shape of the geomet- 
ric form, and to recite the arithmetic prob- 
lem. When the dominant hemisphere was 
injected, the patient could not comply with 
these commands, because he or she could 
not speak. However, the patient’s attention 
to stimuli could be demonstrated by accu- 
. rate visual tracking when the stimuli were 
* slowly moved: Each stimulus was exposed 
; for approximately 25 seconds, only during 
. the period of acute anesthetization. 
< o Identification of the memory stimuli dur- 
ing anesthetization constituted a portion of 
the language examination (ie, object nam- 
ing and reading). After the memory stimuli 
were presented, examination of spontane- 
ous speech, repetition, and comprehension 
continued. Approximately 10 minutes after 
the injection, if normal strength was dem- 
onstrated bilaterally and no aphasic signs 
were present, the patient was asked to 
recall the memory stimuli. For those items 
that were not recalled spontaneously, rec- 
4 ognition was tested by asking the patient to 
“select from four stimuli (one correct item 
and three foils) the one that had been 
exposed during the procedure. The patient’s 
test score was the sum of items recalled and 
recognized. Ordinarily, test scores of 2 or 
more (ie, at least 33% correct responses) 
were considered to reflect intact memory. 
However, to approximate the procedure 
used elsewhere,’ [AP memory results were 
also computed, with 4 points (ie, 67% cor- 
rect responses) required for a passing score. 
AILIAP memory results presented in this 
report refer to performance following in- 
jection of the hemisphere contralateral to 
the seizure focus. In other words, the re- 
sults refer to performance by the hemi- 
sphere ipsilateral to the seizure focus, 
povhere the operation would ultimately be 
performed. All patients demonstrated 
memory following injection of the hemi- 
sphere ipsilateral to the seizure focus, 
which is required for patients undergoing 
temporal lobectomy at our institution. 


Surgical Procedure and Tissue Analysis 


The surgical procedure and the method of 
tissue analysis used in this study were 
identical to those detailed in a previous 
publication.’ For the convenience of the 
reader, these procedures are reviewed here 
as well. 

All patients underwent anteromedial 
temporal lobectomy and radical hippocam- 
pectomy, without intraoperative cortical 
stimulation or electrocorticography. The 
anteromedial temporal lobectomy involved 
“@ small neocortical resection (3 to 3.5 em for 
the dominant hemisphere, 4 to 4.5 cm for 
the nondominant hemisphere). The cortical 
incision bisected the middle temporal gy- 
rus, sparing the superior temporal gyrus. 


Arch Neurol—Vol 48, January 1991 





Table 1.—Demographic Information A 


Seizure Foci 
ramea Namee, 












Left Right _ 
Group size 21 25 
Febrile convulsions 14 16 
Age at intractability, y 12.5 10.8 
Age at surgery, y 29.6 30.2 
Verbal IQ 


Pertormance IQ 


*1Q indicates intelligence quotient. 


Table 2.—Correlation of Intracarotid 
Amobarbital Procedure Memory 
Results and Pyramidal Cell Density 


Hilar Granule 
CA1 CA2 CA3 Area Area 


r i7 25 38" 12 13 
No. 46 39 43 46 45 


*P<.01. 








The hippocampus was exposed by dissec- 
tion of the occipitotemporal fasciculus. Me- 
dial structures, including the amygdala, 
parahippocampus, and hippocampal for- 
mation, were removed en bloc, using the 
operating microscope. The hippocampus 
was cut posteriorly at its curve around the 
superior colliculus. 

A coronal section, 2mm in thickness, was 
obtained from the midsection of the hip- 
pocampus. This was placed in 4% buffered 
formaldehyde solution in the operating 
room, and then transferred to the labora- 
tory for further fixation, dehydration, and 
paraffin embedding. Four paraffin sections, 
6 um in thickness, were stained with hema- 
toxylin-eosin, Luxol fast blue, and Nissl 
and/or Bodian method. However, the most 
successful results were obtained using he- 
matoxylin-eosin, and the majority of cases 
were processed in this fashion. 

Separate cell counts were obtained for 
CA1, CA2, CA3, the hilar area, and the 
granular layer of area dentata. Neuronal 
nuclei were counted in areas measuring 
200 X 400 um for the pyramidal cell fields 
and 50 X 100 um for the granule cell area. 
The neuronal counts were adjusted using 
Abercrombie’s formula (8 um was used for 
the nuclear diameter of pyramidal cells; 
and 6 mm, for granular neurons).* Five sep- 
arate areas were counted for each subfield, 
and the average for each subfield was com- 
puted. Separate counts were obtained from 
two observers who were blind with respect 
to presurgical examination findings. Neu- 
ronal densities are expressed as measures 
of volume (mean cell count per cubic milli- 
meter). 

Normative cell densities were estab- 
lished using tissue collected during autopsy 
of 14 adults who died of nonneurologic 
causes. Tissue was obtained within 8 hours 
post mortem. 


RESULTS 


Patients with epilepsy, contrasted 
with autopsy controls, had significant 
pyramidal cell loss in CA1, CA2, CA3, 


Table 3.—Cross Tabulation of 
intracarotid Amobarbital Procedure 
Memory Failures and Classification of 
CA3 Neuron Loss (N = 43) 


Standard 
Scoring 
Criterion 
_ permenant cence ntti, 
Fail Pass 
Severe neuron loss 9 3 
Moderate neuron loss 9 18 
Normal cell counts 1 3 





Table 4.——Cross Tabulation of 
intracarotid Amobarbital Procedure 
Memory Failures and Classification of 
CA3 Neuron Loss (N = 43) 


Conservative 
Scoring 
Criterion 
_eovveeennamnncnent aenea, 
Fail Pass 





Severe neuron loss 
Moderate neuron loss 
Normal cell counts 





and the hilum of area dentata (multi- 
variate analysis of variance results, 
P<.001). Granule cell densities 
within area dentata also were signifi- 
cantly less than those of the autopsy 
controls (P < .001). Neuron densities 
of patients whose seizure focus was 
identified by nonsurgical means (ie, 
electroencephalography of the scalp, 
neuropsychological examination, and 
IAP findings) did not differ signifi- 
cantly from those of patients who un- 
derwent depth electrode implantation 
or subdural electroencephalographic 
recording: 

The mean number of items recalled 
by patients with left temporal seizure 
foci following perfusion of the right 
hemisphere was 2.29 items (SD, 2.22 
items). Patients with right temporal 
seizure foci recalled an average of 1.96 
items (SD, 2.01 items) following per- 
fusion of the left hemisphere. The 
group difference was not statistically 
significant; therefore, lateralization of 
the seizure foci was not considered in 
subsequent analyses. 

Patients were classified by their suc- 
cess or failure in demonstrating mem- 
ory within the hemisphere in which 
surgery would ultimately be per- 
formed. Using our standard scoring 
criterion (pass, 2 or more points), 25 
patients demonstrated memory fol- 
lowing injection contralateral to the 
planned surgery site (ie, a pass) and 21 
did not (ie, a failure). Using the alter- 
native scoring criterion (pass, 4 or 
more points), 11 patients passed and 35 
failed. 
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Patients who failed the IAP memery 
examination had significantly fewer 
neurons in CA3(P < .01) than patients 
who passed the examination, regard- 
less of the scoring criterion (eg, 2 
points or 4 points). Pearson product 
moment correlations documented a 
statistically significant correlation be- 
tween IAP memory examination raw 
scores (range, 0 to 6) and CA3 volu- 
metric cell density (r = .38; P <.01) 
(Table 2). No other statistically signif- 
icant correlations or group differences 
were observed for any other hippo- 
campal subfield. 

Patients were divided into three 
groups using methodology similar to 
that of Rausch et al.* Rausch and col- 
leagues separated patients with less 
than 20% of the mean volumetric neu- 
ron measurement of the autopsy con- 
trols from those patients with less se- 
vere neuron loss. Patients in the 
present sample who had severe hip- 
pocampal neuron loss also were sepa- 
rated from the others. The classifica- 
tion was based only on the number of 
neurons in CA3, the only field in which 
neuron counts were related to IAP 
memory performance. The autopsy 
controls in Rausch and coworkers’ 
study had a mean volumetric neuron 
density of 21773 in CA3. Rausch et al® 
and Babb et al’ used the same normal 
controls. Rausch and associates estab- 
lished a criterion for the classification 
of severe neuron loss (80% the number 
of cells in autopsy controls reported by 
Babb and colleagues). However, they 
did not establish a normal range. For 
consistency in classification of pa- 
tients with severe neuron loss, we used 
the same criterion that they did. In the 
absence of any standard proposed by 
Rausch and coworkers, we established 
a normal range using our own autopsy 
controls. Patients in our sample whose 
volumetric neuron density was less 
than 4354.6 for CA3 (20% of 21773) 
were classified as having severe neuron 
loss (n = 12). 

Rausch et al* considered all other 
patients (ie, those with less than 80% 
neuron loss) to have moderate neuron 
loss. Inspection of our data indicated 
that some patients had minimal or no 
neuron loss. Therefore, a third group 
was identified. Patients whose neuron 
counts were within two standard devi- 
ations of mean volumetric neuron den- 
sity observed for our autopsy control 
sample were classified as having nor- 
mal neuron counts (n = 4). All others 
were classified as having moderate 
neuron loss (n = 27). The tissue sam- 
ples for three patients were not suit- 
able for establishing the volumetric 
cell density of CA3. Therefore, only 43 
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of 46 patients were classified according 
to CA3 neuron loss. 

The IAP memory findings (pass or 
fail) for the side that was operated on 
were cross tabulated with neuron den- 
sity classifications (ie, severe neuron 
loss, moderate neuron loss, and nor- 
mal). These cross tabulations are 
shown in Tables 3 (pass, 2 items or 
more) and 4 (pass, 4 items or more). 
Failures during the IAP memory ex- 
amination were increasingly more fre- 
quent with greater neuron loss. The x? 
analysis was statistically significant, 
regardless of the scoring criterion 
(P < .05). 


COMMENT 


In 1958, Penfield and Milner" re- 
ported two cases of persistent antero- 
grade amnesia following unilateral 
temporal lobectomy with hippocam- 
pectomy. These two cases of amnesia 
were quantitatively similar to the syn- 
drome observed following bilateral 
hippocampectomy,"' so Penfield and 
Milner suspected the presence of a le- 
sion in the temporal lobe contralateral 
to the surgical procedure. Hippocam- 
pal injury contralateral to the surgical 
excision was ultimately demonstrated 
at autopsy. Later, Milner et al! re- 
ported “a severe and lasting memory 
disturbance” following unilateral tem- 
poral lobectomy with hippocampec- 
tomy in three of 18 patients with 
bilateral electroencephalographic or 
radiological evidence of damage to the 
temporal lobes. 

Milner et al! proposed that severe 
postoperative memory impairments 
following unilateral temporal lobec- 
tomy with hippocampectomy could be 
avoided by a technique that accurately 
assessed the integrity of each hippo- 
campal formation. At the time, the 
IAP was becoming accepted as a reli- 
able technique for determining speech 
lateralization. Milner and coworkers 
hypothesized that when the hemi- 
sphere that had been selected for sur- 
gery was temporarily anesthetized 
with amobarbital sodium, memory ex- 
amination would identify “a lesion in- 
volving the hippocampal zone of the 
opposite hemisphere.” Consequently, 
they added a brief memory assessment 
to the IAP. 

Initially, Milner et al' encountered 
failures on the IAP memory test only 
after injection contralateral to the side 
of the proposed surgery (ie, when the 
side of the suspected lesion was exam- 
ined). These cases posed no risk for 
postoperative amnesia, because ade- 
quate memory function was present in 
the contralateral hemisphere. Later, 
Milner’ encountered memory impair- 





ments after injection of the hem 
sphere ipsilateral to the proposed sui 
gery. When this result was obtaine 
the patient was not denied surgen 
Instead, the surgical procedure fc 
these patients was modified to spar 
the hippocampus and parahippocarr 
pal gyrus, based on the belief that IA 
memory failure indicated a damage 
hippocampus contralateral to the in 
jection side’ Milner? reported thre 
cases in which a patient, having faile. 
to demonstrate adequate memory o 
the side contralateral to the propose 
surgery, underwent temporal lobec 
tomy in which the hippocampus wa 
spared. None of the patients involve 
became amnesic. 

In the years since its development 
the IAP memory examination has be 
come a routine component of the pre 
surgical evaluation of patients wit] 
medically refractory epilepsy." Liki 
Milner, many researchers believe the 
IAP is a measure of medial tempora 
lobe or, specifically, of hippocampa 
function. This interpretation is some 
times stated explicitly. In other re 
ports, the connection between IAI 
memory performance and hippocam. 
pal functioning can be inferred from 
the practice of preserving the hippo- 
campus during surgery for patient: 
who failed to demonstrate memory 
contralateral to the surgical site (ie 
when the ipsilateral hemisphere was 
perfused). 

Several studies have shown that the 
likelihood of IAP memory failure is 
greater when the hemisphere con- 
tralateral to the seizure focus is per- 
fused. However, there has beer 
little direct evidence that the IAP is 
sensitive to the degree of hippocampa. 
damage. 

Rausch et alf examined the memory 
of 30 patients during the IAP. Quanti- 
fied pyramidal cell counts for the sub- 
fields of the hippocampus and the pro- 
subiculum were obtained for 29 of the 
30 patients following unilateral tem- 
poral lobectomy and hippocampecto- 
my. Neuron densities were established 
for anterior and posterior planes, the 
latter defined as 3 cm from the anterior 
aspect of the hippocampus. Four of five 
patients with severe hippocampal 
damage, operationally defined as more 
than 80% neuron loss, failed to dem- 
onstrate memory from the hemisphere 
selected for surgery (ie, following per- 
fusion of the hemisphere contralateral 
to the seizure focus). In contrast, only 
58% of patients with moderate neuron 
loss failed to demonstrate memory 
during the IAP. Rausch et al* noted 
that, “Several patients with minimal 
hippocampal damage failed [AP mem- 
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ory testing on contralateral injection, 
while patients with more marked dam- 
age passed the IAP memory com- 


į ponent.” The authors concluded that 


’ IAP memory failure in patients with 
severe hippocampal damage was the 
result of the neuron loss. They sug- 
gested that IAP memory failures by 
patients with moderate neuron loss 
could have involved recent seizure phe- 
nomena or interictal epileptiform ac- 
tivity. Nevertheless, they regard all 
IAP memory failures as “indicative of 
significant surgical risk to global 
memory.” 

The present study was designed to 
further examine the sensitivity of the 
IAP memory examination to hippo- 
campal neuron loss. Rausch and 
colleagues” measure of hippocampal 
neuron loss was a composite of five 
fields. A previous report of the rela- 
tionship between hippocampal neuron 
loss and clinical memory indicated 
that only neuron loss in CA3 and the 
hilum correlated with memory 
impairment.’ The present study was 
designed to determine whether hip- 
pocampal subfield specificity exists 
with respect to the IAP memory find- 
. ings. 

Patient selection criteria for the 
present study were virtually identical 
to those of Rausch et al.* In both sam- 
ples, localization of seizure onset 
rather than interictal spiking was the 
criterion for surgical planning. A com- 
parable number of patients in each 
study were selected by depth electrode 
implantation, subdural recordings, 
and surface recording only. The pa- 
tients were approximately the same 
age when habitual seizures began and 
at surgery. The rate of failures on the 
IAP memory examination was similar. 
Rausch and associates reported fail- 


ures in 19 (66% ) of 29 patients. Using 


their scoring criterion, we observed 
memory failures in a comparable num- 
ber of patients (35 [76% ] of 46). Surgi- 
eal techniques were similar, except 
that the procedure described herein 
resulted in a more radical excision of 
the hippocampus. Even so, the section 
obtained for analysis in this study 
corresponded to the posterior section 
obtained by Rausch et al.‘ 

In the present sample, [AP memory 
results were related to neuron loss only 
in CA3. This relationship was demon- 
strated in three ways. Patients failing 
the IAP had significantly fewer neu- 
rons in CA3 than patients who had 
ag passed, regardless of the scoring crite- 
rion (eg, 2 or 4 items required for a 
passing score). A significant correla- 
tion was observed between IAP mem- 
ory examination raw score and CA3 
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neuron density. x? Analyses documen- 
ted differences in the frequency of IAP 
memory failures, regardless of scoring 
criterion, in groups of patients classi- 
fied according to the degree of neuron 
loss in CA3. 

By classifying patients only accord- 
ing to neuron loss in CA3, we identified 
a greater number of patients with se- 
vere neuron loss (12 [28% | of 43). Only 
five (17% ) of 29 patients in the study of 
Rausch et alt were classified as having 
severe neuron loss using the composite 
index. Patients with severe neuron loss 
could reasonably have been expected to 
fail the JAP memory examination. 
Four of the five patients in Rausch and 
coworkers’ sample and all 12 of the 
patients in our sample did so (using 
Rausch and coworkers’ scoring crite- 
rion). By classifying patients only by 
neuron loss in CA3, we also identified 
four patients (9%) with normal cell 
counts. These four patients could rea- 
sonably have been expected to pass the 
IAP memory examination, and three 
of them did. Altogether, classifying 
patients only on the basis of neuron 
loss in CA3 allowed us to make rea- 
sonable predictions regarding IAP 
memory performance for 37% of our 
sample (16 of 43 patients), and 94% of 
these (15 of 16) performed as expected. 
In contrast, Rausch and colleagues’ 
classification system identified only 
17% of the sample about whom rea- 
sonable predictions could be made, and 
only 80% of these performed as ex- 
pected. 

The findings of the present study 
and the contrast of this study with that 
of Rausch et alt suggest that specificity 
with regard to subfield exists in the 
relationship of IAP memory perfor- 
mance and hippocampal neuron loss. 
This finding is consistent with that of 
a prior study showing similar specific- 
ity in the relationship of clinical mem- 
ory (eg, list learning) and hippocampal 
neuron loss.’ Sass et al’ reported that 
performance on the verbal Selective 
Reminding Test correlated only with 
CA3 and hilar neuron loss in patients 
with left temporal seizure foci. 

Like Rausch et al,° we observed 
mixed results in patients with moder- 
ate neuron loss. Rausch and associates 
reported that 14 (58%) of 24 patients 
with moderate neuron loss failed to 
demonstrate memory during the IAP. 
Several explanations for these failures 
were offered. These included recent 
seizure phenomena or interictal epi- 
leptiform activity; the role of the hip- 
pocampal lesion was minimized. 
Rausch and coworkers appeared to in- 
terpret IAP memory failures in the 
moderate neuron loss group as false- 


positive errors (with respect to docu- 
menting severe neuron loss). Using 
their scoring criterion, 19 (70%) of 27 
patients in our sample with moderate 
neuron loss in CA3 failed the IAP 
memory examination. We believe the 
hippocampal lesion was central to 
these failures. Therefore, we are in- 
clined to interpret adequate demon- 
stration of memory during the IAP by 
patients with moderate neuron loss as 
false-negative errors (with respect to 
documenting the neuron loss in CA3). 

There can be several reasons why 
moderate neuron loss in CA3 may be 
associated with intact memory during 
the IAP. Rausch et al‘ reported a rela- 
tionship between perfusion of the pos- 
terior circulation and IAP failure for a 
portion of their sample (ie, those with 
severe neuron loss). The cerebral vas- 
culature also varies with regard to 
filling of the anterior cerebral distri- 
bution from a middle cerebral injec- 
tion. The reappearance of contralat- 
eral motor function or speech is used 
as an index of hemispheric recovery 
from anesthetization. Variance in vas- 
cular distribution of the frontal areas, 
as well as variance in the threshold for 
anesthetization and rate of recovery of 
frontal vs medial temporal areas, may 
lead to participation of the injected 
hemisphere in the mnemonic process, 
despite the presence of contralateral 
hemiplegia or mutism/dysphasia. Fi- 
nally, recognition memory is tested in 
a multiple choice format. With a ratio 
of 3:1 (foils to targets), chance re- 
sponding would yield an average score 
of 1.67 correct. The possibility that 
some patients correctly guessed one or 
more stimuli must be considered. We 
minimize this by scoring items as cor- 
rect only if the patient reports a clear 
recognition of the item (ie, he or she is 
not guessing). However, it is impossi- 
ble to control completely for guessing. 

The overwhelming majority of pa- 
tients in our sample failed to demon- 
strate memory from the side of seizure 
focus (ie, after perfusion of the hemi- 
sphere contralateral to the seizure fo- 
cus) during the IAP memory examina- 
tion (using the scoring criterion of 
Rausch et alt). All but one of the 
patients who failed the IAP memory 
examination had moderate or severe 
neuron loss in CA3. Furthermore, a 
significant relationship between mod- 
erate or severe neuron loss in CA3 and 
clinical memory has also been dem- 
onstrated.’ The results of the present 
study indicate that failure to demon- 
strate memory following anesthetiza- 
tion of the hemisphere that will be op- 
erated on identifies patients at risk for 
significant postoperative memory im- 
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pairments. These data support the 
practice of denying surgery to patients 
who fail to demonstrate memory dur- 
ing the IAP from the hemisphere that 
will remain intact after the planned 
surgery. 

These findings and those of Sass et 
al’ demonstrate a relationship be- 
tween damage in CA3 and some types 
of memory impairments. Although 
noting this correlation, we do not as- 
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cribe to CA3.a special role with regard 
to some specific aspect of memory. 
Neuroanatomical studies have shown 
CA3 to be part of a neural network that 
includes CA1 and the subiculum.'*” 
Zola-Morgan et al reported memory 
impairments in a patient with bilat- 
eral CA1 lesions. Jarrard et al?” re- 
ported that damage to the subiculum 
had a causative role with regard to 
some memory impairments in ani- 
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NIMOTOP modulates calcium influx to promote cerebral perfusion, 
and may directly protect neurons’ 
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INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients 
who are in good neurological condition post-ictus (e.g. Hunt and Hess Grades LHI). Oral 
oa therapy should begin within 96 hours of the subarachnoid hemorrhage and continue 

for 21 days. 
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PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
rhage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during rrearment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and be rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

y Test Interactions: None known. 
= Interaction: It is possible that the cardiovascular action of other calcium channel 
“ blockers could be enhanced by the addition of Nimotop®. 

Jn Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
© not observed in North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 

«than in placebo controls. The differences were not statistically significant; however, the higher 
“rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 91-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal rests were negative. 
Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg 
patient, 
Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
iù Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by 
` gavage) doses of I and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3,0 mg/kg/day in one of two identical rabbit studies. In the second study an increased incidence 
of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryo- 
toxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
30 mg/kg/day nimodipine administered by gavage from day 16 of gestation and continued until 

; sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations, There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses. 
Nimodipine should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS ; 
: Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
2 (1.2%) who were given nimodipine. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 














are displayed below by dose. 
DOSE q4h 
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0.35 mg/kg 30mg 60 mg 90 mg 120 mg 
Sign/Symptom (n= 82) (n= 71) (n= 494) (n= 172) (n=4) (n= 479) 
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Nimodipine Placebo 
0.35 mg/kg mg 60 mg 90 ing 120 mg 
Sign/Symptom (n= 82) (n=71) (n= 494) (n= 172) (n=4) (n= 479 
Nausea 1(1.2) 1(1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea T(L2 0 0 0 0 0 
EKG 
Abnormalities 0 1(14) 0 1(0.6) 0 ie 
Tachycardia 0 1(1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 10.6) 0 0 
Acne 0 1(L4) 0 0 0 0 
Depression 0 1(1.4) 0 Q 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/ky 
4h, 30 mg g4h or 120 mg qth. Adverse experiences with an incidence rate of less than 1% in the 
60 mg qth dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lighthea 
dedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg qth dose group were 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminatec 
intravascular coagulation; deep vein thrombosis, 

As can be seen from the table, side effects that appear related to nimodipine use based or 
increased incidence with higher dose or a higher rate compared, to placebo control, include 
decreased blood pressure, edema and headaches which are known pharmacologic actions o 
calcium channel lockers. It must be noted, however, that SAH is frequently accompanied m 
alterations in consciousness which lead to an under reporting of adverse experiences. Patient: 
who received nimodipine in clinical trials for other indications pone flushing (2.1%) 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. As: 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure ir 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy. 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet count: 
(0.3%), elevated alkaline phosphatase levels (0, 2%) and elevated SGPT levels (0.2%) have beer 
reported rarely. 
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peripheral vasodilation with marked systemic hypotension. Clinically significant hypotensior 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine o 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 
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Dominant-Side Intracarotid Amobarbital 
Spares Comprehension of Word Meaning 


John Hart, Jr, MD; Ronald P. Lesser, MD; Robert S. Fisher, MD, PhD; Pamela Schwerdt; 


R. Nicholas Bryan, MD, PhD; Barry Gordon, MD, PhD 


---@ Abolition of speech production after 
intracarotid amobarbital injection is gen- 
erally considered evidence for language 
laterality. However, complex auditory 
comprehension may be preserved after 
injection of the dominant (left) side. The 
possibility that this sparing may be due to 
the intracarotid amobarbital! injection not 
adequately deactivating some of the areas 
responsible for speech comprehension in 
the posterior part of the hemisphere was 
tested with a task known to be critically 
dependent on the left posterotemporal-in- 
feroparietal region, one assessing visuo- 


. verbal semantic relatedness. Even when 


the intracarotid injection of the left side 
produced marked deficits of speech pro- 
duction, comprehension of semantic rela- 
tions was still intact in eight of 15 patients. 
Ten of these 15 patients also received 
tight carotid injections, none of which af- 
fected comprehension of semantic relat- 
edness. These data indicate that the in- 
tracarotid amobarbital injection cannot al- 
ways specify the laterality of all language 
functions, an important concern when 
considering surgical procedures in the 
dominant posterotemporal-inferoparietal 
region. 
(Arch Neurol. 1991;48:55-58) 


he- intracarotid amobarbital test 
has been used extensively as one 
probe of cerebral lateralization of lan- 
guage and memory.’* Its use for this 
purpose is based on three assumptions. 
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The first is that amobarbital in suffi- 
cient quantity will functionally deac- 
tivate the regions through which it 
flows. The second is that carotid injec- 
tion of amobarbital can reach all brain 
areas of one hemisphere that are in- 
volved in language. The third is that 
there is no substitution for these lan- 


_guage functions by either ipsilateral or 


contralateral hemispheric regions, at 
least over the short interval of the test. 

These assumptions may not all be 
correct, as sore results obtained with 
this technique have been difficult to 
reconcile with other results obtained 
similarly. For example, left (domi- 
nant) intracarotid amobarbital injec- 
tion will suppress speech production? 
and impair comprehension of com- 
mands to point to simple shapes,’ yet 
spare comprehension of commands to 
move body parts.’ Such findings sug- 
gest that language impairment during 
Wada’ testing cannot be viewed as an 
all-or-nothing phenomenon. 

We propose that some important 
language comprehension functions of 
the left hemisphere may not be af- 
fected by left intracarotid amobarbital 
injection, in particular, those critically 
dependent on the left posterotempo- 
ral-inferoparietal region.*’ To test this 
hypothesis, we studied performance on 
a task known to be specifically sensi- 
tive to damage in these regions, the 
ability to comprehend the semantic 
relatedness between a picture and a 
word,’ and compared performance on 
this task with the ability to name and 
read orally the individual items during 
the interval of amobarbital action. 


PATIENTS AND METHODS 
Patients 


Data from 15 patients were selected from 
those of 22 consecutive patients studied 
during a 10-month interval. All examina- 
tions were performed as part of the clinical 
examination of medically intractable epi- 


lepsy. All patients gave informed consent 

after the nature of the procedure was fully 
explained. The 15 patients selected for this’. 
study met the following criteria: (1) normal 
language and neuropsychologic abilities on 
baseline clinical testing, (2) either left- 
sided or bilateral injections, (3) absence of. 
significant cross-over of dye to the con-) 
tralateral hemisphere during the angio- 

gram, and (4) completion of the clinical 

protocol to be described. Patient profiles are’ 
summarized in Table 1. 


Procedures 


For the intracarotid amobarbital injec-: 
tion, the internal carotid artery was cathe- 
terized transfemorally. Digital subtraction 
angiography or cut-film angiography was 
then performed, using pressure injection. < 
Following the angiogram, a 5F catheter was 
positioned under fluoroscopic guidance in 
the internal carotid artery at the level of 
the C-2 vertebra. Amobarbital (125 mg in 1 
mL of warmed sterile water) was given 
through the catheter by hand injection over 
the course of 2 to 3 seconds, as previously 
described.?*"" The patient’s clinical status 
was monitored with strength testing of the» 
arms intermittently and with continuous. 
10-channel electroencephalogram (EEG) 
recording, using a modified longitudinal bi- 
polar montage (except for one patient who 
had a transverse montage). The derivation 
used was the following: F,,-F;, FoTo TiTa 
FF o FoTo TTo Fy-Cs, Cs-Ps, Pes, and 

aE g 

Language and memory testing was begun 
using a standard protocol when adequate 
hemispherie deactivation was attained uni- 
laterally, as determined by flaccid paralysis 
contralaterally and anterior EEG slowing 
ipsilaterally, and after resolution of any 
initial period of inattention or confusion. 
First, six objects were presented visually. 
for naming and remembering,’ followed by 
two words for reading, two pictures for 
naming, the picture-word association task 
to be described, and further tasks of lan- 
guage and visuospatial function (including: 
oral reading of concrete and abstract. 
words, category membership, property 
judgment, relative distance discrimination, 
and imagery tasks). When tested on the 
picture-word association task, all patients 
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Side of 
Language 
Dominance 


Age of 
Patient No./ Education, Seizure Onset, 
Age, y Handedness y y 
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*EEG indicates electroencephalogram; CT, computed tomography; MRI, magnetic resonance imaging; B, bilateral; and M, mixed (dominance). 


had, at most, 3/5 strength of the contralat- 
= eral arm (weak movement against gravity), 
and all had slowing on the EEG ipsilateral- 
ly. 

The picture-word association task con- 
sisted of a picture (top) and a word (bottom) 
on a sheet of paper (21.25 x 27.5 cm 
[81 X 11 in]). There were four trials, two 
with semantically associated picture-word 
pairs (eg, bed [picture] and sleep [word]), 
and two with unrelated pairs (eg, bus [pic- 
ture] and scale [word]). The patient’s task 

< was to name the picture, read the word, and 
then decide if the two items were related by 
category or function (semantic-relatedness 
task). The patients had been trained on 
these tasks in pretesting, and their training 
was reinforced by auditory prompting dur- 
ing the test (“Do these go together?” “Are 
these related?”). Patients responded either 
orally (yes or no), by nodding or shaking 
their head, or by performing hand gestures 
(on which they had been trained previous- 
ly). Naming the pictures and reading the 
words used in the task was performed at the 
same time as semantic relatedness. 

All tasks were pretested the day prior to 
the procedure using stimuli different from 
those used during the actual test. This pre- 
testing familiarized patients with the pro- 


¿= cedures and established their baseline lev- 


els of performance. Also, patients were 

warned what to expect in terms of paraly- 

gis, disorientation, and inability to speak 
but not about specific deficits. 


RESULTS 


For all of the language tests in our 
standard protocol, all of the patients 
-performed perfectly on pretesting. 
‘Performance on language tests (other 
than the semantic-relatedness task) 
< during the critical phase of the injec- 
‘tion clearly distinguished three groups 
(Table 1): 12 of 15 patients with im- 
paired language during injection of the 
left side, interpreted as showing left- 
Sided language dominance: two of 15 
“patients showing language impair- 
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ment with injection of either carotid 
artery, interpreted as mixed domi- 
nance; and one of 15 patients showing 
impairment with injection of the right 
side only, interpreted as right-sided 
language dominance. 

On semantic relatedness, all pa- 
tients performed perfectly (four of 
four correct) during pretesting. There- 
fore, any score less than 100% correct 
during the injection was considered 
impaired. Striking dissociations in 
performance between speech produc- 
tion (naming and reading) and com- 
prehension of the semantic related- 
ness of the stimulus pairs were noted 
(Table 2). After injection of amobar- 
bital into the left internal carotid ar- 
tery 14 of 15 patients had marked im- 
pairment on both oral word reading 
and picture naming, yet 8 (53%) of 15 
patients could still determine whether 
or not the items were related by cate- 
gory or function (Table 2). This per- 
centage is even greater (58%) if the 
four patients who were left-handed or 
showed crossed or mixed dominance 
are excluded. 

After injection of amobarbital into 
the right internal carotid artery, how- 
ever, semantic relatedness was intact 
for all patients (Table 3), including the 
patients with crossed or mixed domi- 
nance (patient 8, crossed, and patients 
12 and 15, mixed). 

We also examined two other possible 
indexes of amobarbital perfusion of 
the posterotemporal-inferoparietal 
region, ie, the arteriographic findings 
and the EEG. The arteriograms were 
reviewed by a neuroradiologist 
(R.N.B.) blinded to the identity of the 
patients and the results of the study, 
examining for pattern of vessels and 
degree of opacification of the posterior 
cerebral artery. In no patient did the 


Table 2.—Summary of Semantic 
Relatedness, Naming, and Reading 
Performance on the Picture-Word 
Association Task, Left Amobarbital 
Injection* 


Semantic 
Related- 
nesst 


— 
Naming Reading 














30/30 7/30 
Impaired Group 
3/4 1/4 
3/4 1/4 
0/4 0/4 
2/4 1/4 
2/4 3/4 
2/4 0/4 
0/4 0/4 
Total (n = 7) 12/28 6/28 
*The fraction represents the number correct di- 
vided by the total number of items. 
tPatient with crossed language dominance. 
Overall, performance on the semantic relatedness 


task was significantly greater than chance (P < .001, 
binomial test). 


Total (n = 8) 


























posterior cerebral artery have a direct 
origin from the anterior circulation. 
No correlation between the degree of 
opacification and the pattern of per- 
formance was found. 

The EEG data were also examined. 
These data were available in all but 
three patients (patient 15 had a trans- 
verse montage that did not include the 
T, or T, electrodes, the data from 
patient 6 was uninterpretable because 
of movement artifact, and the data 
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Table 3.— Summary of Semantic Relatedness, Naming, and Reading Performance on 
the Picture-Word Association Task, Right Amobarbital Injection* 


Semantic 
Relatedness 


Patient 


Naming Reading 





intact Group (by Left Injection) 


4/4 


3/4 4/4 





4/4 


4/4 3/4 





4/4 


4/4 4/4 





4/4 


4/4 





4/4 


3/4 





20/20 


18/20 


impaired Group (by Left injection) 


4l4 


4/4 








Al4 


4/4 





4/4 


4/4 





4/4 


4/4 





15 4/4 


414 





Total (n = 5) 20/20 


20/20 





*The traction represents the number correct divided by the total number of items. 
{Patient with crossed language dominance. 


from patient 4’s EEG were unavail- 
able). As a measure of the perfusion of 
amobarbital in the posterotemporal- 
inferoparietal region, the degree of 
slowing seen in the T,-T, electrode pair 
(left anterior temporal to posterior 
temporal sites) was compared with 
that seen in the left F,-T; pair (left in- 
ferior frontal to anterior temporal 
sites), along with similar comparisons 
of the activity on the right side. In all 
patients but patient 14, slowing was 
greater anteriorly than posteriorly; in 
patient 14, the degree of slowing seen 
in the two derivations was equal. 
Therefore, for all subjects except pa- 
tient 14 the degree of slowing posteri- 
orly was less than the degree of slow- 
ing anteriorly, with no correlation 
with performance on the semantic-re- 
latedness task. 
Whether subjects could perform the 
semantic-relatedness task was not sig- 
wnificantly related to age (t=14, 
P = 18). However, subjects who failed 
the task did have a significantly 
shorter duration of seizures than did 
those who passed the test (6.4 years vs 
18.2 years, respectively) (t= 2.59, 
P = 03). Also, those who failed the test 
were much more likely to have had a 
visible lesion on either side than did 
those who did not fail (six vs one, sig- 
nificant by both x? and sign tests, 
P < 01). Time of testing following the 
amobarbital injection did not show a 
significant difference in the perfor- 
mance of the semantic-relatedness 
task for the left hemisphere injections 
(for intact vs impaired performance, 
a ~.23, df = 13, P = 82). The seman- 
tie-relatedness task after right hemi- 
sphere injection was performed ear- 
lier; on the average, than were the se- 
mantic-relatedness tasks after left 
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hemisphere injection (t= —2.44, 
df = 23, P = .02). Despite this earlier 
testing, during a time of, presumably, 
greater effect from the amobarbital 
injections, no deficit was found on the 
semantic-relatedness task after the 
right hemisphere injections, as noted 
earlier. 


COMMENT 


Patients who received left hemi- 
sphere amobarbital injections were 
generally severely impaired in their 
ability to read aloud or name pictures 
after receiving the injection, except for 
the patient with crossed dominance. 
Despite these language impairments, 
our critical finding was that 53% of 
these patients were, nevertheless, able 
to match perfectly the same visually 
presented words to their correspond- 
ing pictures by their meanings or as- 
sociations. If the four patients who 
were left-handed or showed crossed or 
mixed dominance on amobarbital test- 
ing are excluded, the percentage is 
even greater (58%). We suggest that 
the most parsimonious explanation of 
this sparing is that, even though the 
left posterotemporal-inferoparietal 
region is critical for this ability, this 
region may not be sufficiently affected 
by intracarotid amobarbital infusion 
in those individuals with spared per- 
formance. 

Previous work has established that 
correct performance on the semantic- 
relatedness task is critically depen- 
dent on the integrity of the poster- 
otemporal-inferoparietal region, but 
only in the left (dominant) hemi- 
sphere.*? Right hemisphere lesions do 
not cause semantic errors on picture- 
word matching,” although other se- 
mantic functions are influenced by the 


right hemisphere." 

Individual variability in vascular 
supply is well recognized. It appears 
that the posterotemporal-inferopari- 
etal region is variably nourished by 
both the middle cerebral artery and 
the posterior cerebral artery,'*" with a 
watershed area supplied by both.'* Pa- 
tients with infarcts in this watershed 
region typically present with poor 
comprehension with frequent seman- 
tic paraphasias, yet display otherwise 
fluent speech production.” Since the 
watershed region of infarction typi- 
cally involves the posterotemporal re- 
gion, the implication for amobarbital 
testing is that portions of the poster- 
otemporal region are not principally 
supplied through the carotid system. 
Moreover, the portions that are sup- 
plied through the carotid system may 
be subject to dilution and rapid wash- 
out, conceivably by the vertebrobasilar 
system.'* Therefore, individual varia- 
tions in vascular supply and, perhaps, 
in cerebral representation of lan- 
guage,” seem sufficient to account for 
the observed individual variations in 
susceptibility to impairment on se- 
mantic relatedness by intracarotid 
amobarbital injection. 

This hypothesized difference in per- 
fusion could not be appreciated with 
either the arteriographic or EEG tech- 
niques used. These techniques, it 
should be emphasized, may not have 
been optimal for addressing this ques- 
tion. The arteriographic investiga- 
tions used pressure injection, while the 
amobarbital investigations used hand 
injection. The EEG montage did not 
cover all regions of possible impor- 
tance. 

Another explanation of these data is 
possible, although it is one that we 
think is less likely: the language abil- 
ities necessary for the semantic-relat- 
edness task had, somehow, shifted 
elsewhere in the left hemisphere, or 
even to the right hemisphere, in those 
patients who were able to accomplish 
the task. The cause of this shift would 
have been the effects of their longer 
seizure histories or, perhaps, whatever 
underlying condition led to their sei- 
zure disorders, in the absence of a vis- 
ible-mass lesion. While shifts in intra- 
hemispheric language organization 
have been demonstrated in patients 
with chronic epilepsy,” these shifts 
almost never oecur except with lesions 
encroaching on the primary speech 
areas.” None of the eight patients who 
passed our semantic-relatedness test 
had such lesions. In one patient of this 
group (patient 1) who had a lesion vis- 
ible on computed tomographic and 
magnetic resonance imaging scans, 
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“< the lesion was in the middle portion of 


. othe superotemporal gyrus, outside of 


the primary speech area as shown by 
extraoperative direct cortical electri- 
eal stimulation? and excisional sur- 
gery. 

It is even less likely that our data are 
due to a displacement of language 
functions to the opposite hemisphere. 
None of the eight patients who passed 
the semantic-relatedness task after 
amobarbital injection into the left ca- 
rotid artery had the lesions that have 
been associated with such a shift.” 
More direct evidence comes from the 
finding that five of these eight patients 
who also received an amobarbital in- 
jection into the right carotid artery 
presented with no impairment of se- 
mantic comprehension. Additionally, 
seven of eight patients had other lan- 
guage functions still strongly lateral- 
ized to the left hemisphere. This was 
shown by intracarotid amobarbital 
testing in all patients and by the im- 
pairment of both speech comprehen- 
sion and production in response to di- 
rect cortical electrical stimulation in 
three of eight patients who also un- 
derwent such mapping.” In general, 
the right hemisphere does not appear 
to normally possess the ability to in- 
dependently make judgments of se- 
mantic relatedness. Evidence for this 
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finding comes from (1) patients who 
underwent a left hemispherectomy,” 
and (2) lateralized right hemisphere 
testing of patients who underwent a 
commissurotomy.*” Therefore, the 
possibility that the right hemisphere 
could be performing this function in 
our subjects seems remote. 

Therefore, the significance of these 
data is the following: the intracarotid 
amobarbital test can be used reliably 
only for determining lateralization of 
speech-production ability and other 
functions subserved by the anterior 
circulation. The intracarotid amobar- 
bital test does not reliably assess all of 
the speech-comprehension functions 
subserved by the posterior circulation. 

More generally, the intracarotid 
amobarbital test cannot be expected to 
reliably affect the functions of the 
posterior territory of the middle cere- 
bral artery. Therefore, conclusions 
drawn from the intracarotid amobar- 
bital test about the laterality (or lack 
thereof) of functions thought to be as- 
sociated with these regions, such as 
attentional mechanisms,” may have to 
be interpreted with caution. 

The practical significance of our 
data is that the intracarotid amobar- 
bital test cannot be completely relied 
on to determine the laterality of all 
language functions, because of the 
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e Complaints of poor memory by pa- 
tients may be an early symptom of a 
pathologic process like Alzheimer’s dis- 
ease. It is therefore important to deter- 
mine if patients’ complaints of memory 

4 impairments are an accurate reflection of 
real memory disturbance. The relationship 
between memory complaints (metamemo- 
ry) and objective memory performance, 
mood, age, verbal intelligence, and sex 
was examined in a group of 199 healthy, 
community dwelling adults (39 to 89 years 
oid). Memory complaints demonstrated a 
stronger association with depressed 
mood than with performance on memory 
tests. Increasing reports of depressive 
symptoms were associated with more 
overall memory complaints. Verbal intelli- 
gence, age, and sex also contributed to 
memory complaints. Patients with higher 
verbal intelligence reported fewer com- 

y plaints. and placed less emphasis on for- 
getting. Older individuals reported greater 
frequency of forgetting and greater fre- 
quency of using memory techniques. Spe- 
cific types of memory complaints, serious- 
ness of forgetting, and types of memory 
aids employed are also described. These 
results showed that self-rating of memory 
disturbance by older adults may be related 
more to depressed mood than to poor 
performance on memory tests. 

{Arch Neurol. 1991;48:6 1-64) 
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J nereasing attention has been fo- 
cused on Alzheimer’s disease both 
by the scientific community and the 
media. As a result, health care provid- 
ers have become more aware and con- 
cerned when their patients complain 
of memory difficulties. Memory distur- 
bance has been associated not only 
with disease processes such as Alzhei- 
mer’s disease and cerebrovascular dis- 
ease but also with metabolic distur- 
bances, toxic effects of medications, 
and disturbances of mood (ie, de- 
pression).' Information relating the 
accuracy of these complaints to actual 
memory problems could aid the physi- 
cian in formulating a more accurate 
diagnosis for their patients who com- 
plain of memory difficulties. 

The relationship between metamem- 
ory (knowledge of one’s own memory 
abilities), age, objective memory per- 
formance, and mood states is unclear. 
Several studies have found older in- 
dividuals more accurately evalu- 
ated their memory performance than 
younger individuals“ while others 
have found exactly the opposite There 
is also evidence for no relationship 
between age and metamemory abili- 
ties.** These inconsistencies appear to 
be related to the type of memory task 
employed as well as the wording of 
questionnaire items.*'° 

Do patients’ memory complaints 
predict real memory disturbance as 
measured on objective memory tests? 
While Riege* found individuals with 
memory complaints were more likely 
to score low on memory tests, other 
authors”! have not found a relation- 
ship between memory complaints and 
impaired memory performance. It 








may be that older individuals experi-. 
ence the same commonplace incidents 
of forgetfulness as younger individu- 
als, but interpret these incidents as 
indications of much more serious 
problems.”!' This tendency has been 
found to be particularly pronounced in 
depressed individuals.” Fifty-one per- 
cent of patients referred for formal. — 
memory testing because of memory | 
complaints were found to have no ob- 
jective evidence of memory «difficul- 
ties, but they were found to have sig- 
nificantly depressed mood.” In the 
healthy elderly, Larrabee and. Levin” 
found that ratings of decline in mem- 
ory function were related to affective 
states rather than to poor perfor- 
mance on a test of everyday memory. 
In depressed individuals, changes in 
level of depression, rather than mem- 
ory skills training, resulted in more 
positive self-evaluations of mem- 
ory. 

The primary aim of this study was to 
examine the association between 
memory complaints and performance 
on standardized neuropsychologic 
memory tests, mood, sex, native intel- 
ligence, and age in a healthy adult 
community-dwelling population. The 
prevalence of specific types of memory 
complaints, ratings of the seriousness 
of forgetting in specific situations, and 
the frequency of techniques used to 
remember things were also examined. 


SUBJECTS AND METHODS 
Subjects 


The subjects were 199 white volunteers 
(79 men and 120 women), with age ranging 
from 39 to 89 years (mean, 62 + 13 years) 
and edueation ranging from 7 to 21 years 
(mean, 15 + 3 years). The number of sub- ~ 
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Table 1.—Participants in Each Age 
Decade* 


Decade 
39-49 
50-59 
60-69 
70-79 
80-89 
Total 











Table 2.— Scores on the GDS, MMQ, 
and Memory Tests’ 








Mean + SD Range 
















Vocabularyt 55 +9 20-68 
Lagical Memory 

immediate 10+ 2- 

Delayed B8+4 0-1 
Verbal-Verbal, 

trial 4 ELS 0-10 
RAVLT, trial 5 1242 5-15 
Visual reproduction 9+3 2-14 
GDS 644 0-16 
Metamemory total 275 + 46 121-380 





* GDS indicates Geriatric Depression Scale; MMQ, 
Metamemory Questionnaire; and RAVLT, Rey Audi- 
tory Verbal Learning Test. 

tWechsler Adult intelligence Scale-Revised raw 
score. 


jects in each age decade is presented in Ta- 
ble 1. Subjects were included in the study if 
they never had had head trauma, stroke, 
seizure, uncontrolled hypertension, pulmo- 
nary edema, liver failure, congestive heart 
failure, uncontrolled thyroid dysfunction, 
electroconvulsive therapy, sleep disorders, 
coma, psychiatric disorders, or alcohol/ 
drug abuse. Participants were recruited 
through newspaper advertisements. This 
project was approved by the institutional 
review board and informed consent was ob- 
tained following a full explanation of the 
procedures used in the protocol. 


Procedure 


A packet of questionnaires was sent to 
each subject prior to the participant’s ap- 
pointment for a comprehensive neuropsy- 
chologic evaluation. Included in the packet 
were the Geriatrie Depression Scale 
(GDS) and the Metamemory Question- 
naire (MMQ) The GDS assesses almost 
exclusively the psychologic components of 
depression without somatic complaints. 
The MMQ’ is composed of groups of ques- 
tions related to specific memory categories. 

_ The original MMQ was written in a seven- 
point Likert seale format, but for our pur- 
poses, this format was shortened to five 
points (1, serious problems; 5, no problem). 
The nine seales measured by the MMQ in- 
clude: general rating of memory, retrospec- 
tive evaluation of memory, frequency of 
forgetting in various situations, ability to 
remember occurrences recent or remote in 
time, importance placed on forgetting in 
various situations, frequency of using var- 
ious mnemonics, ability to reeall what is 
read in a novel, newspaper, or magazine ar- 
ticle, and effort expended to avoid forget- 
ting. Neuropsychologic measures included 
the Wechsler Adult Intelligence Seale-Re- 
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Table 3.— Stepwise Regression on Metamemory Scale Category * 
Variable Increase Total 
Step Entered P in R? R 
M1 General rating of memory 1 GDS Ot O9 .09 
M2 Retrospective evaluation of memory Fass ma i 
M3 Frequency of forgetting in various 1 GDS Qi 10 g 
situations 2 WAIS-R vocabulary O1 ash 21 
3 Age .01 .06 
M4 Reading a novel 1 GDS 01 .09 
2 M o1 05 } m“ 
M5 Ability to remember occurrences recent 
and remote in time 1 GDS 01 it 11 
M6 Importance of forgetting when it occurs in 1 GDS .01 -06 
various situations 2 WAIS-R vocabulary .01 ay 10 
M7 Reading a newspaper or magazine 1 GDS oi .08 
2 DLM 05.02 } 19 
M8 Frequency of usage of various 1 Age .01 105 
mnemonics 2 Sex 01 04 } At 
3 GDS i 05 02 
M9 Effort to avoid forgetting in various 
situations 1 GDS OF .14 14 
Total score 1 GDS = 01 14 
2 WAIS-R vocabulary 01.02 } 16 





* GDS indicates Geriatric Depression Scale; WAIS-R, Wechsler Aduit Intelligence Scale-Revised; LM, logical 


memory; and DLM, delayed logical memory. 


Table 4.—Frequency of Complaints* and Seriousnesst of Memory Problems in 
Specific Situations 


Situation 


Complaint, Seriousness, 


%t 











Where you put things (eg, keys) 








Telephone numbers you have just checked 








Words 








Knowing whether you have already 
told someone something 





Things people tell you 








Faces 





Directions to places 





Beginning to do something and 
forgetting what you are doing 





Losing the thread of thought in 
conversation 





Remembering things you have done 
(ie, lock door, turn off stove) 





Appointments 





Telephone numbers used frequently 





* How often do these present a memory problem to you? 


tWhen you actually forget in these situations, how serious of a problem do you consider memory failure to 


be? 


Percent represents only those responding 1, 2, and 3 on the five-point scale (ie, for complaint: 1, always; 
3, sometimes; seriousness: 1, very serious; 3, somewhat serious). 


vised vocabulary subtest that provides a 
measure of verbal intelligence’; Immediate 
and Delayed Logical Memory (memory for 
a short story) and visual reproduction 
(memory for geometric designs) from the 
Wechsler Memory Scale’; Verbal-Verbal 
Paired Associates Learning Test (hard 
associates)'*; and the Rey Auditory Verbal 
Learning Test” (memory for a 15-item word 
list presented over five trials). 


RESULTS 


The average scores on the GDS, 
MMQ, and memory tests are presented 


in Table 2. The relationship between 
metamemory and depression, age, sex, 
education, verbal intelligence, and 
memory test performance was evalu- 
ated using a stepwise multiple regres- 
sion. Regressions were performed on 
the total metamemory scale score as 
well as the nine individual MMQ 
seales. A forward stepping entry pro~ 
cedure was used and an F of 4.00 was 
required for factor entry. The results 
are given in Table 3. Higher scores on 
the GDS (greater depression) were as- 
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Tabie 5.—Frequency of Techniques 
Used to Remember Things 


Keep an appointment book 69 
Make a grocery list 63 
Keep things to do ina 

prominent place where 

you will notice them 62 
Write reminder notes 59 
Make lists 59 
Keep objects in an identical 

place so you always know 

where to find them 58 
Plan daily schedule in 

advance 43 
Mental repetition 
Have others remind you 


















sociated with greater complaints on 
eight of the nine individual MMQ 
scales and greater memory complaints 
overall. Verbal intelligence was re- 
lated to the total score, the reported 
frequency of forgetting, and the im- 
portance placed on forgetting. Those at 
higher vocabulary levels reported 
fewer complaints and placed less im- 
portance on forgetting. Age was re- 
lated to the frequency of forgetting 
and the frequency of using mnemonic 


à. devices. Older subjects reported a 


higher frequency of forgetting and re- 
ported using more mnemonic devices 
than younger subjects. More women 
than men reported using memory tech- 
niques. 

The performance on the logical 
memory test (paragraph recall) and 
delayed logical memory test was re- 
lated to the ease of remembering writ- 
ten material (a novel or a newspaper). 
When the prevalence of memory com- 
plaints was examined, only 19% of the 
199 subjects reported no memory com- 
plaints. While no age trend was found 
for the frequency of tofal memory 


š. complaints, an aging trend was found 


for General Rating of Memory (M1). 
Memory difficulty was reported by 
73% of the 40-year-old subjects, 80% 
of the 50-year-old subjects, 84% of the 
60-year-old subjects, 91% of the 70- 
year-old subjects, and 79% of the 80- 
year-old subjects. 

The specific situations in which 
memory problems were reported to 
occur and the rating of their serious- 
ness is given in Table 4. Although for- 
getting names and forgetting where 
objects have been placed were reported 
most frequently, these were not con- 
sidered serious problems. Instead, los- 
ing the thread of thought in conversa- 

¿tion and forgetting appointments oc- 
curred less often but were believed to 
be more serious when the situation oc- 
curred. There was no change in the 
frequency of forgetting or concern in 
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specific situations as a function of age. 
Table 5 lists the frequency in which 
specific techniques are used to remem- 
ber things. Written documentation (ie, 
appointment books, notes, lists) is used 
most frequently, while relying on oth- 
ers for reminders is the least used 
memory aid. 


COMMENT 


Memory complaints in healthy com- 
munity-dwelling older adults were re- 
lated more to depressed mood than to 
performance on objective memory 
tests. Verbal intelligence, age, and sex 
were associated with the reporting of 
memory disturbance. These results 
agree with those found by other in- 
vestigators. %20 

Depressed mood is generally associ- 
ated with diminished ability to think 
or to concentrate.” These attention 
and concentration difficulties are often 
misinterpreted as memory distur- 
bance by the patient. Once the distinc- 
tion between disturbances in concen- 
tration vs memory disturbance is dis- 
cussed with the patient, their fear of 
having a disease like Alzheimer’s is 
quickly alleviated. It should be kept in 
mind that none of our subjects would 
be considered clinically depressed, and 
therefore these results indicate that 
even mild complaints of depressed 
mood appear to influence perceptions 
of memory. 

Questions on the MMQ relating to 
frequency of forgetting while reading 
a novel, newspaper, or magazine were 
positively correlated with perfor- 
mance on the logical memory test (im- 
mediate and delayed recall). This rela- 
tionship could be related to the fact 
that text recall after only one presen- 
tation of the material is more suscep- 
tible to disturbances in attention/con- 
centration, a concomitant of depressed 
mood, than the other memory tasks 
where the material was given to the 
participant more than once. A similar 
interpretation was offered by Larra- 
bee and Levin” in their investigation 
of the association of memory report 
and performance. A relationship be- 
tween subjective memory reports and 
performance on memory tests has pre- 
viously been found for text or story re- 
call, a common everyday activity.” 
Additionally, if material cannot be re- 
membered immediately after it is pre- 
sented, then poor retention (delayed 
recall) would also be expected. 

The participants with higher verbal 
intelligence reported fewer total com- 
plaints, less forgetting, and placed less 
emphasis on forgetting. One hypothe- 
sis may be that those who have read 
more are better informed about the 


aging process as well as diseases such 
as Alzheimer’s and may recognize ev- 
eryday memory problems as nonseri- 
ous rather than as a sign of dementia. 
Education level did not enter any of 
the regression equations. Bolla- Wilson 
and Bleecker* have suggested that vo- 
cabulary level is more appropriate 
than education level when studying 
older adults. Older individuals may not 
have had many formal years of educa- 
tion but may have spent many years 
self-educating. 

Although some researchers have 
suggested that the elderly have diffi- 
culty forming effective strategies to 
help them recall, others have found 
that “coaching” the elderly in useful 
strategies improved memory per- 
formance.’ In our sample, the older 
adults tended to use more mnemonic 
strategies to help in their recall. The 
most frequently used techniques in- 
cluded writing notes, making lists, and 
keeping objects and things in specific 
places so they could be easily found. 
Since the majority of our subjects 
tended to be well educated with aver- 
age and above average levels of verbal 
intelligence, this could account for 
their tendency to formulate their own 
memory techniques for more effective 
recall, 

Whereas age was not associated 
with the total number of complaints on 
the MMQ, age was associated with a 
greater frequency of forgetting in var- 
ious situations. While the most com- 
mon complaints were in the ability to 
remember names, where objects were 
placed, and telephone numbers, these 
were not considered to be the most se- 
rious situations. The most serious sit- 
uations were reported to be losing the 
thread of thought in conversation and 
forgetting appointments (although 
these occurred less frequently). Since 
reports of forgetting were not related 
to actual memory ability, it appears 
that older adults may be more “fine 
tuned” to situations in which they for- 
get, whereas younger individuals pay 
less attention to common memory 
problems.’ 

The ability to remember occur- 
rences, both recent and remote in time, 
was correlated with the GDS. Older 
individuals may compare present 
memory ability with their own past 
ability, rather than comparing mem- 
ory ability with individuals their own 
age. Retrospective comparison pro- 
duces feelings of inadequacy: normal 
changes in memory ability are ignored 
as well as the fact that when younger, 
one practices memory skills when in 
school or on a job. Additionally, only a 
small percent (19% ) of our population 
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4983 





. failedto report memory.complaints. In 
summary, these results suggest that 
self-reported memory complaints in 

- healthy older adults appear to be more 

<: closely. associated with depressed 
mood. than with actual memory per- 

_ formance on standard clinical memory 
tests. 
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Comparative cognitive effects of anticonvulsants 


eador, DW. Loring, K. Huh, BB. Gallagher, DW. King 
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tients receiving | prida and 
carbamazepine had virtually 
identical cognitive performances’ 


m Fifteen seizure patients treated with phenytoin, carbamazepine, 
and phenobarbital for 3 months each were given a cognitive 
evaluation at the end of each treatment period’ 


m Cognitive tests were designed to assess deficits associated 
with anticonvulsants—impairments in memory, information 
processing, attention/concentration, and motor speed! 


m. Mean cognitive scores and individual responses failed to 
suggest a trend toward differential effects’ 


Mean scores* for cognitive measures 
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: ‘Rigorous study design helped prevent patient 
lection bias—a flaw of most earlier studies 
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| - -helped prevent patient selection bias' 


‘Dosages were adjusted to be within the standard therapeutic 
_- range (phenytoin, 10 to 20 pg/mL; carbamazepine, 6 to 12 pg/mL; 
phenobarbital, 15 to 40 pg/mL)’ 
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Sefore prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
nal) and complex partial (psychomotor, temporal lobe} seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 

osage and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 
WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When. in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However in the event of an allergic or hypersensitivity reaction. rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg. 
fever, rash and fiver involvement. 

in all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

Inview of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
han drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mentai deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 

henytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransfarmation of phenytoin: patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 
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Antibodies to Myelin-Associated Glycoprotein Are Found 
in Cerebrospinal Fluid in Polyneuropathy Associated 
With Monoclonal Serum IgM 


Mabel Cruz, MD; Yu-Ping Jiang, MD; Jan Ernerudh, MD, PhD; Goran Solders, MD, PhD; 


Tomas Olsson, MD, PhD; Per-Olov Osterman, MD, PhD; Hans Link, MD, PhD 


è Antibodies to myelin-associated gly- 
coprotein (MAG) have been demonstrated 
in the serum samples from about half the 
patients with polyneuropathy associated 
with serum IgM monoclonal component. 
We examined cerebrospinal fluid (CSF) 
and serum samples from 13 patients with 
this disease by enzyme-linked immunosor- 
bent assay for anti~MAG IgM antibodies. 
We detected these antibodies in both CSF 
and serum samples in 10 of the patients; in 
three of them the antibodies were at 
higher levels in the CSF. The remaining 
three patients had anti-MAG IgM anti- 
bodies in the CSF only. Intrathecal produc- 
tion of anti-MAG IgM antibodies is thus 
common in polyneuropathy associated 
with IgM monoclonal component. In three 
patients, examined on two occasions from 
1 to 7 years, high anti-MAG IgM antibody 
levels persisted in CSF and serum sam- 
ples. Among 165 patients with other neu- 
rologic diseases, including 60 with multi- 
ple sclerosis and 60 control subjects with 
tension headache, anti-MAG IgM antibod- 
ies were detected in the CSF from three 
patients (two with multiple sclerosis, one 
with aseptic meningitis), and in the serum 
sample of one patient with multiple scie- 
rosis. Whether the frequent occurrence of 
anti-MAG IgM antibodies in CSF and their 
intrathecal synthesis has pathogenetic rel- 
evance for the development of polyneu- 
ropathy associated with IgM monoclonal 
component is unsure. 

(Arch Neurol. 1991;48:66-70) 


P olyneuropathy and monoclonal 

gammopathy of unknown signifi- 
cance are associated, and a causal 
relationship between serum IgM mon- 
oclonal component and polyneuropa- 
thy has been suggested.*’ In about 50% 
of patients with IgM monoclonal com- 
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ponent in serum, the monoclonal IgM 
has been shown to bind to myelin 
structures, mainly myelin-associated 
glycoprotein (MAG),>”° glycolipids,!°” 
and a 25- to 30-kd peripheral nerve 
myelin protein.“ Direct injection of 
serum samples containing monoclonal 
component together with complement 
into nerves of appropriate species in- 
duces demyelination," while sys- 
temic injection has not been shown to 
produce disease despite long-term ob- 
servation and treatment." The patho- 
genetic role of antibodies directed 
against nervous tissue components is, 
however, not clear in view of (1) occur- 
rence of such antibodies in normal in- 
dividuals without disease!*; (2) about 
50% of polyneuropathy patients with 
IgM monoclonal component have no 
defined antibody activity against mye- 
lin components; and (3) the failure of 
disease induction in systemic passive 
transfer experiments.'® 

In nerve biopsy specimens” and in 
skin biopsy specimens containing 
nerve fibers, deposits of IgM have 
been found. Thus, IgM antibodies of 
putative pathogenetic importance 
must in some way have reached the 
endoneurium in spite of the blood- 
nerve barrier. One mechanism for this 
could be by local IgM antibody produc- 
tion. To our knowledge, there are no 
previous studies on antibodies directed 
against myelin components in the 
cerebrospinal fluid (CSF) of patients 
with polyneuropathy and monoclonal 
IgM component. We describe that an- 
ti-MAG IgM antibodies, when present 
in serum samples from patients with 
polyneuropathy, are regularly found in 
CSF, and may even occur in CSF ex- 
clusively. 


PATIENTS, MATERIALS, AND METHODS 
Patients 


Thirteen patients (seven women) had 
chronic sensory/motor polyneuropathy and 
IgM monoclonal component in serum sam- 
ples as defined by agarose electrophoresis 
and immunofixation. A summary of serum 
and CSF findings is presented in Table 1. 


The age of the patients varied between 4$ 
and 83 years (mean, 71 years). Patients { 
and 11 had Waldenstrém’s disease, whereas 
the others had monoclonal gammopathy o) 
unknown significance. Moderate to severe 
reduction in nerve conduction velocity was 
present in all patients except patient 3 in 
whom neurophysiologic signs of denerva- 
tion were more prominent. 

in addition, 16 patients (five women) with 
polyneuropathy and serum monoclonal 
component of IgG isotype in 14 patients and 
of IgA isotype in two patients were exam- 
ined. The age of the patients ranged from 41 
to 83 years (mean, 70 years). 

Control subjects consisted of 165 patients 
(99 women). Their ages ranged from 20 to 8E 
years (mean, 67 years). Forty-three of the 
patients had polyneuropathy without mono- 
clonal component in the serum samples, 
nine had chronic inflammatory demyelinat- 
ing polyneuropathy, 14 had acute Guillain- 
Barré syndrome, 60 had clinically definite 
multiple sclerosis, 14 had acute aseptic 
meningitis, 20 had lymphocytic meningo- 
radiculitis (Lyme neuroborreliosis), and 
five had cerebrovascular disease. The poly- 
neuropathy was due to diabetes in two pa- 
tients, Refsum’s syndrome in one, alcohol- 
ism in two, vitamin B,, deficiency in two, 
malignancy in one, sarcoidosis in one, Char- 
cot-Marie-Tooth disease in one, was of un- 
known cause in thirty-one, and was proba- 
bly hereditary, but not classified, in two. 

Sixty subjects (88 women) who had ten- 
sion headache and no evidence of organic 
neurologic diseases constituted our “nor- 
mal” control subjects. Their ages ranged 
from 20 to 68 years (mean, 43 years). All 60 
subjects had normal findings on routine 
CSF examinations for cell count, CSF:se- 
rum albumin ratio, IgG index, and agarose 
isoelectric focusing for IgG. 


Preparation of MAG 


Bovine MAG was prepared by the lithium 
diiodosalicylatephenol method” from brain 
myelin.” One single band migrating at 100 
kd appeared after sodium dodecyl sulfate 
electrophoresis,” showing the purity of the 
preparation. 


CSF Studies 


The CSF cells were counted by phasë 
contrast microscopy. The IgG and albumin 
levels were measured by immunoprecipita- 
tion nephelometry, and IgA and IgM levels 
were determined by enzyme-linked immu- 
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Table 1.—Cerebrospinal Fluid (CSF) and Serum Findings in 13 Patients With Polyneuropathy and IgM M Component in Serum Samples * 


Anti-MAG IgM 
poset a AN INEA AEA ty 
igM ELISA Western Blot 
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Patient / Type of IgM CSF Serum Samples IgMt index CSF Serum Samples Serum 

Age, y/Sex M Component {0.45 mg/L) (2.7 g/L) (0.06) (0.08) __ (9.11) CSF Sampies 
1a/65/M K "38.0 18.2 0.05 0.50 0.20 ND + 
tb k l 11.0 207 i 0.03 0.48 0.63 =- + 
2/79/F — k; 5.6 19.6 0o02 010 0.45 ND Ot 
3/TBIF ie — B2 17.0 O11 0.44 0.11 ND =a 
4/79/F x E 36.0 13.7 0.10 0.61 0.62 o + 
5a/60/F x 0.8 3.5 0.09 0.13 0.23 ND 
5b x 19 12.0 0.02 0.80 0.71 + 
6/69/M x 15.0 i 27.5 005 0.10 0.27 ND - 
TiT9IF x 27.0 4.0 0.59 0.65 1,26 ND + 
8a/64/F x 31.0 7.8 0.09 0.72 0.90 ND + 
8b Ben 37 8.0 0.07 1.00 1.00 ND + 

7 9749 /M x ooo aB 8.7 0.07 0.85 1.07 ND +o 

10/83/F x B 0.8 25 0.03 0.13 0.23 ND -= 
11/70/M k 11 82.5 0.001 0.45 0.06 ND ~ 
12/74/M A ~ 220 32.5 0.03 1.54 1.47 ND + 








13/79/M 








6.4 0.30 


0.20 





0.03 


* Numbers within parentheses indicate upper reference values; a and b correspond to concentration specimens from individual patients; M, monoclonal; MAG, myelin- 
associated glycoprotein; ELISA, enzyme-linked immunosorbent assay; M, male; F, female; ND, not done; plus sign, positive; and minus sign, negative. 
+igM index equal to (CSF / serum IgM):(CSF / serum albumin). 


nosorbent assay (ELISA).** The CSF:serum 
albumin ratio was determined as a variable 
of the blood-brain barrier state.” For doc- 

* umentation of intrathecal immunoglobulin 
synthesis, CSF IgG index was calculated,” 
as were corresponding IgA and IgM in- 
dexes.* 


ELISA for Detection of Anti-MAG igM 
and IgG Antibodies 


Ninety-six polystyrene microtiter plates 
(Dynatech M-129B, Dynatech, Zug, Swit- 
zerland) were coated overnight at 4°C with 
100-uL aliquots containing 1 xg/mL of puri- 
fied bovine MAG dissolved in phosphate- 
buffered saline (PBS), and thereafter 
washed five times in PBS containing 0.05% 
Tween 20. Wells were blocked with 200-uL 
per well of PBS containing 2% bovine 
serum albumin (Sigma Chemical Co, St 
> Louis, Mo). Samples (100 uL) of serum and 


“CSE adjusted to 1 mg/L of IgM were incu- 


bated overnight at 4°C. This IgM concen- 
tration yielded optimal discrimination be- 
tween a positive control serum sample and 
the negative control consisting of pooled 
normal serum samples. The CSF samples 
with IgM concentrations less than 1 mg/L 
were applied undiluted, except for the ad- 
dition of 20 uL of PBS per 100 uL of CSF. 
After washing, alkaline phosphatase-con- 
jugated rabbit anti-human IgM antiserum 
(u-chain specific, Dako, Copenhagen, Den- 
mark) diluted 1:2000 was added. After in- 
cubation at room temperature for 2 hours, 
plates were washed and incubated with 100 
uL per well of substrate p-nitrophenylphos- 
phate (1 mg/mL; Sigma Chemical Co) in 
10% diethanolamine and 0.02% magnesium 
. chloride buffer, pH 9.8. Plates were read in 
“Tan automated ELISA spectrophotometer at 
405 nm. The enzyme reaction was allowed to 
continue until an absorbance value of 1.2 
was reached for the positive control. Pooled 
normal serum samples never gave absor- 
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bance values above 0.08. Samples were con- 
sidered positive when the absorbance value 
was higher than +3 SD of the mean value 
obtained from analysis of serum samples 
and CSF from 60 subjects with tension 
headache. The range of absorbance values 
for these serum samples was 0 to 0.10 
(mean, 0.023) and the range for correspond- 
ing CSF samples was 0 to 0.077 (mean, 
0.014), yielding a mean value +3 SD of 0.11 
for serum samples and 0.08 for CSF. 

For detection of anti-MAG IgG anti- 
bodies, 96-well polyvinylchloride microtiter 
plates (Dynatech) were used; coating con- 
centration of MAG was 3 ug/mL; CSF and 
serum IgG concentrations were adjusted to 
10 ug/mL with PBS containing 1% bovine 
serum albumin; antiserum consisted of al- 
kaline phosphatase-conjugated rabbit an- 
ti-human IgG (y-chain specific, Dako) di- 
luted 1:1000. Plates were read when an ab- 
sorbance value of about 0.35 was reached 
for a “positive” control consisting of a 
serum sample from a patient with aseptic 
meningitis. Pooled normal serum samples 
used as negative controls never gave absor- 
bance values higher than 0.03. Samples 
were considered positive when the absor- 
bance value was higher than +3 SD of the 
mean value obtained from analysis of se- 
rum samples and CSF from 43 subjects with 
tension headache. Range of absorbance val- 
ues for these serum samples was from 0 to 
0.051 and for CSF from 0 to 0.058, yielding 
a mean value +3 SD of 0.06 for serum sam- 
ples and 0.07 for CSF. 

Preliminary studies showed no differ- 
ence when comparing bovine MAG and hu- 
man MAG as antigen in ELISA. 


Western Biot 


To confirm the presence of anti-MAG 
antibodies, we examined serum samples 
and CSF specimens by Western blot. The 
CSF specimens of patients 1b, 4, and 5b 


(Table 1) were concentrated by air pressure 
using microcollodion bags (Sartorius, Gét- 
tingen, Federal Republic of Germany) to 
achieve an IgM concentration of 600 to 1000. . 
mg/L. Because of the small volumes avail- 
able, additional CSF specimens could not be 
examined. Myelin-associated glycoprotein 
was subjected to sodium dodecyl sulfate 
electrophoresis in 12.5% polyacrylamide 
slab gel, followed by transfer to nitro- 
cellulose membranes (0.45-m pore size; 
Schleicher & Schull, Kassel, Federal Re- 
public of Germany).” The strips containing 
MAG were then incubated with a 1:100 di- 
luted patient’s serum sample or a 1:5 dilu- 
tion of the patient’s concentrated CSF over- 
night at room temperature on a shaker 
platform. After several washes in PBS, 
strips were incubated with rabbit anti- 
human IgM (u-chain specific), rabbit anti- 
human IgG (y-chain specific) or rabbit 
anti-human IgA (a-chain specific) antise- 
rum (Dako) diluted 1:500 in the same buffer, 
followed by immunoenzyme staining.” The 
same positive and negative controls were 
used in Western blot as for anti-MAG IgM 
ELISA. 


Demonstration of Anti-MAG IgM 
Antibodies in Relation to Monoclonal IgM 
in CSF and Serum by Agarose Isoelectric 

Focusing and Protein Transfer to 

Nitrocellulose Membrane 


To detect total IgM, serum and CSF sam- 
ples were analyzed after mild reduction 
with é-mercaptoethanol. Briefly, 5 ug of 
IgM were mixed with 10 uL of 0.8 mol/L of 
6-mercaptoethanol (Sigma) and 80 aL of 
PBS. This mixture was incubated for 13 to 
15 minutes. Fifteen microliters of this prep- 
aration were subjected to agarose iso- 
electric focusing.* Separation of proteins 
was performed for 70 minutes at 15 W. 
Voltage was increased every 20 minutes 
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Table 2.—Number of Patients Positive vs Examined for Anti- MAG IgM and IgG 
Antibodies in Cerebrospinal Fluid (CSF) and Serum Samples as Determined by ELISA, 
and in Serum Samples Only Evaluated by Western Biot* 


P ocsemmeememeeementinaememmennnnt ’ omenemmmenmnnentiiememmmenneeemen’ 
Serum 
Sampies 


Diagnosis 


Western Blot 
P ommemeemennmeuatinememememmemeen 
Serum Samples 


Serum 


__CSF Samples 





Polyneuropathy 
and with M component 





0/14 





JA. 





Polyneuropathy l 
without serum 
M component 








syndrome 








Muitipie sclerosis 





Aseptic meningitis 





Neuroborreliosis 





Cerebrovascular 
disease 





Tension headache 





* MAG indicates myelin-associated glycoprotein; ELISA, enzyme-linked immunosorbent assay; M, monoclon- 
al; ND, not done; and CIDP, chronic inflammatory demyelinating polyneuropathy. 


starting from 200 V (50 mA) and finishing 
at 800 V (18 mA). Separated proteins were 
transferred to nitrocellulose membrane, 
followed by incubation in PBS containing 
1:500 diluted peroxidase-conjugated (Fab’), 
fragment of goat anti-human IgM (u-chain 
specific, Sigma), and then stained.** 

To detect anti-MAG IgM antibodies, ni- 
trocellulose membranes were coated over- 
night at room temperature in 10 ug/mL of 
MAG in PBS, followed by blocking with 3% 
bovine serum albumin in PBS for 1 hour. 
After agarose isoelectric focusing, sepa- 
rated proteins were transferred te MAG- 
coated nitrocellulose membrane” and anti- 
bodies bound were detected by immunoen- 
zyme labeling as for total IgM. 

Patterns of anti-MAG IgM antibody 
were compared with those of total IgM ob- 
tained in parallel on the same specimens. 


RESULTS 


A survey of CSF and serum findings 
for the 13 patients with polyneuropa- 
thy and serum IgM monoclonal com- 
ponent is presented in Table 1. All 13 
patients had normal CSF cell counts 
that varied between 1 and 2 X 10°/L. 
Nine patients had elevated CSF:serum 
albumin ratio as a sign of damage to 
blood-brain barrier or blood-nerve 
barrier in the area of nerve roots. 
Seven patients had increased IgM in- 
dex, reflecting intrathecal production 
of IgM. The IgG index was normal in 
all patients, while the elevated IgA in- 
dex was registered in five. 


Anti-MAG Antibodies Detected by ELISA 


Three of the 13 patients with poly- 
neuropathy and IgM monoclonal com- 
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ponent had anti-MAG IgM antibodies 
in CSF only (patients 3, 11, and 13, Ta- 
ble 1). In the remaining 10 patients, 
anti-MAG IgM antibodies were 
present in CSF and serum samples, but 
three of them (patients la, 5b, and 12) 
had higher absorbance values in CSF 
than in the serum samples. Evidence 
was thus obtained for intrathecal pro- 
duction of anti-MAG IgM antibodies 
in six of the 13 patients with polyneu- 
ropathy and IgM monoclonal compo- 
nent. 

In patients 1, 5, and 8, two consecu- 
tive CSF and serum samples covering 
1 to 7 years were examined. Anti-MAG 
IgM antibodies were detected in all 
consecutive specimens in both com- 
partments. 

One of the 14 patients with polyneu- 
ropathy and IgG monoclonal compo- 
nent and one of the two patients with 
polyneuropathy and IgA monoclonal 
component also had anti-MAG anti- 
bodies of IgM isotype (Table 2, Fig 1). 
These antibodies were present in CSF 
only, reflecting intrathecal synthesis. 

Among the patients of the different 
control groups, anti-MAG IgM anti- 
bodies were found in CSF from two 
(3%) of the 60 patients with multiple 
sclerosis and from one (7%) of the 14 
patients with aseptic meningitis, and 
in the serum sample from one patient 
(2%) with multiple sclerosis (Table 2, 
Fig 1). 

Slightly elevated absorbance values 
for anti-MAG antibodies of the IgG 
isotype were observed in the serum 


sample from one patient with polyneu- 
ropathy and IgG monoclonal compo- 
nent, five patients with polyneuropa- 
thy without serum monoclonal compo- 
nent, two with chronic inflammatory 
demyelinating polyneuropathy, and 
three with multiple sclerosis (Table 2). 
In CSF, only one patient with multiple 
sclerosis had anti-MAG IgG anti- 
bodies. 

The two patients with polyneuropa- 
thy and IgA monoclonal component 
were examined for anti-MAG anti- 
bodies of the IgA isotype in CSF and 
serum samples, with negative results. 


Anti-MAG Antibody Reactivity Detected 
by Western Blot 


Western blot confirmed the presence 
of anti-MAG IgM antibodies in serum 
samples from eight of 10 patients with 
polyneuropathy and IgM monoclonal 
component who were positive by 
ELISA (Table 1). The remaining three 
patients were negative by ELISA and 
also when examined by Western blot. 
No anti-MAG reactivity was found by 
Western blot in nine additional serum 
samples from two of the control groups 
(Table 2). 

Due to the low IgM levels in CSF 
compared with serum samples, it was 
not possible to study CSF specimens by 
Western blot, except in three patients 
with polyneuropathy and serum IgM 
monoclonal component (patients 1b, 4, 
and 5b). Anti-MAG IgM antibody re- 
activity was detected in two of these 
three CSF specimens as exemplified 
for patient 4 in Fig 2. Anti-MAG anti- 
body reactivity appeared as a faint 
band on the blots incubated with CSF 
samples when compared with the 
strong band seen on the blots of serum 
samples from the same patient, prob- 
ably due to differences in the IgM con- 
centration between serum and CSF 
samples. 


Relationship Between IgM Monoclonal 
Components and Anti-MAG IgM 
Antibody Activity 


Serum and concentrated CSF spe- 
cimens from patients 1b, 4, and 5b 
(Table 1) and serum specimens from 
patients 7 and 8b (Table 1) were ana- 
lyzed for anti-MAG antibody reactiv- 
ity after separation by agarose isoelec- 
tric focusing. Such antibody reactivity 
was detected in all specimens exam- 
ined and localized to the IgM mono- 
clonal components as visualized in Fig 
2 for CSF and serum samples from pa- 
tient 4. 


COMMENT 


In samples from 29 patients with 
polyneuropathy and serum mono- 
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clonal component, anti-MAG IgM an- 
tibodies were detected by ELISA in all 
13 patients who had monoclonal com- 
«ponent of IgM isotype. In three of these 
patients, anti-MAG IgM antibodies 
were present in CSF only, while the 
“remaining 10 patients had antibodies 
in CSF. and serum samples (Table 1). 
_ Among the 16 patients with polyneu- 
-ropathy and monoclonal component of 
IgG or IgA isotype, anti-MAG IgM 
antibodies were present only in two 
patients and in CSF exclusively (Table 
2). None of our control subjects with 
polyneuropathy without serum mono- 
clonal.component had anti-MAG IgM 
antibodies detected by ELISA. 
- We used a standardized IgM concen- 
tration in the ELISA for anti-MAG 
¿and may therefore anticipate intra- 
‘thecal anti-MAG IgM antibody syn- 
thesis in patients where CSF absor- 
bance values exceed serum values (Ta- 
ble 1). This was the case in six of the 13 
patients with IgM monoclonal compo- 
nent. We therefore propose that pa- 
tients with polyneuropathy and IgM 
monoclonal component also be exam- 
ined for anti-MAG IgM antibodies in 
CSF. Further studies on larger patient 
“groups are, however, warranted to 
evaluate the diagnostic and therapeu- 
tic implications of such examinations. 

When injected directly into periph- 

- eral nerves of suitable species, anti- 
MAG antibodies of the IgM isotype 
produced demyelination." These ob- 
servations reinforce the possibility 
that intrathecal production of these 
antibodies, as we have demonstrated, 
may indeed have importance for the 
development of the polyneuropathy. 
These antibodies might reach the tar- 
get in the peripheral nerve system, at 
least at nerve root level, without the 

_need for passage from serum through 

*the blood-nerve barrier. 

‘Since MAG is a normal constituent 
of the central nervous system, there is 
also the possibility for central nervous 
system damage as a result of the in- 
trathecal anti-MAG antibody produc- 
tion. This has been supported by ex- 
perimental studies, such as injection of 
mammalian optic nerves with a mono- 
clonal anti-MAG antibody together 
with complement, which indeed pro- 
duced demyelination.” It is, however, 
not clear if patients with anti-MAG 
antibodies have some subclinical cen- 
tral nervous system damage in addi- 
tion to their overt polyneuropathy. 

We could demonstrate that the anti- 

aMAG reactivity was within the IgM 
monoclonal component in the five se- 
rum ‘samples and the three CSF spec- 
imens that were analyzed. In these pa- 
tients, the anti-MAG antibodies were 
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Fig 1.—Anti-myelin-associated glycoprotein (MAG) IgM antibodies determined by enzyme-linked 

immunosorbent assay in cerebrospinal fluid (CSF) and serum samples (S) from 13 patients with: 
polyneuropathy (P) and IgM monocional (M) component, 16 with polyneuropathy and IgG or IgA 

M component, 165 with other neurologic diseases (OND) and 60 with tension headache (TH). Cut- 

off limit for CSF is OD = 0.08, and for serum optical/density = 0.11. Numbers in squares cor- 

respond to numbers of subjects in each group who had values below these cut-off limits. 


Western Biot Agarose Isoelectric Focusing 


Fig 2.—Demonstration in patient 4 of anti-myelin-associated glycoprotein (MAG) IgM antibody 
reactivity (arrowheads) in cerebrospinal fluid (CSF) (3) and serum (S) samples (4), using Western 
blot (to the left). Migration patterns of IgM (arrowheads) on agarose isoelectric focusing in CSF 
(9) and serum samples (1 1), and of anti-MAG IgM antibodies detected by immunoblot in CSF (10) 
and serum samples (12). PC indicates positive control; NS, pooled normal serum samples used 
as negative control; and pH, reference pH markers. 
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produced by the neoplastic clone of 
plasma ceils. In those five polyneurop- 
athy patients with monoclonal compo- 
nent, who had anti-MAG IgM anti- 
bodies exclusively in CSF as demon- 
strated by ELISA, not enough CSF was 
available to analyze the migration 
properties of the anti-MAG antibod- 
ies. It is less likely that the anti-MAG 
antibodies in these patients belong to 
the systemic neoplastic plasma cell 
clones. Furthermore, it seems highly 
unlikely that a second neoplastic 
plasma cell clone producing anti-MAG 
occurs intrathecally. The CSF cell 
counts and clinical course in these pa- 
tients did not indicate any central ner- 
vous system plasma cell dyscrasia or 
lymphoma. Mechanisms for induction 
of anti-MAG antibodies in these pa- 
tients thus remain unclear. One possi- 
bility is that they represent an im- 
mune response secondary to nerve 
damage induced by other means, for 
example, a T-cell-mediated attack. 
This explanation could also apply to 
the anti-MAG IgG antibodies found in 
serum samples from a few of our pa- 
tients with polyneuropathy without 
“association with serum monoclonal 
component, and a few of those with 
chronic inflammatory demyelinating 
polyneuropathy (Table 2). 

Involvement of MAG in the patho- 
genesis of multiple sclerosis has been 
suggested due to the observation of 
preferential loss of MAG in the 
periphery of multiple sclerosis 
plaques. Attempts to detect anti- 
MAG antibodies in CSF and serum 
samples of patients with multiple scle- 
rosis have given conflicting results,” 
probably due to different detection 
methods used (Möller et al”). Our low 
rate of detection of anti-MAG IgM and 
IgG antibodies in multiple sclerosis by 
ELISA is in agreement with previous 
reports using radioimmunoassay.*>*** 
It is, however, possible that autoreac- 
tive antibodies are bound in vivo to 
target structures and therefore are 
difficult to detect in CSF by conven- 
tional techniques such as ELISA and 
radioimmunoassay. 

We have demonstrated the regular 
occurrence of anti-MAG IgM anti- 
bodies in CSF from a group of patients 
with polyneuropathy associated with 
monoclonal component of IgM isotype. 
In about half of these patients, there 
was evidence for intrathecal synthesis 
of these antibodies. 


This study was supported in part by the Swed- 
ish Medical Research council and the Swedish 
Multiple Sclerosis Society. 

This study was partly performed at the Clinical 
Research Center, Huddinge (Sweden) University 
Hospital. 
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In Tourette Sync 


ORAP 


pimozide) Tablets 
Helps Patients Be The 


e Excellent 
Symptom Control 


“Pimozide produced significantly more 
improvement of symptoms and less 
akinesic adverse effects than haloperidol 
_.. Improvement of 70% or more was 
reported by 74% of patients on pimozide 
compared with 45% on haloperidol 
(p<.02), and 84% rated pimozide better 
overall than haloperidol." 


Significantly Less 
Sedation than 


Haloperidol 


In a double-blind, placebo-controlled 
study, “Pimozide was associated with 
lethargy or tiredness on significantly fewer 
days than haloperidol (p <.01), and this 
was reflected in greater immediate and 
long-term patient acceptance..." 


Documented > 
Clinical Experience 
Pimozide has been used in the treatment 
of Tourette Syndrome for over 10 


For more information on ORAP. 
1-800-292-4283. 


# ORAP is indicated tor patients whe have jailed fo respo! ds 
Piease see loilowing page for a Stiel summary of pres 








RAP™ _ TheLessSedating Therapy for Tourette Syndrome 


(pimozide) Tablets 


INDICATIONS AND USAGE 

ORAP pimozide} is indicated for the suppression of motor and phonic tics in patients 
with Tourette's Gisorder who have failed to respond satistactorily to standard treatment 
ORAP is not intended as a treatment of first choice nor is it intended for the treatment tor 
tics that ara merely annoying or cosmetically troublesome. ORAP shoud be reserved for 
use i Tourette's Disorder patients whose development and/or daily life function is 
severely compromised by the presence of motor and phonic tics. 

Evidence supporting approval of pimozide for use in Tourette s Disorder was obtained 
in two controlled clinical investigations whieh enrolled patients between the ages of 8 and 
53 years. Most subjects in the two trials were 12 or older. 


CONTRAINDICATIONS 


1, ORAP (pimozide) is contraindicated in the treatment of simple tes or tics other 
than associated with Tourette s Disorder. 

2. ORAP shouid not be used in patents faking drugs that may. themselves, cause 
motor and phonic tics (e.g. pemoline, methylphenidate and amphetamines} unti 
such patients have been withdrawn from these drugs to determine whether or not 
the drugs, rather than Tourette s Disorder, are responsible for the tics 

3. Because ORAP prolongs the QT interval of the electrocardiogram itas 
contraindicated in patients wath congenital long QT syndrome. patents with a 
history of cardiac arrhythmias, or patients taking other drugs which protong the QT 
interval of the electrocardiogram {see DRUG INTERACTIONS) 

4, ORAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states trom any cause 

6. ORAP is contraindicated in patients with hypersensitivity to t. As it ss not known 
whether cross-sensitivty exists among the antipsychotics. pmonde shouid be 
used with appropriate caution in patients whe have demonstrated hypersensitivity 
to other antipsychotic drugs. 


WARNINGS 
The use of ORAP (pimozide) in the treatment of Tourette's Disorder involves different 
risiberatit considerations than when antipsychotic drugs are used to treat other 
conditions. Consequently, a decision to use GRAP should take info considerahion the 
tollowing: (see also PRECAUTIONS ~informatvon for Patients) 


Tardive Dyskinesia A syndrome consisting ot potentially irreversible, involuntary. 
dyskinetic movements may develop in patients treated with antipsychotic drugs 
Although the prevalence of the syndrome appears to be highest among the elderly, 
especially elderty women, if is impossible to rely upon prevalence estimates to predict. at 
the inception of antipsychotic treatmant, which patients are likely to devetop the 
syndrome. Whether antipsychotic drug products differ in their potential to cause tardive 
dyskinesia is unknown 

Both the risk at developing tardive dyskinesia and the likelihood that a will become 
irtevarsitve ate believed to wicrease as the duration of treatment :s withdrawn 
Antipsychotic treatment. itself, however, may suppress (or partially suppress) the signs 
and symptoms of the syndrome and thereby may possibly mask the undertang process 
The effect that symptomatic suppression has upon the long-term course of the 
syndronye 18 unknown 

Givan these considerations, antipsychotic drugs should be prescribed in a manner 
that is most tikety to minimize the occurrence of tardive dyskinesia, Chronic 
antipsychotic treatment should generaity be reserved for patients who suffer fram a 
chronic iliness that, 1) is known to respond t0 antipsychotic drugs, and. 2) for whom 
alternative, equally elective, but potentially tess harmtul treatments are not available or 

le. in patients who do require chromic treatment, the smallest dose and the 

jortest duration of treatment producing a satisfactory clinical response should be 
‘sought. The need tor continued treatment should be reassessed periodically. 

ff signs and symptoms of tardive dyskinesia appear in a patient on antipsychotics, 
drug discontinuation should be considered. However, some patients may require 
treatment despite the presence of the syndrome. 

{For further information about the description of tardive dyskinesia and its clinical 
peo, please reter to ADVERSE REACTIONS and PRECAUTIONS--information tor 

tients) 


Neuroleptic Malignant Syndrome (NMS) A potentially tatal symptom complex 
sometimes referred to as Neuroleptic Malignant Syndrome (NMS) has been reported in 
association with antipsychotic drugs. Cineal manifestations of NMS are hyperpyrexia, 
muscle rigidity. altered mental status {including catatonic signs} and evidence ot 
autonomic: instability (irregular pulse or blood pressure, tachycardia, diaphoresis, and 
cardiac dysthythnvias). Additional signs may include elevated creatine phosphokinase. 
myogiobinuria (rhabdomyolysis) and acute renal failure. 

The diagnostic evaluation of patients with this syndrome is cempicated. in arming at 
a diagnosis tis important to identity cases where the clinical presentation includes both 
serious medical illness (#.g., pneumonia, systemic infection, etc.) and vatreated or 
inadequately treated extrapyramidal signs ami symptoms (EPS). Other important 
considerations in the differential diagnosis include central anticholinergic toxicity. heat 
stroke. drug fever and primary central nervous system (CNS) pathology. 

The management of NMS should include 1) immediate discontinuation of 
antipsychotic drugs and other drugs aot essential to concurrent therapy, 2) intensive 
symptomatic treatment and medical monitoring, and 3) treatment of any concomitant 
serious medical problems for which specific treatments are avaiabie There is no general 
agreement about specific pharmacological treatment regimens for uncomplicated NMS 

If a patient requires antipsychotic drug treatment after recovery from NMS. the 
potential reintroduction of drug therapy shouid be carefully considered. The patient 
should be carefully monitored. since recurrences of NMS have been reported. 

Hyperpyrexia, not associated with the above symptom complex, has been reported 

with other antipsychotic drugs. 
Other Sudden, unexpected deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder These deaths occurred while patients were receiving 
dosages in the range of 1 mg per kg. One possible mechanism: for such deaths is 
prolongation of the QT interval predisposing patients to ventricular arrhythmia. An 
electrocardiogram should be pertarmed before ORAP treatment is initiated and 
periodically thereafter, especially during the period of dose adjustment. 

ORAP may have a himorigenic potential. Based on studies conducted m mice, it is 
known that pimozide can produce a dose related increase in pituitary tumors. The full 
significance of this finding is not known, bit should be taken into consideration in the 
physician's and patient's decisions to use this drug product This finding should be given 
special consideration when the patient is young and chronic use of pimozide ts 
anticipated. (see PRECAUTIONS-Carcinogenesis. Mutagenesis, impairment of Fertility) 


à PRECAUTIONS 

General ORAP (pimozide) may impair the mental and/or physical abilities required tor 
ihe pertermance of potentially hazardous tasks, such as driving a car or operating 
Machinery. especially during the first tew days of therapy. 

ORAP produces anticholinergic side effects and should be used with caution in 
individuals whose conditions may be aggravated by antichotinergic activity. 

ORAP should be administered cautiously to patients with impairment of liver or 
Sidney functicn, because it is metabolized by the liver and excreted by the kidneys. 

Antipsychotics should be administered with caution to patients receiving 

medication. with a history of seizures, or with EEG abnormalities, because 

they may lower the convulsive threshold. It indicated. adequate anticonvulsant therapy 
‘Should be maintained concomitantly. 


Laboratory Tests An ECG should be done at baseline and penodically thereafter 
throughout the period of dose adjustment, Any indication of profongation of OT, interval 
Deyond an absolute fmit of 0.47 seconds ichikdren} or 6.52 seconds paduli, or more 
‘than 25% above the patient s original baseline should be considered a basis for stopping 
further dose increase (see CONTRAINDICATIONS) and considering a tower doss 

Since hypokalemia has been associated with ventricular arrhythmias, potassium 
insufficiency, secondary to diuretics, diarrhea, or other cause. should be corrected before 
ORAP therapy is initiated and normal potassium maintained during therapy. 


Drug Interactions Because ORAP prolongs the OT interval of the electrocardiogram, an 
additive effect on QT interval would be anticipated if administered with other drugs. such 


as phenothiazines. tnoycikc antidepressants of antiarrhythmic agents. which prolong the 
QT interval. Suck concomitant administration should not be undertaken (see 
CONTRAINDICATIONS}. 


ORAP may be capable of potentiating CNS depressants, including anaigesics, 
sedatives, aroaolytcs, and alcohol. 
Carcinogenesis, Mutagenesis. Impairment of Fertility Carcmogenicity studies were 
conducted in mice and rats. In mice, penozide causes a dose-related increase m pituitary 
and mammary Rumors 

When mice were treated for up to 18 months with pimozide, pituitary gland changes 
developed in females only. These changes were characterized as hyperplasia at doses 
approximating the human dose and adenoma at doses about fifteen times the mawnum 
recommended human dose on a mg per kg basis. The mechanism for the induction of 
pituitary tumors in mice is not known 

Mammary gland tumors in female mice were also increased, but these tumors are 
expected n rodents treated with antipsychotic drugs which elevate prolactin levels. 
Chronic administration of an antipsychotic also causes elevated profactin levels in 
humans Tissue culture experiments indicate that approximately one-third of human 
breast cancers are prolactin-dependent in vitro. a facter of potential importance it the 
prescription of these drugs is contemplated in a patient with a previously detected breast 
cancer. Although disturbances such as galactorthea, amenorrhea, gynecomastia, and 
impotence have been reported with antipsychotic drugs. the clinical significance of 
elevatec serum prolactin levels {s unknown for mast patients. Neither clinica! studies nor 
epidemiologie Stuies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence, 
however, is considered too timited to be conclusive at this time. 

in a 24 month carcinogenicity study in rats, animals received up to 50 times the 
maximum recommended human dose. No increased incidence of overall tumors or 
tumors at any site was observed in ether sex. Because ot the limited number of animats 
surviving this study. the meaning of these results is unclear. 

Pimozide did not have mutagenic activity in the Ames test with four bactenal test 
Strains, in the mouse dominant lethal test or in the micronucieus test in rats. 

Reproduction studies in animais were not adequate fo assess ail aspects of fertility. 
Nevertheless. temale rats administered pimozide had prolonged estrus cycles, an effect 
also produced by other antipsychatic drugs 


Pregnancy Category C. Reproduction studies pertormed in rats and rabbits at oral doses 
up fo 8 times the maximurn human dose did not reveal evidence of teratogenity in the 
rat, however, this multiple of the human dose resulted in decreased pregnancies and in 
the retarded development of fetuses. These effects are thought to be due to an inhibition 
‘of delay if implantation which is aiso observed in rodents adrunistered other 
antipsychotic drugs in the rabbit, maternal toxicity, mortality, decreased weight gain, 
and emibryatoxcity including increased resorptions were dose related. Because animal 
reproduction studies are not always predictve of human response. pimozide shouid be 
given to a pregnant woman only if the potental benefits of treatment clearly outweigh the 
potential risks. 


Labor and Delivery This drug has no recognized use in labor of delivery. 


Nursing Mathers itis not known whether pimonde :s excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for tumorigenicity 
and unknown cardiovascular effects in the infant, a decision should be made whether to 
discontinue nursing of to discontinue the drug, taking mto account the importance of the 
drug to the mother 


seed Use Although Tourette s Disorder most often has its onset between the ages of 
ind 15 years, information on the use and efficacy of ORAP in patents less than 72 
me of age is limited. 
Because its use and safety have not been evaluated in other chiidhood disorders, 
ORAP Is not recommended for use in any condition other than Tourette's Disorder. 


ADVERSE REACTIONS 
Generali Extrapyramidal Reactions Neuromuscular {extrapyramidal} reactions dunng 
the adminstration of ORAP {pimozide} have been reported frequently, often during the 
first few days of treatment. in most patents, these reactions involved Parkinson-ike 
symptoms which, when first observed, were usually mild to moderately severe and 
usually reversible 

Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia. 
yperrefiens. opisthatonos, oculogyne crises) have been reported far less frequently 
Severe extrapyramidal reactions have been reported to occur at retatwely low doses 
Generally the occurrence and severity of most extrapyramidal symptoms are dose related 
since they occur at relatively high doses and have been shown to disappear of became 
fess severe when the dose is reduced Administration of antiparkinson drugs such as 
benztropine mesylate or tihexyphenidy! hydrochloride may be required for control of 
such reactions. it should be noted that persistent extrapyramidal reactions have been 
reported and that the drug may have to be discontinued in such cases. 

Withdrawal Emerge: Neurological Signs’ Generally, patients receiving short term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs. 
However, some patients on maintenance treatment experience transient dyskinetic signs 
after abrupt withdrawal. in certain of these cases the dyskinetic movements are 
indsstinguishable trom the syndrome descended below under Tardive Dyskinesia’ except 
for duration. Ht ts not known whether gradual withdrawal of antipsychotic drugs will 
reduce the rate of occurrence of vethdrawai emergent neurological signs but until further 
evidence becomes available, i seems reasonable to gradually withdraw use of ORAP. 

Tarde Dyskinesia’ ORAP may be associated with persistent dyskinesias. Tardive 
dyskinesia, a syndrome consisting of potentially irreversible, involuntary, dyskinetic 
movements, may appear in some patients on long-term therapy or may occur after drug 
therapy has been discontinued. The risk appears to be greater in elderly patients on high- 
dose therapy, especially females The symptoms are persistent and in some patients 
appear irreversible. The syndrome is characterized by rhythmical involuntary 
movements of tongue. face, mouth or jaw (eg. protrusion of tongue. putting of cheeks. 
puckering of mouth. chewing movements}. Sometimes these may be accompanied by 
involuntary movements of extremities and the trunk. 

There is no known effective treatment for tardive dyskinesia: antiparkinson agents 
usually do not alleviate the symptoms of this syndrome Itis suggested that all 
antipsychotic agents be discontinued if these symptoms appear. Shouid } be necessary 
to reinstitute treatment, of increase the dosage of the agent, os switch to a different 
antipsychotic agent, this syndrome may be masked. 

R has been reported that fine vermicular movement of the tongue may be an early 
‘sign of tardive dyskinesia and if the medication is stopped af that time the syndrome may 
hot develop. 

Glectrocardiographic Changes. Eectrocardiographic changes have been observed in 
clinical triais of ORAP in Tourette's Disorder and schizophrenia. These have mcluded 
prolongation of the QT interval, flattening. notching and inversion of the T wave and the 
appearance of U waves. Sudden, unexpected deaths and grand mai seizure have 


occurred at doses above 20 mg/day 
Neuroiepiic Malignant Syndrome- Nesroleptic malignant syndrome (NMS) has been 
reported with ORAP. (See WARNINGS fr borer nfonotan concerning NMS) 
Hyperpyrexia: Hyperpytexia has been reported with other antipsychotic drugs. 
Cizncal Trials The following adverse reaction tabulation was derived from 26 patients in 
4.6 week tong placebo controlled clinica! trial of ORAP in Tourette s Disorder 
Pimozide Placebo 
{N = 20} (R= 20) 
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BodySysteny Pimozide 
Adverse Reaction (N= 20} 


Endocrine 
Menstrual disorder 
Breast secretions 


Musculoskeletal 
Muscle cramps: 
Muscie tightness. 
Stooped posture 


CNS 
Drowsiness 
Sedation 
Insomnia 
Duzzness 
Akathisia 
Rigidity 
Speech disorder 
Handweting change 
Akinesia 
Psychiatric 
Depression 
Excitement 
Nervous 
Adverse behavior 
effect 


Special Sense 

Visual disturbance 4 

Taste change ki 

Sensitivity of eyes 1 
to light 

Decreased accom- 4 1 
modation 
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Spots before eyes 2 1 


Urogenital 
impotence 3 0 


Because clinica! investigational experience with ORAP in Tourette's Disorder is 
limited, uncommon acverse reactions may not have been detected. The physician 
shouid consider that ather adverse reactions associated with antipsychotics may occut. 


Other Adverse Reactions in addition to the adverse reactions listed above, those listed 
below have been reported in US. clinica! trials of ARAP in conditions other than 
Tourette s Disorder 

Body as a Whole. asthenia. chest pain, periorbital edema 

Cardiovascutar/Respiratory Postural hypotension, hypotension, hypertension. 
tachycardia, palpitations 

Gastrointestinal increased saltvation, nausea, vomiting, anorexca, GI distress 

Endocrine: Loss ot libido 

MetaboticNutritional: Weight gain, weight loss 

Central Nervous System: Dizziness, tremor, parkinsonism, fainting, dyskinesia 

Psychiatric. Excitement 

Skin Rash, sweating. skin irritation 

Special Senses’ Blurred vision, cataracts 

Urogenitai, Noctua, urinary frequency 
Postmarketing Reports The following experiences were described m spontaneous 
postmarketing reports. These reports do not provide sutticient information to estabiegh a 
clear causal relationship with the use of ORAP 

Hematologic: Hemolytic anemia 


OVERDOSAGE 

in general, the signs and symptoms of overdosage with ORAP (pimozide) would be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of which would be: 1) electrocardiographic abnormalities, 2) severe 
extrapyramidal reactions, 3) hypotension, 4} a comatose state with respiratory 
depression 

in the event of overdosage, gastric lavage. establishment of a patent amway and. it 
necessary mechancally-assisted respiration are advised. Electrocardiographic 
monitoring should commence immediately and continue until the ECG parameters are 
within the normal ange. Hypotension and circulatory collapse may be counteracted by 
use of intravenous fluads, plasma. of concentrated albumin, and vasopressor agents such 
as metaraminol, phenylephnine and norepinephrine. Epinephrine should not be used In 
case of severe extrapyramidal reactions, antiparkinson medication should be 
admunistered. Because of the jong hatt-ite ot pimozide, patients who take an overdose 
should be observed for at least 4 days. As with all drugs, the physician should consider 
contacting a poison control certer for additional information on the treatment of 
overdose 


DOSAGE AND ADMINISTRATION 

Reliable dose response data for the effects ot ORAP {pimozide} on tic manifestations 
in Tourette's Disorder patients below the age of twelve are not available. Consequently, 
the suppression of fics by ORAP requires a slow and gradual introduction of the drug 
The patient s dose should be carefully adjusted to a point where the suppression of tics 
and the relef aHorded is balanced against the untoward side effects of the drug. 

An ECG should be done at baseline and periodically thereafter. especially during the 
period of dose adjustment (see WARNINGS and PRECAUTIONS~{ aboratory Tests) 

in general, treatment with ORAP should be indiated with a dose of 1 to 2 mg a day in 
divided doses. The dose may be increased thereafter every other day. Most patients are 
maintained at tess than 0.2 mgkg per day. or 10 mg/day. whichever is fess. Doses 
greater than 0.2 mg/kg/day or 10 mg/day are not recommended. 

Penodic attempts shouid be made to reduce the dosage of ORAP to see whether or 
fot des persist at the ievel and extent first dentified. in attempts to reduce the dosage of 
ORAP. consideration should be given to the possibility that increases of tic intensity and 
frequency may represent a transient, withdrawal related phenomenon rather than a return 
of disease symptoms. Specificaily, one to two weeks should be allowed to elapse before 
one concludes that an increase in tic manifestations is a function of the underlying 
disease syndrome rather than a response to drug withdrawal, A gradual withdrawal i$ 
recommended in any case. 


HOW SUPPLIED 
ORAP {pimazid2} 2 mg tablets, white, scored, imprint “LEMMON” and “OQRAP-2"—NOC 
57844-187-01. botties of 100. 
Dispense in tight, light-resistant containers as defined in the official compendium 


Made in Canada 
Manufactured by: 
McNeil Pharmaceutical. (Canada) Ltd. Printed in USA 
Stouttvilie, Ontario L4A 7x7 Rev. A 6/88 


GATE Division of Ce oa aay 
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On Drawing Impairment in Alzheimer’s Disease 


_ Andrew Kirk, MD, Andrew Kertesz, MD 
l ee 


-è Spontaneous drawings of 38 patients, 
diagnosed by the National Institute of 
` Neurological Disorders and Stroke—Alzhei- 
mer’s Disease and Related Disorders As- 
sociation criteria as “probable Alzhei- 
mer's disease,” and of 39 normal control 
subjects were analyzed by two indepen- 
dent observers using a standardized scor- 
ing system. Drawings of patients with 
Alzheimer’s. disease displayed fewer an- 
gles, impaired perspective and spatial re- 
lations, simplification, and overall impair- 
ment compared with those of the control 
subjects. This represents a combination of 
the deficits seen following right- and left- 
hemisphere lesions. Neglect, tremor, and 
perseveration were not prominent. Draw- 
“ing impairment was relatively independent 
of language or memory impairment, but 
drawing performance was related to per- 
ceptual and executive dysfunction in the 
visuospatial domain. Deterioration was 
followed up for up to 3 years. 
(Arch Neurol, 1991;48:73-77) 


Deficits in constructional abilities, 
including drawing, are often early 
“signs of degenerative dementia.’ The 
importance of investigating these as- 
pects of dementia has been brought out 
by Henderson et al,‘ who demon- 
strated that patients with Alzheimer’s 
disease (AD) who perform poorly on 
drawing tasks more often wander and 
become lost, making their manage- 
ment difficult and predisposing them 
to complications.* Despite the obvious 
clinical relevance of constructional 
ability and despite a sizable body of 
literature contrasting the characteris- 
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tics of drawing impairment after 
right- and left-hemisphere damage,°” 
comparatively little is known about 
how dementia affects constructional 
performance. 

Following Kleists” 1922 work on 
“constructional apraxia,” there were 
some early descriptions of construc- 
tional disability in dementia, notably 
by Lhermitte and Trelles™ and by May- 
er-Gross.2 In retrospect, most of the 
latter’s cases probably represented 
multi-infarct dementia. Gainotti® 
confirmed and refined Mayer-Gross’s* 
observations on closing-in—a_ ten- 
dency (uncommon in those with uni- 
lateral cerebral damage) for demented 
patients to draw directly on the model 
in copying tasks. 

Benton and Fogel?’ documented a 
high incidence of constructional dis- 
ability in patients with unspecified 
“diffuse or bilateral lesions,” com- 
pared with control subjects and with 
subjects with single lesions. Villa et 
al?* contended that coexistent mental 
deterioration is an important determi- 
nant of the degree of constructional 
disability in patients with unilateral 
lesions. The relevance of these results 
to AD is uncertain, especially in light 
of the demonstration, in a small num- 
ber of patients with AD, that drawing 
may be more impaired in those with 
positron emission tomographic evi- 
dence of more marked right than left 
parietal hypometabolism.” It is thus 
unclear whether drawing disability in 
AD is a result of widespread cerebral 
dysfunction or is instead due to dam- 
age to specific cortical areas. 

Since Paterson and Zangwill’s® pio- 
neering 1944 investigation, several 
authors’? have confirmed that, 
despite tremendous variability, the 
drawings of patients with right-brain 
damage (RBD) tend to display hemi- 
spatial neglect and a piecemeal ap- 
proach in which individual details may 
be represented well but are not placed 


in accurate spatial relationship with 
one another. On the other hand, pa- 
tients with left-brain damage (LBD) 
produce simplified, tremulous draw- 
ings with fewer angles.” On the 
basis of such qualitative differences, 
Duensing,” Piercy et al,° and MeFie 
and Zangwill** developed the hypothe- 
sis that RBD drawing disability is due 
to a visuoperceptual deficit, while LBD 
drawings are impaired by an executive 
defect. This formulation has not been 
borne out by later investigators, 
who found that patients with construc- 
tional disability performed more 
poorly on visuoperceptual tests than 
did those without constructional dis- 
ability, no matter which hemisphere 
was damaged. Detailed investigations 
along these lines have not, to our 
knowledge, been carried out in AD. It 
is not clear whether patients with AD 
make typical RBD errors, LBD errors, 
both, or neither. The roles of percep- 
tual vs executive deficits in AD con- 
struction also remain to be elucidated. 

Drawing is known to worsen as AD 
progresses," but the relationship be- 
tween deterioration of construction 
and of other cognitive functions, such 
as language and memory, has impor- 
tant implications with respect to how 
cognition is impaired in AD. Stage 
models of AD propose simultaneous 
and homogeneous deterioration of dis- 
parate functions as the disease pro- 
gresses””; on the other hand, sub- 
group models postulate separate pop- 
ulations of patients characterized by 
predominance of one or another type 
of symptom, especially early in the 
illness.” As drawing impairment par- 
allels impairment of comprehension in 
patients with LBD,“ the interac- 
tion between drawing and aphasia is 
particularly important. 

Using a standardized rating system, 
previously demonstrated to be an ef- 
fective instrument in the study of 
drawing after focal cerebral damage,” 
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we compared the spontaneous draw- 
ings of patients with probable AD with 
those of control subjects to determine 
chow drawing is affected by AD. Retest- 
ing examined drawing deterioration 
with disease progression. Through 
concomitant testing of other neu- 
ropsychologic functions, we explored 
the relationships between drawing, 
memory, language, and visuopercep- 
tual function in AD. Using computed 
tomography and magnetic resonance 
imaging, we hoped to ensure a more 
homogeneous group of patients than 
were included in studies of drawing in 
dementia from the pre-computed to- 
mography era. 


PATIENTS AND METHODS 
Patients 


Thirty-eight patients diagnosed as 
“probable AD,”* according to the National 
Institute of Neurological Disorders and 
Stroke-Alzheimer’s Disease and Related 
Disorders Association criteria and 39 nor- 
mal control subjects were included in our 
study. Because of the documented impor- 
tance of impaired comprehension in draw- 
ing disability, **? we were careful not to 
exclude subjects with AD on the basis of 
aphasia. Exclusions were made only if there 
was diagnostic uncertainty after complete 
neurologic and laboratory assessment, or if 

_ there wasa history of stepwise progression, 
stroke, or other neurologic disease. Control 
subjects were patients’ spouses, hospital 
employees, and other volunteers without 
history of neurologic disease or of any other 
illness likely to impair drawing (eg, sub- 
stantial arthritis). Control subjects were 

-required to score above 124 on the Mattis 
Dementia Rating Scale.” The two groups 

did not significantly differ in age (AD: 70.0 

‘years, SD, 9.3; control: 65.9 years, SD, 8.5; 

P >.05) or educational attainment (AD: 

11.1 years, SD, 4.1; control: 11.9 years, SD, 

2.8; P > .8). 


Procedure 


The Western Aphasia Battery (WAB),* 
Raven’s Coloured Progressive Matrices,* 
Wechsler Adult Intelligence Scale-Re- 
vised,* Wechsler Memory Seale,” and De- 
mentia Rating Scale* were administered to 
all patients with AD at the time of their 
initial referral by a neurologist for neu- 
ropsychologic assessment (test 1). The 
WAB drawing subtest was administered by 
asking each patient to draw spontaneously 
(not copy} a circle, cube, square, clock, tree, 
house, and person, after being shown a 
sample drawing for 10 seconds, as specified 
in the WAB instructions. Control subjects 
performed the same subtest. As part of an 
ongoing study, patients with AD have been 
retested at yearly intervals, wherever pos- 
sible. Retesting always includes the WAB. 
Twenty-seven patients have been retested 
at 1 year, 14 of those at 2 years, and six 


again at 3 years. Disease duration at the 


time of initial testing was estimated by 
history from the patient, his family, and his 
medical record. All patients with AD un- 
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Table 1.—Criteria Used to Rate Drawings * 





Scale 
0, normal 
1, mildly abnormal 
2, moderately abnormal 
3, severely abnormal 
Overlap 


Spatial relationships 


Simplification 
Angle production 


not rated) 
Perseveration 


Tremor 
Tendency for lines to be shaky 
Perspective 
rated) 


Overall impairment 
Rating of each drawing as a whole. 


Orientation 


the drawing leans (circle not rated) 
Neglect 


Displacement 





Details 
Details externalized 


not rated) 
Angles 


Redrawn lines 
Line production 


Line joining 

No. of gaps separating lines that should meet 
Line crossing 

No. of crossings of lines that should just meet 
Extras 





* From Kirk and Kertesz.” 


derwent computed tomographic and 26 also 
underwent magnetic resonance imaging 
seans. 

Each set of seven drawings from a single 
WAB session was assigned a random num- 
ber and identifying data were masked. 
Drawings were then scored independently 
by two raters (one a physician, one with no 
training in medicine or psychology) who did 
not know whether a given drawing had been 
produced by a patient with AD or by a con- 
trol subject or whether a drawing resulted 
from an initial assessment or from a retest. 
Raters analyzed drawings according to the 
criteria shown in Table 1; each drawing was 
rated individually unless otherwise stated. 
High interobserver agreement has previ- 
ously been demonstrated for this scoring 
system.” For each item in-Table J, scores 
from the seven individual drawings were 
added to give a series of total item scores for 
each testing session. The mean of the two 





items Rated on 0-3 Scale 


Tendency for separate drawings to be superimposed (single rating for all drawings) 


Tendency for components of drawings to be put together abnormally with respect to one another in 
a piecemeal fashion, so that the whole picture is distorted, resembling an “exploded diagram” 


Tendency to oversimplify the drawing, leaving out details 


Difficulty forming angles with a tendency to represent them as gaps, scrawls, or curved lines (circle 


Tendency to redraw lines, parts of the drawing, or the entire drawing 


Tendency for three-dimensional perspective to be poorly represented (only cube, house, and person 


Items Rated on —3 to +3 Scale 
Scoring system as above but with negative numbers indicating leftward error and positive rightward 


Tendency for drawings to be placed diagonally on the page. Sign indicates the side away from which 


Tendency for one side of the drawing to be incomplete or uncerdeveloped 


Tendency for drawings to be displaced toward one side of the page (single rating for all drawings) 
items Counted 


Total No. of details included (eg, numbers, hands, windows, facial features) 


No. of details incorrectly placed outside rather than inside the outline of the drawing (circle and square 


Total No. of angles drawn and percentage acute, right, and obtuse (clock, tree, and person not rated) 
No. of lines that have been overdrawn at least once 


Total No. of lines drawn (only circle, square, and cube rated) 


No. of items spontaneously drawn in addition to those requested (single rating for all drawings) 























































raters’ scores became each subject’s final 
score for each item for each testing session. — 
Reliability of the ratings (as assessed by 
Pearson Product-Moment correlation coef- , 
ficients between the two raters’ scores for 
each item in Table 1, corrected by the 
Spearman-Brown formula, since final 
scores were means of two raters’ scores) 
was acceptable. The mean reliability coef- 
ficient for the items in Table 1 was 0.79. 

Because multiple comparisons were per- 
formed, P < .005 was used as a conservative 
criterion of significance for each statistical 
comparison. 


RESULTS 


At test 1, in the patients with Al 
mean disease duration was 29.0 
months (SD, 18.1). Their mean WAB 
aphasia quotient. was 86.0 (SD, 10.8); 
Wechsler Adult Intelligence Scale-Re- 
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Alzheimer's Disease (AD) With Student 


Table 2.—Mean Drawing Scores for Control Subjects and Patients With Probable 
’s t Test Significance of Difference * 


Control Subjects, 


AD, Score 



















































































: Score (SD) (SD) Po 
< Overlap 0.04 (0.14) 0.05 (0.23) __NS 
Orientation 0.96 (1.97) 0.92 (2.07) NS 
“Po Details externalized 0.35 (1.92) 1.16 (2.96) NS 
{> Percentage right angles 26.15 (16.43) 28.97 (17.04) NS 
‘Percentage acute angles 39.96 ( 10.49) 39.70 (1 1 51) NS 
Percentage obtuse angles 33.23 (8.58) = 314.35 (13.30) NS 
Redrawn lines 4.01 (4.39) 3.95 (3.72) NS 
Line production 14.08 (2.16) < 13.30 (4.20) NS 
Line joining 12.13 (8.48) 11.24 (9.31) NS 
Line crossing 7.61 (4.28) 7 6.96 (3.80) NS 
Extras 0.23 (0.40) 0.41 (1.02) NS 
-Angle production 0.88 (1.20) 0.64 (0.85) NS 
< Neglect 0.01 (0.31) 0.09 (0.49) NS 
| Displacement —0.24 (0.46) 0.24 (0.59) NS 
Details 37.13 (47.57) 23.20 (11.29) NS 
Perseveration 0.87 (0.98) 1.30 (1.72) __NS 
Tremor 2.22 (3.28) 2.67 (2.78) NS 
Spatial relations 1.00 (1.23) 2.29 (2.49) <.005 
Total No. of angles 28.33 (5.06) 23.26 (8.59) <.002 
Perspective 2.17 (1.82) 3.80 (1.93) <.0005 
Simplification 1.77 (1.68) 4.58 (4.22) ““<.0005 
Overall impairment 5.20 (3.25) 9.34 (4.49) 









“NS indicates not significant. 


* vised verbal IQ, 83.5 (SD, 12.6); perfor- 
“mance IQ, 79.7 (SD, 18.4); full scale IQ, 
< 81.0 (SD, 12.7); Dementia Rating Scale 
“total: score, 99.6 (SD, 20.0); and 
= Wechsler Memory Scale memory quo- 
tient, 75.4 (SD, 14.6). Table 2 summa- 
rizes subjects’ drawing scores. It can 
be seen that patients with AD included 
significantly fewer angles and that 
they showed more impairment of per- 
spective and spatial relations, more 
simplification, and more overall im- 
pairment. 
The Pearson Product-Moment cor- 
relation coefficients between overall 
¿drawing impairment and each of the 
o WAB language scores (information 
content, fluency, comprehension, repe- 
tition, naming, and aphasia quotient) 
“were all nonsignificant. There were 
also no significant correlations be- 
tween overall drawing impairment 
and any of the Wechsler Memory Scale 
memory. scores, including memory 
quotient. The WAB subtests signifi- 
cantly correlated with overall drawing 
impairment were reading (r = —.64; 
P < 001), writing (r = —.62; P < .001), 
and praxis (r= —.50; P <.001). The 
significant correlations of drawing im- 
pairment with Wechsler Adult Intelli- 
gence Scale-Revised IQs or subtest 
scores were with arithmetie (r = —.58; 
= P:<.001), picture arrangement (r= 
=—B9; P < .001), block design (r = —.64; 
P<.001), and object assembly 
(y= —.67; P < .001). The only Demen- 
itia Rating Scale score significantly 
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Table 3.—Pearson Product-Moment 
Correlation Coefficients () Between 
Drawing Scores and Disease Duration 
Since Initial Testing 





Spatial relations 
Perspective 
Simplification 
Overall impairment 
Total No. of angles 


correlated with drawing impairment 
was construction (r = —.53; P < .001). 
Overall drawing impairment also cor- 
related significantly with score on 
Raven’s Coloured Progressive Matri- 
ces (r = —.59; P < .001). 

None of the drawing scores of either 
patients with AD or control subjects 
were significantly correlated with age. 

To study how drawing deteriorates 
as AD progresses, we examined the 
correlations between the significantly 
impaired drawing item scores from 
Table 1 (simplification, perspective, to- 
tal number of angles, spatial relations, 
and overall impairment) and disease 
duration since the first test. These 
retest results are shown in Table 3 and 
a typical example of drawing deterio- 
ration over three yearly tests is shown 
in the Figure. 


COMMENT 


Table 2 shows that drawings of pa- 
tients with AD are worse than draw- 














































Top, Drawing of a house by a 69-year-old 


woman with probable Alzheimer’s disease of 2° 


years’ estimated duration. Note poor perspec: 
tive and mild difficulty with spatial relations be~- 
tween components. Middle, Drawing by same 


patient, 1 year later. Note simplification and. . a 
lack of perspective. Bottom, Drawing by same: ae 


patient, disease duration now 4 years. Note 
further simplification. 


ings of control subjects in several re- 


spects. Simplification and a reduced” - 


number of angles (without alteration 
in the proportions of each type of an- 
gle) are characteristics shared be- 
tween patients with AD and patients 
with LBD.” Impairment of spatial re- 
lations, also found in drawings of pa- 
tients with AD, is a fundamental RBD 
deficit 22213 Impaired perspective is 


a fault shared by AD, LBD, and RBD2 


Thus, drawings of patients with AD 
appear to be affected by deficiencies 
typical of both left- and right-hemi- <) — 
sphere damage. There are some impor- 
tant, and not unanticipated, excep- 
tions to this general rule. Construc- 


tions by patients with AD do not“ A 


Alzheimer's Disease —Kirk & Kertesz = 75. 














display the hemispatial neglect typical 
of RBD drawings. This finding is con- 
sistent with the usual bilateral and in- 
sidious nature of AD. Neglect. gener- 
ally recovers substantially after acute 
unilateral lesions and is unusual in de- 
generative diseases, even those, such 
as hemiparkinsonism, in which struc- 
tures important in attention may be 
affected asymmetrically." Lack of 
neglect in AD drawing attests to the 
brain’s ability to compensate for 
slowly progressive damage to atten- 
tion and intention systems, and par- 
ticularly to the relative symmetry of 
the disease in question. 

Unlike LBD drawings, AD drawings 
are not more tremulous than control 
subjects’ drawings. However, LBD 
tremulousness is a feature closely 
linked to severity of right hemi- 
paresis,” not a characteristic of AD. 

Perseveration has been found to be a 
deficit common to both LBD and RBD 
drawings” but is not seen in the cur- 
rent series of patients with AD. Al- 
though perseveration is considered 
common in AD,” there are several po- 
tential explanations for our result. 
. First, the overwhelming tendency of 
“ patients with AD to simplify their 
drawings may outweigh any propen- 
sity to perseverate. Second, it is verbal 
rather than nonverbal perseveration 
that has been found to be most typical 
of AD.®® Third, even verbal persever- 
ations are an infrequent phenomenon 
in the individual patient” and our brief 
drawing test may not have been exten- 
sive enough to bring out instances of 
perseverative behavior. Finally, be- 
cause of the nature of the task, our 
techniques are more sensitive to recur- 
rent, than to stuck-in-set or continuous 
perseveration,“ which could poten- 
tially occur independently in the non- 
verbal behavior of patients with AD or 
at different times in disease progres- 
sion. 

It should be borne in mind that test 
1 represents the first neuropsychologic 
assessment of the patients with AD. 
Thus, this group with early AD is 
likely to show less drawing impair- 
ment than would a group of patients 
with advanced disease. 

Although some previous data” seem 
to suggest that drawing is worse with 
diffuse than with unilateral disease, 
direct quantitative comparison of 
drawing deficit severity between AD, 
RBD, and LBD would provide little 
useful information. Lesion size, useful 
in ensuring uniformity between LBD 
and RBD, is meaningless as a control 
in AD as drawing quality depends on 
the advance of the disease. 

We found overall drawing impair- 
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ment related to performance in several 
other areas. The Dementia Rating 
Scale construction, Wechsler Adult In- 
telligence Scale-Revised picture ar- 
rangement, block design, and object 
assembly clearly share with drawing 
underlying cognitive and motor pro- 
cesses in the visuospatial domain. 
Reading and Raven’s Coloured Pro- 
gressive Matrices, both of which re- 
quire considerable visuoperceptual 
ability; writing, which makes demands 
on graphomotor executive function; 
and praxis, another executive ability, 
are all significantly correlated with the 
degree of drawing impairment in AD. 
This relationship with both perceptual 
and executive abilities implies that 
drawing disability in patients with 
AD, displaying characteristics typical 
of both RBD and LBD drawing, may 
reflect the presence of both a receptive 
and an executive visuospatial deficit 
(or dysfunction of a more basic cogni- 
tive mechanism common to both pro- 
cesses). To some extent a bitemporo- 
parietal disease, AD is a disorder em- 
inently capable of damaging both 
components of this dichotomy pro- 
posed by Duensing.” 

Of even more interest than the sig- 
nificant correlations between drawing 
impairment and certain cognitive 
functions is the absence of a strong re- 
lationship between drawing and lan- 
guage or memory. Previous investiga- 
tions of these interrelationships have 
proven inconclusive. Huff et al“ de- 
scribed significant association be- 
tween an overall constructional score 
and memory and language scores in 
AD. Henderson et al‘ found a signifi- 
cant relationship between drawing 
and naming but not between drawing 
and memory. On the other hand, Mor- 
ris et al®* identified, through factor 
analysis, three principal components 
explaining much of the variation in 
neuropsychological test performance 
in AD. These three factors, memory, 
language, and constructional perfor- 
mance, correspond to the three disso- 
ciated abilities in our study. Martin et 
al? found strong relationships be- 
tween various constructional tasks 
and between various verbal tasks but 
little correlation across these groups. 
They used their finding of two distinct 
patterns of AD deficit as support for a 
subgroup rather than for a stage model 
for AD. Although our results must be 
interpreted in the light of this conflict- 
ing literature, they would also be more 
compatible with a subgroup model of 
AD. According to such a model, con- 
struction, language, and memory 
would be relatively distinct cognitive 
abilities, deficits of which coexist but 


do not necessarily develop in parallel 
in this degenerative disease. Stage and 
subgroup models are not mutually ex- 
clusive. It may be that specific abilities 
can be impaired relatively selectively 
early in the illness but that once a 
critical point is reached, global cogni- 
tive impairment must ensue.” It is 
worth noting that, in accord with this 
idea, the mean estimated disease du- 
ration is longer (63 months) in the 
study of Henderson et al, which is 
more in keeping with a stage model, 
than in any of the cited investigations 
compatible with a subgroup model (52 
months in the study of Morris et al°*; 41 
months in that of Martin et al”; 29 
months in this study). Unfortunately, 
no estimate of duration is given in the 
study of Huff et al“ supporting a stage 
model. Longitudinal studies, begin- 
ning early in the illness, and specifi- 
cally addressed to these issues are 
likely to prove most fruitful in clarify- 
ing the temporal roles of these two 
models in AD. 

From Table 3, it can be seen that, al- 
though AD drawing deficits worsen 
with time, the correlations are, for the 
most part, modest. Longitudinal be- 
havioral studies of dementia“ have 
described much variability in the ra- 
pidity of cognitive decline in AD, with 
deterioration occurring over several 
years. It is likely that more patients 
must be followed up longer than in our 
study to display more dramatic dete- 
riorations in drawing quality. 

Drawings of patients with AD dis- 
play a combination of the deficits seen 
in both right- and left-hemisphere dis- 
ease and our data suggest that both a 
perceptual and an executive visuospa- 
tial deficit are present. Severity of 
drawing impairment is relatively in- 
dependent of severity of amnesia or 
language deficit. 

Cognitive models of drawing, which 
may explain the associations and dis- 
sociations seen in patients with de- 
mentia and in those with focal lesions, 
need to be explored® and are likely to 
increase our understanding of the pro- 
cesses underlying normal drawing. 
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hyperactivity, agitation, severe headache, hallucinations, tismus. dpisthotonus, convulsions, and coma. rapid and iregular pulse, hypertension, 
hypotension and vascular collapse: precordial pain. respiratory depression and failure, hyperpyrexia, craphoresis, and cool, clammy skin. 
Treatment Suggestions tor Overdose 
hl cesmgabioidictg i arb Witt aeie giii overslaan, the 1oliowr tng sug geriy bmi upon ha marpo 
that selegifine overdose may be by non-selective MAOI poisoning. in any case, up-to-date information about the treatment 
of overdose can offen be obtai aioe Contrat Gon d one numbers of certified Poison Control 
Centers are listed in the Physician's Desk Reference (PDR). 

Treatment of overdose with non-seleciive MAOIs is symptomatic and supportive. Induction of emesis or gasine lavage with nstdlaton oi charcoal 
slurry may be helpful m early poisoning, provided the airway has been protected against aspration Sighs and symptoms of central nervous 
system stimulation, including convuls uld be weated with diazepam, given slowly intravencusly Phenothiazine denvatves ang central 
nervous sysiem stimulants sh ed Hypotension and vascular collapse should be Heated with intravenous fluis and, d necessary 
blood pressure tration with an intravenous infusion of a pressor agent. # should be noted that adrenergic agents may produce a markedly 
increased pressor response 

Respiration should be supported by appropriate measures. incivilag management of the airway, 
venttalory assistance, as required. 

Body temperature should be mentored closely intensive 
balance is essential 


DOSAGE AND ADMINISTRATION: 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE} is intended ior adminishation to Parkinsonian pai 
who demonstrate a deteriorating response fo this treatment The coc nied regimen for the i LDEPRYL* (SELEGILING 
HYDROCHLORIDE) is 10 mg pet day administered as Guided doses of 5 mg each taken at breaklas! and lunch. There is no evidence that 
additional benefit wili be oblained from the administration of higher doses. Moreover higher doses should ordinarily be avoided because of 
the increased risk of side effects , 

Afer two to three days of seiegiine treatment, an allempt may be made to feduce the dose of ievadopa'carbidopa. A reduction of 10 to 
30% was achieved with the tyoical participant in the domestic placese contvatled trials who was assigned 1 selegdine treatment Further reductions 
of ievodona ‘carbidopa may be possible during continued selegiine therage 
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Tegretol? 


carbamazepine USP 
Chewatie Tablets of 100 mg—red-speckled, pink Tablets of 206 mg—-pink 


f WARNING 


APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER. THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS ANO APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES OB- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS, COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED iF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 
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Botore prescribing Tegretol, the physician should be thoroughly famitiar with the 
details of this prescribing information, particutarty regarding use with other drugs. 
expecially those which accentuate toxicity potential. 


DESCRIPTION 

Tegretol, carbamazepine USP Is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 200 mg and tablets of 200 mg tor orat 
administration its chemical name is SH-dibenzib.fazepine-5-carboxamide, and its struc- 


tural formula is 
N 


| 
CONH? 
Carbamazepine USP is a white to off-white powder. practically insoluble in water and 

soluble in aiconoi and in acetone. its molecular weight 1S 236.27 
inactive Ingredients Colioidai silicon fonde FD&C Red No 3 (chewable tablets only). 
FO&C Red No 40 {20-mg tablets oniy), flavoring {cnewable tablets only}. geiatn 
glycerin. magnesium stearate. sodium starch giycotate {chewable tablets oniy) starch 
stearic acid, and sucrose (chewable tablets anty} 


CLINICAL PHARMACOLOGY 
In controlled clinical tnais, Tegretol has heen shown to be effective n the treatment of 
psychomotor and grand mai seizures, as weli as tngemsnai neuralgia 

it has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically duced segures it appears to act by reducing polysynaptic responses and 
blocking the post-tetanic potentiation Tegretol greatly reduces or abolishes paint induced 
by stimulation of the intraorbitat nerve in cats and fats i! depresses thalamic potential and 
bulbar and polysynaptic refiexes, including the hnguomandibutar reflex in cats. Tegretot is 
chemicatly unrelated to other anticonvulsants or other drugs used to controt the pain of 
trigeminal neuralgia The mechanism of achon remains ucknown 

Tegretoi tablets are adequately absorbed after oral administration at a siower rate than a 
solution. thus avording undesirably high peak concentrations Tegreto! chewable tabiets. 
may produce gner peak levels than the same dose given as regular tablets Tegretol in 
blood 1 76% bound to plasma protems Plasma ‘evels ot Tegretol are variable and may 
range from 0 5-25 poimi, with no apparent relationship to the daily intake of the drug 
Usual adult therapeutic levels are between 4 and 12 ug'mi Following oral administration 
serum levels peak at 4 to 5 hours The CSF/serum ratio ss 0 22. similar to the 22% 
unbound Tegretol in serum Because Tegreto! may induce its own metabolism. the nait-tite 
1 also variable, Inital halt-lite values range trom 25-65 hours. with 12-47 nours on 
repeated doses Tegretol ss metabolized in the hver After oral administration af 14C-carba- 
mazepine, 72% of the administered radioactivity was found in the urine and 2B% in the 
feces This urinary radioactivity was composed largely of hydroxylated and conjugated 
metabolites. with onty 3% of unchanged Tegreto! Teanspiacental passage of Tegretot ss 
rapid (30 to 60 minutes). and the drug is accumulated in fetal tissues with higher levels 
found im hver and kidney than in brain and lungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretoi ıs indicated tor use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anbconvulsant was detrved from active drug-controtied studies 
that enrolled patients with the following seizure types 
1 Partal seizures with comptex symptomatology (psychomotor. temporal lode; Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tone-clome seizures (grand mal) 
3 Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

‘Absence seizures (petit mal) do not appear to be controiied by Tegretol (see PRECAU- 
TIONS, General) 
Trigeminal Neursigia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuraigns 

Beneficial results have aiso been reported in glossopharyngeal neuralgia 

This drug is Not a simple analgesic and shouid not be used for the reliet of tnviai aches or 
pains 
CONTRAINDICATIONS 
Tegreto! should not be used in patients with a history of previous bone marrow depression. 
hypersensitivity to the drug. oF known sensitivity t0 any of the tricyche compounds. such 
aS amutnptyiine. desipramine, imipramine protreptyiine. nortriptyine etc Likewise. on 
theoretical grounds its use with monoamine oxidase inhibitors i5 not recommended 
Betare administration ot Tegretol. MAQ intubitors should de discontinued for a mumum 
of tourteen days. of ionger it the clinical situation permits 


WARNINGS 
Patients with a history of adverse hematotogie reaction to any drug may be parhculary at 
nask 

Severe dermatologic reactions including towe epidermal necrolysis (Lyells syndrome} 
and Stevens-Johnson syndrome, have been reported with Tegretoi These reactions have 
been extremely rare However, a few fatalities nave been reported 

Tegreto! nas shown med anticholinergic activity, therefore. patients wth increased 
intraocular pressure Should be closely observed dunng therapy 

Because of the relationship of the drug to other incycic compounds. the possitiity of 
achvahon of a latent psychosis and, in elderly patents. of confusion or agitation should de 
borne i mind 


PRECAUTIONS 
Ganerat: Betore inthating therapy. a detailed history and physical examination should de 
made 

Tegretol should be used with caution i parents with a mixed seizure disorder that 
includes atypical absence seizures. since in these patents Tegretol has been associated 
with increased frequency af generalized convuisions isee INDICATIONS AND USAGE} 

Therapy should be prescribed onty after critical Denaft-to-nsk appraisal in patents wth 
a mstory of cardiac. hepatic or renal damage adverse hematologic reaction to other 
drugs. of interrupted courses of therapy wath Tegretoi 
information for Patients: Patients shouid be made aware of the early toxic signs and 
symptoms of a potentia! hematologi probiem . such as fever sore throat, uicers i the 
moult, easy drusing, petechal or purpunc nemorrhage and should be advised to report 
to the physician emmediately 1f any such SGAS GF symptoms appear. 

Since dizzmess and drowsiness may occur patients should be cautioned adeut the 
hazards of operating machinery or automobiles or engaging 9 other potentially dangerous 
TASKS 
Laboratory Tests: Compete pretreatment Dicad counts. inciuding platelets and possibly 
reticulocytes and serum van. should be obtained as a baseine ifa patient in the course of 
treatment extutits iow or decreased white blood cei! or piateiet counts. the patient shoud 


be monitored closely Discontinuation of the drug should be considered f any evidence of 
significant bone marrow depression develops 

Baseline and penodic evaluations of ver function. particularly in patients with a history 
of liver disease, must be performed during treatment with this drug since byer damage 
may occur The drug shouid be discontinued mmedalety n cases of aggravated iwer 
dystunchon of active iver disease 

Baseline and penodic eye examinations, :ncluding siit-iamp. tunduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete onnalysis and BUN determinations are recommended 
jor patients treated with ths agent because of abserved renal dysfunction: 

Monstoring of blood levels (see CLINICAL PHARMACOLOGY! nas increased the etticacy 
ang safety of anticonvulsants This manitonng may de parhcularly useful in cases of 
dramane merease in seizure Requency and tor verification af compliance in add@tor 
measurement of drug serum ievels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported tO show decreased values with Tegretol 
admimstered aione 

Hyponatremia has been reported in association with Tegreto! use. ether atone oron 

combination with other drugs. 
Drug interactions: The simultaneous administration of phenobarbital, phenytoin. oF 
primigone. or a combination of two. produces a marked ‘owenng of serum ievels of 
Tegreta! The etfect ot vaiproic acid on Tegretol Blood levels is not clearly established 
atthough an sncrease in the ratio ot active 10. 1t-epoxide metaboiite 10 parent compound 1s 
a consistent finding 

The hatt-ives of phenytoin. wartann , doxycycine and theophylline were signiticantiy 
shortened when administered concurrently with Tegretol Hafopendo! and vaiproic acid 
serum levels may be reduced when nese drugs are admmstered with Tegretol The doses 
of these drugs may therefore nave to be increased when Tegretol 1s added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin, cimetidine. propoxyphene 
sSorvazd or calcium channe! Biockers has been reported to resultin elevated plasma ieveis 
of carbamazepine resulting in toxicity in some cases Also. concomitant administration of 
carhamazepine and ithiam may increase the tisk of neurotoxic side effects: 

Alterations of thyroid tunchon have been reported i combination therapy with other 
anhconvulsant medications 

Breakthrough bieeding has been reported among patents receiving concomitant oral 
contraceptives and ther: relabitty may be adversely affected 
Carcinogenesis, Mutagenesis, impairment of Fertility: Carbamazepine. when admims- 
tered to Sprague-Dawley rats for two years in the diet at doses of 25. 75. and 250 
mog/kg/day. resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of bemgn intershtial cet adenomas in the testes of maies 

Carbamazepine must. theretore. be considered to be carcinogenic in Sprague-Dawley 
rats Bactenai and mammahan mutagenicity studies using carbamazepine produced 
negative results The significance of these findings relative to the use of carbamazepine in 
humans is. at present. unknown 
Pragnancy Category C: Tegretoi has been shown to have adverse effects in reproduction 
studies in rats when given orally m dosages 10-25 smes the maximum human dariy dosage 
‘of 1200 mg in rat teratotogy studies. 2 of 135 oftspnag showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate. 1. talipes t 
afopnthaimos. 2) In reproduction studies in rats. nursing oftspring demonstrated a lack 
of weight gain and an unkempt appearance at a materna! dosage ievel of 200 mgAg 

There are no adequate and weit-controtied studies in pregnant women Epidemiological 
dala suggest that there may be an association between the use of carbamazepine during 
pregnancy and congenital mattormations, including spina bifida Tegretol should be used 
during pregnancy only it the potential benefit justifies the potential sk to the fetus 

Retrospective case reviews suggest that. compared with monotherapy. there may be a 
higher prevalence of teratogenic eects associated with the use of anticonvulsants 1n 
combination therapy Therefore. monotherapy 1s recommended for pregnant women 





Only TEGRETOL. 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet. as well as 
a 200-mg scored tablet. 





itus important to note that anticonvuisant drugs shouid not be discontinued 19 patients 
in whom the drug is administered to prevent major serzures because of the strong 
possibtlity of precipitating status epilepticus with attendant hypowa and threat to hte in 
individua! cases where the severity and frequency of the seizure disorder are such that 
removal of medicatian does not pose a serious threat to the patient. discontinuation of the 
drug may be considered pror to and during pregnancy, although t cannot de said with any 
confidence that even minor seizures do not pose some hazard ta the developing embryo of 
fetus 
Labor and Delivery: Ine ettect of Tegretol on human ianor and deivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk ss approximately 60% 
‘of the maternai plasma concentration 

Because of the potential for serous adverse reactions im nursing infants from car 
bamazepine, a decision should be made whether to discontinue nursing of to discontinue 
the drug. taking into account the importance of the drug to the mother 
Pediatric Use: Satety and effectiveness in children below the age ot $ years have not been 
estabhshed 


ADVERSE REACTIONS 
if adverse reactions are of such severity that the drug must be discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epdepticus with its iMe-threatening 
hazards 

The most severe adverse reactions have been observed i the hemopoietic system (see 
boxed WARNING). the skin and the cardiovascular system 

The most frequently observed adverse reactions particularity during the ankal pnases of 
therapy, are dizziness. drowsiness. unsteadiness. nausea. and vomiting To minimize the 
possibility of such reactions. therapy should be imitated at the iow dosage recommended 

The faifowing additional adverse reactions have Deen reported 
Hemoporebc System Apiaste anemia. agranulocytosis pancytopema, bone marrow 
depression, thrombocytopenia. leukopenia. leukocytosis, eosmmopmulia, acute mterminent 
porphyna 
Ski Prunte and erythematous rashes. urticana, touc epidermal necrolysis ilyes 
syndrome) (see WARNINGS). Stevens-Johnson syndrome (see WARNINGS). photosen- 
sanity reachons. atterahons in skin pigmentation. extoviatve dermatitis, erythema mult- 
forme and nodosum, purpura. aggravation of disseminated lupus erythematosus 
alopecia. and diaphoresis 19 certain cases. discontinuabon of therapy may be necessary 
Cardiovascular System Congestive heart failure. edema aggravation of hypertension. 
hypotension, syncope and collapse. aggravation of coronary artery disease. arrhythmias: 
and AV block, primary thrombophiebitis, recurrence of thrombophlebitis and adenopathy 
or tymphadenopathy 

Some of these cardiovascular comphcations have resulted in tataities Myocardiat 
infarction has been associated with other tricyclic compounds 
Liver, Abnormaithes in hver function tests. cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterized dy tevet dyspnea. pneu 
monts of pneumonia 
Genitourinary System Unnary trequency. acute urnaty retention. akiguna with elevated 
blood pressure. azotemia, rena! tasure. and impotence Aibuminuta. glycosuria. elevated 
BUN and microscopic deposits :f the unne have aiso Dees reported 

Testicular atrophy occurred if rats recerving Tegretol orally from 4 to 52 weeks at dosage 
jevais of 50 to 400 moska‘day Addibonally. rats recesving Tegretol sn tne diet tor two years 
at dosage levels of 25. 75. and 250 mg/kg/day had a dose-reiated incidence of testicular 
atrophy and aspermatogenesis in dogs. 4 produced a Browa:sh disceleratian. presum- 
ably a metabolite. :n the ucnary biadder at dosage ieveis of SO mg/kg and higher 
Relevance of these Hadings to Dumans 3s unknown 
Nervous System Ouziness. drowsiness. disturbances of coordination. confusion, head- 
ache fatigue. Diurred vision. visual halluonations transient dipiopia oculomotor distur 
dances. nystagmus. speech disturbances. abnormal involuntary movements. peripnerat 
ngunts and paresthesias. Gepress:on with agitation. talkatveness. tinnitus. and 
hyperacusis 

There have been reports of associated paralysis and other symptoms of cerebrai arteria! 
insutficiency. but the exact relationship of these reactions to the drug has not been 
astabusned 
Digestive System Nausea. vormuting. gastric distress and abdominal pan diarrhea. consti 
pation, anorexia. and dryness of the mouth and pharynx maulang ginssitis and stomatitis 


Eres Scattered. punctate. cortical tens opacives, as weil as conjunctivitis have been 
reported Although a direct causai relationship has not been established. many phe- 
nothiazines and related drugs Nave Deen shown to cause eye Changes 
Musculoskeletal System Aching ionis and muscles. and leg cramos 
Metabousm Fever and chuis inappropriate antuhiuretic hormone {ADH} secretion syn- 
drome nas been reported Cases of frank water intoxication with decreased serum sodium 
(hyponatremia) and confusion. have been reported in association with Tegretol use (see 
PRECAUTIONS Laboratory Tests) 
Other isolated cases of a iupus erythematosus-tike syndrome fave been reported There 
have been occasiona! reports cf elevated leveis af choiestero! HDL cholestero! and 
inglycendes N patents taking anticonvulsants 

A case of aseptic men:ngits accomsatuied by myoclonus and penpneral Osini 
has been reported in a patent taking carbamazepine in combination with other medn 
tens The pahent was successfully dechallenged. and ihe meningitis reappeared upon 
rechalienge with carbamazepine 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential nas been associated with Tegretol. nor os there evidence ot 
psychological oF physica’ dependence it humans: 


OVERDOSAGE 
Acute Toricity 
Lowest known letha! gose adults >60 g (29-year-old man) Highest known doses 
Survived adults. 30 g (3t-yearoid woman, chidren. 10 g i6-year-old boyi. smat 
chidren 5 g (3-year-old giri} 

Orai LOO i ammais (mg/kg) mice, 1100-3750. rats, 3850-4025 rabbits. 1500-2680. 
gurea pgs 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally mider. and severe cardiac com- 
pheabons occur omy when very high doses > 60 gi have been ingested 
Respiravon regular breathing. respiratory depression 
Cardiovascular System Tachycardia hypotension or hypertension. shock conductor 
disorders: 
Nervous System and Muscies impairment of conscisusness ranging Severity to deep 
coma Convulsions. especialy n smali chidren Motor restlessness. muscular twitching 
nemor athetoid Movements opisthotonos. ataxia. drowsiness dimness mydriasis 
nystagmus. adiadochokines:a baihsm psychomotor disturbances. dysmetria initial 
nyperfefexia. loliowed by hyporstiexia 
Gastromtestinal Tract Nausea. vomiting 
Kidneys and Bladde: Anuna of olgura. utmary retention 
(aboratory Findings Isolated instances of overdosage Nave included leukocytosis, re- 
duced eukocyte count. giycosuna and acetonura EEG may show dysrhythmias, 
Combined Poisoning When aicono!. tncychc antidepressants barbiturates os hydartoins 
are taken at the same ume, the signs anc symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severa pasaring S critically dependent upon prompt aimination 
af the drug. which may be acteved by inducing voting, irrigating the stomach, and by 
taking appropriate steps to diminish absorption U these measures cannot be mplemented 
without sk on the spot. the panem shouid be transterred at once to a hospital, while 
ensuring that vital functions are sateguarded There is no specific antidote 
Eaminanor of he Drug. induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed toliowing ingestion of the 
drug. the stomach shouid de repeatediy :rrgated. especially the patient has also 
consumed alcohol 
Measures to Reduce Absorption Actwated charcoal, laxatives 
Measures to Accelerate Eimination Forced diuresis 

Dialysis is indicated only in Severe porsoting associated with renaitaiure Replacement 
transtusion 18 sndicated in severe ocisoqing in small chidren 
Respiratory Depression Keep the airways tree, resort. st necessary. to endolracheat 
intubation, artificial respiration and admmunsstration of oxygen 
Hypotensran. Shock Keep the pavent’s tags raised and administer a plasma expander It 
biona pressure faits to nisë despite measures taken to increase piasma volume. use of 
vasoactive substances shouid de considered 
Convulsions Diazepam or barbiturates 
Warning Qrazepam or barbiturates may aggravate respiratory depression (especially ifi 
chiidren), hypotension. and coma However barbiturates shoutd ogi be used 1f drugs that 
inhibit Monoamine Oudase have aiso been taken by the patent esther sn overdosage OF in 
recent therapy {within one week) 
Surveniance Respiration. cardiac unction (ECG monitoring). blood pressure. body tem- 
perature. pupilary setlexes. and kidney and biadder tunchon should be monitored tor 
several days 
Treatment of Blood Count Adnormaites it evidence of significant bone marrow depres- 
sion develops. the following recommendations are suggested {1} stop the drug (2) 
pertorm daily CBC. piatetet and reticulocyte counts. t3} do a bone marrow aspiranon ang 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Specia! periodic studies mugh! de helpful as tollows (1) white celi and platelet anti- 
bodies. (2) 59Fe—terrokinetic studies. (3) peripheral biond cell typing. (4) cytogenetic 
studies on marow and penpheral blood (5} bone marrow culture studies for colony: 
forming units. {6} hemagiabin electrophoresis for Ap and F nemogiodin, and (7) serum 
toke acid and Byo levels 

A fully developed aplastic anerma will require appropriate, intensive momtoring and 
therapy. for whith specialized consultation should be sough! 


DOSAGE AND ADMINISTRATION 

Monstoring of biood leveis nas increased the efficacy and salety of anticonvuisants (See 
PRECAUTIONS. Laboratory Tests) Dosage should be adjusted to the needs of the individ: 
uai paben! A low inital daily dosage with a gradual increase is advised As soon as 
adequate control is achieved. the dosage may be reduced very gradually to the minimum 
effective levei Tablets shouid de taken wita meals 

Epilepsy (see INDICATIONS AND USAGE} 

Adults and children over 12 years of age—initial: 200 mg bid increase at weekly 
intervals by adding up to 200 mg per day using atid or gid segimen unti the best 
response is obtained Dosage should generality not exceed 1000 mg daily in chidren t2 to 
15 years of age and 1200 mg darly in patients above 15 years otage Doses up to 1600 mg 
daisy have been used in adults sn rare instances Maintenance: Adis! dosage to the 
minimum effective level. usually 800-1200 mg daily 

Children 8-12 years of age —Initial: 100 mgd + d increase at weekly intervals by adding 
100 mg per day usingat: d org +d regimen unti the best response 15 obtained Dosage 
should generally not exceed 1000 mg Maintenance. Adjust dosage to the minimum 
effective sevet, usuaily 400-800 mg daty 

Combination Therapy: Tegretol may be used aione or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should he added graduaily while the other 
anticonvulsants are maintained or gradually decreased. except phenytoin, which may nave 
to de increased (see PRECAUTIONS, Drug interactions and Pregnancy Category Ci 
Trigeminal Neursigis (see INDICATIONS AND USAGE} 

Initial: 100 mg bs d on the first day tor a total daniy dose of 200 mg Trus daily dose may 
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A Trial of Thiamine in Alzheimer’s Disease 


K. A. Nolan, PhD; R. S. Black, MD; K. F. R. Sheu, PhD; J. Langberg; J. P. Blass, MD, PhD 


è Because a previous short-term study 
demonstrated a statistically significant, 
but not clinically important, improvement: 
in cognitive test scores during thiamine 
treatment in patients with dementia of the 
Alzheimer’s type, a 12-month, double- 
blind, parallel-group study was conducted 
to examine whether long-term administra- 
tion of thiamine at 3 g/d might slow the 
progression of dementia of the Alzhe- 
imer’s type. Fifteen subjects were en- 
rolled and 10 completed the 1-year study. 
Data are available for two additional sub- 
jects through the first 9 months of study. 
No significant differences were found be- 
tween the placebo and thiamine groups at 
any point during the study. In both groups, 
overall means for the Mini-Mental State 
Examination, verbal learning, and naming 
scores decreased significantly over the 
12-month study period. These results do 
not support the hypothesis that long-term 
administration of thiamine at 3 g/d might 
slow the progression of dementia of the 
Alzheimer’s type. 

(Arch Neurol. 199 1;48:8 1-83) 


Biochemical abnormalities in thia- 

mine-dependent enzymes in 
brains and other tissues in patients 
with dementia of the Alzheimer’s type 
(DAT) have been described else- 
where:'? The activities of thiamine- 
dependent enzymes in the brains of 
patients with DAT appear to be de- 
creased to a greater extent than the 
“nonspecific” reductions in a number 
of constituents that Bowen et al’ re- 
lated to brain atrophy. The reductions 
are comparable to the “specific” defi- 
cits in the cholinergic marker enzyme, 
choline acetyltransferase. The fact 
that the decreases in the activities of 
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thiamine-dependent enzymes also oc- 
curred in areas of the brain that were 
histologically relatively unaffected 
suggests that they are not nonspecific 
results of tissue damage. Subtle ab- 
normalities in one of these enzymes, 
transketolase, were also identified in 
red blood cells and in cultured skin fi- 
broblasts from patients with Alzhei- 
mer’s disease.!” 

A previously published study by 
Blass et al‘ was designed to test the 
potential relationship of these obser- 
vations to the disease process. The re- 
sults of that study, in which thiamine 
(vitamin B,) was administered to pa- 
tients with DAT at a dose of 3 g/d for 
3 months, demonstrated a statistically 
significant improvement on cognitive 
testing during the treatment period 
relative to a comparable placebo pe- 
riod. In this double-blind, placebo-con- 
trolled crossover study, each patient 
received either placebo or thiamine at 
a dose of 3g/d for 3 months, followed 
by 3 months of the alternate treat- 
ment. Efficacy measures were the 
Mini-Mental State Examination 
(MMSE), the dementia rating scale of 
Blessed et al,‘ and the caregiver-scored 
Haycox behavioral scale.’ Mean 
MMSE scores during treatment with 
thiamine were significantly higher 
than MMSE scores during the placebo 
period, although there was no signifi- 
cant difference observed in scores on 
either of the behavioral rating scales. 
Moreover, the thiamine-placebo dif- 
ference in MMSE scores was small 
(mean difference, 0.72 + 0.14). 

Although the short-term effect of 
thiamine was not clinically important, 
if this small increment in MMSE score 
could be maintained over longer peri- 
ods, the overall effect might be to slow 
the rate of deterioration of cognitive 
functioning in DAT. A double-blind, 
placebo-controlled, parallel-group 
study was undertaken to test this hy- 
pothesis. Because no effect of thiamine 
on behavioral ratings was shown in the 


first study,* efficacy measures were 
limited to tests of cognitive function. 


PATIENTS AND METHODS 
Patients 


Patients were recruited from the Geriat- 
ric Evaluation Service of the Burke Reha- 
bilitation Center, White Plains, NY, a sub- 
specialty clinic that has been described in 
detail.* Each patient recruited for the study 
had the clinical diagnosis of either probable 
or possible Alzheimer’s disease, by the Na- 
tional Institute of Neurological and Com- 


municative Disorders and Stroke-Alzhei-. ` 
mer’s Disease and Related Diseases Asso- ie 
ciation criteria’; of the 15 patients enrolled 


in the study, 13 carried a diagnosis of prob- 
able Alzheimer’s disease and two a diagno- 
sis of possible Alzheimer’s disease. Five 
patients were male, and 10 were female. The 
patients ranged in age from 59 to 87 years, 
with a mean age of 76.3 years. At entry, 
their scores on the MMSE* ranged from 8 to 
28, with a mean of 16.4. None of the subjects 
in this study had participated in the previ- 
ous study of thiamine in DAT. Prior to en- 
rollment, written informed consent was 
obtained from the patient and from the re- 
sponsible caregiver. 

Ten subjects completed the 1-year study. 
Two subjects were withdrawn from the 
study after 3 months or less for lack of 
compliance. Two other subjects were un- 
available for examination at 12 months be- 
cause of unrelated health problems (their 
own or a caregiver's). Dropouts and sub- 
jects without observations at study comple- 
tion were evenly distributed across treat- 
ment groups. The data from one additional 
subject had to be eliminated from analyses 
because of a clerical error that resulted in 
the patient being given both placebo and 
thiamine at different times. Characteristics 
of the 12 patients who completed at least. 
the first 9 months of study and whose data 
were included in the final analyses are given 
in Table 1. 


Medications 


Thiamine hydrochloride and lactose were 
obtained from a drug manufacturer (Com- 
mons Brothers Inc, Elmsford, NY) and were 
formulated as capsules by staff pharma- 
cists at the Burke Rehabilitation Center. 
Capsules contained either 1 g of thiamine, 
made up with lactose excipient, or a lactose 
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Table 1.—Subject Characteristics * 





































































































Patient No./Sex/Age, y MMSE at Entry Diagnosis 
1/F/59 20t Probable AD 
2/F/76 17 Probable AD 
3/F/76 21 eee Probable AD 
4/M/87 9 Possible AD 
5/M/81 23 Probable AD 
6/M/73 13 Probable AD 
7/M/70 20 Probable AD 
8/M/66 23 Probable AD 
Q/F/78 12 Probable AD 

10/F/77 16 Probable AD 

11/F/84 16+ Possible AD 

12/F/73 9 Probable AD 

13./F /86 194 Probable AD 

14/F/84 8§ Probable AD 

15/F/75 20§ Probable AD 








“MMSE indicates Mini-Mental State Examination; and AD, Alzheimer’s disease. 
+Data available only through first 9 months of study. 

Protocol violation. 

§Completed 3 months of study or less. 


Table 2,—Mini-Mental State Examination Scores for 10 Subjects Completing 
12-Month Study * 


Baseline 


intervals, mo 


6 





Thiamine group (n = 5) 
Placebo group (n = 5) 
Overall 


16.6 (5.73) 
16.0 (5.7) 
16.3 (5.4) 


* Values are mean (+ SD). 








14.6 (7.02) 
17.0 (6.56) 
15.8 (6.53) 





Table 3.— Analysis of Variance Summary for Mini-Mental State Examination Scores* 


13.4 (7.2) 
16.4 (7.7) 
14.9 (7.2) 


12.2 (8.07) 
13.4 (6.43) 
12.8 (6.91) 


10.4 (9.13) 
14.6 (7.09) 
12.5 (8.02) 






























Time 


Source Sum of Squares Mean Square F P 
Subjects / groups 10 454.58 10 454.58 44.23 001 
Group 52.02 B §2.02 .22 .651 
Error 1890.80 236.35 





Group X time 











Error 





* Mini-Mental State Examination scores are given in Table 2. 


placebo. Placebo capsules were indistin- 
guishable from thiamine capsules in ap- 
pearance, size, and weight. 

Random assignment of patients to treat- 
ment groups was carried out by the phar- 
macy, where the only records of these 
assignments were maintained until the 
study was completed. Caregivers were in- 
structed to have the patient take three cap- 
sules a day; patients assigned to the active 
medication group were receiving 3 g of thi- 
amine a day. 

At each clinic visit, subjects were given a 
3-month supply of capsules. Study compli- 
ance was monitored by pill counts. All 12 
subjects who continued taking thiamine 
beyond the first 8 months of the study had 
better than 80% compliance. 


Procedures 


Patients were seen at 3-month intervals. 
At each clinic visit, the physician per- 
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formed a brief physical examination. The 
CERAD (consortium to establish a registry 
for Alzheimer’s disease) neuropsychologi- 
cal battery was administered to each pa- 
tient by the same examiner at each visit, 
including the baseline visit. This battery 
includes a verbal fluency (categories) mea- 
sure, a short (15-item) version of the Boston 
Naming Test, the MMSE, and a construc- 
tional praxis test. In addition, there is a 10- 
item word list learning test and tests of de- 
layed recall and recognition based on the 
same 10-word list. To avoid potential prac- 
tice effects in the word list tests, four alter- 
nate 10-word lists were used, and an appro- 
priate set of distractors was chosen for each 
list for the recognition test. The order of 
presentation of the lists was counterbal- 
anced across subjects, with the constraint 
that the CERAD list be used for baseline 
and 12-month evaluations, as required by 
the CERAD protocol. The MMSE was de- 





fined a priori as the primary efficacy mea- 
sure. 


RESULTS 


Data from the 10 subjects who com- 
pleted the full 12 months of study are 
reported first. As shown in Table 2, 
subjects assigned to the thiamine and 
placebo groups were roughly equiva- 
lent in terms of MMSE scores at base- 
line (means of 16.6 and 16.0, respec- 
tively). A 2-way (group X time) re- 
peated analysis of variance measures 
applied to MMSE scores obtained at 
the five clinic visits (at baseline and at 
months 3, 6, 9, and 12) (Table 3) indi- 
cated no significant difference between 
the treatment groups (F, = .3834). 
There is a significant effect of time 
(Fy = 7.866, P<.001), with mean 
MMSE scores decreasing from 16.3 to 
12.5 over the 12-month study period. 
The Newman-Keuls procedure for 
tests on the difference between all 
possible pairs of means was applied to 
the overall MMSE means. The mean 
MMSE scores at months 6, 9, and 12 
were significantly (P < .05) lower than 
those at baseline. The mean MMSE 
scores at month 12 were significantly 
lower than those at all other observa- 
tions, and mean scores at month 9 were 
lower than those at all earlier obser- 
vations. The mean MMSE scores at 
month 6 were lower than those at 
baseline. No other differences were 
significant at the .05 level for the New- 
man-Keuls tests. The group X time in- 
teraction was not significant (Fyz = 
1.608, P = .221). 

Scores on the secondary efficacy 
measures (verbal fluency, naming, con- 
structional praxis, verbal learning, 
and delayed recognition) were also 
subjected to two-way (group X time) 
repeated analyses of variance mea- 
sures. Delayed recognition perfor- 
mance was expressed as a’, a function 
of hit rate and false-alarm rate. There 
was no significant difference between 
the thiamine and placebo groups, and 
no significant group X time interac- 
tion on any of these measures. In the 
analysis of verbal learning scores, the 
effect of time was significant 
(Fy. = 4.08, P = .018), with the means 
at month 12 significantly (P < .05) 
lower than those at baseline and 
month 3 by Newman-Keuls. The effect 
of time was also significant in naming 
(F435) = 3.047, P = 047), with scores at 
month 12 significantly (P < .05) lower 
than those at all earlier observations. 
Mean naming scores at month 6 were 
also significantly lower than those at 
month 3 and at baseline. Delayed re- 
call scores were not formally analyzed, 
due to floor effects; only three of the 10 
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subjects were ever able to recall more 
than one item from the 10-word lists, 
and the most frequent delayed recall 
score was 0. 

Two-way (group X time) repeated 
analyses of variance measures were 
also applied to the data for all 12 sub- 
jects (six in each group) who completed 
the first 9 months of the study. As 
above, the effect of time on MMSE 
scores was significant (F3: = 9.38, 
P < .001), with the mean MMSE scores 
at month 9 significantly lower (P < .05 
by Newman-Keuls) than those at all 
earlier observations. The effect of time 
on verbal learning scores was also sig- 
nificant (F33 = 5.88, P = .003) and, 
again, the mean scores at month 9 were 
significantly lower than those at all 
earlier observations. There were nei- 
ther significant treatment group ef- 
fects nor any significant group X time 
interactions. 


COMMENT 


The results of this double-blind, pla- 
cebo-controlled, parallel-group study 
do not support the hypothesis that 
thiamine either improves cognition or 
slows the progression of cognitive de- 
terioration in patients with DAT. The 
average MMSE decrement of 3.8 points 
over a l-year period observed in these 
patients is consistent with other pub- 
lished data.'!' However, it must be 
noted that the rate of change in MMSE 
scores varied greatly among patients, 
with two patients, both of whom were 
in the placebo group, showing no dec- 
rement in MMSE scores from baseline 
to month 12, while other patients lost 
as many as 12 MMSE points over the 
same period. 

Although these negative results are 
based on relatively small samples (10 
subjects over 12 months, and 12 sub- 
., jects over 9 months), the positive re- 
"sults obtained by Blass et al‘ were 

based on an equally small sample (11 

subjects). In addition, the absence of a 

significant effect of thiamine in this 

study is not a matter of there being a 
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small, but statistically insignificant, 
difference between the two groups in 
the predicted direction. On the con- 
trary, the tendency was for more rapid 
deterioration in the thiamine-treated 
group than in the placebo group. 

The inclusion of other secondary ef- 
ficacy measures was intended to in- 
crease sensitivity to effects in specific 
areas of cognition that might not be 
detected by a single, global measure of 
cognition, such as the MMSE. If, for 
example, thiamine were effective in 
improving constructional praxis, the 
one-point difference in MMSE score 
that could result from such improve- 
ment would be difficult to detect. The 
use of the CERAD neuropsychological 
battery provided more detailed evalu- 
ations of several specific cognitive do- 
mains, including verbal fluency, nam- 
ing, constructional praxis, and verbal 
learning. The fact that MMSE scores, 
verbal learning scores, and naming 
scores were seen to decrease signifi- 
cantly over time confirms that these 
measures are sufficiently sensitive to 
changes in ability in these domains. 
The absence of significant effects of 
thiamine is, within at least these three 
tests, not likely to be due to lack of 
sensitivity in the outcome measures. 

Because this study employed a par- 
allel-group design, as opposed to the 
cross-over design used in the previous 
study, it constitutes a more conserva- 
tive test of the effect of thiamine on 
cognition in DAT. The previous study 
examined the effect of short-term ad- 
ministration of thiamine, and the 
magnitude of the effect in that study 
was very small (1.3 points on the 
MMSE). Cross-over studies are less 
appropriate for the investigation of 
long-term effects and are subject to 
carry-over effects and order effects.” 
In a study of long-term effects, such as 
this one, and especially when matura- 
tional factors are expected to come 
into play, as in progressive demen- 
tia, a parallel-group design yields a 
straightforward interpretation of the 





results. These results do not support. - : 


the hypothesis that a 3-g/d dose of 
thiamine is effective in slowing cogni- 
tive deterioration in DAT. 


These studies were supported by the National 
Institutes of Health grant AG 08853, the Will 
Rogers Institute, White Plains, NY, and the Win- 
ifred Masterson Burke Relief Foundation, White 
Plains, NY. 
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Sinemet’ 
(Carbidopa-Levodopa) 
Power and Precision 


Only Sinemet’ provides the power to re-establish dopamine 
levels in the brain and the precision to adjust dosage 
to meet the individual needs of the patient. 
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Maintaining Dopamine Levels Within the 
Therapeutic WindowT he aim of clinical intervention 
in Parkinson's disease is to maintain dopamine levels within 
a therapeutic window. The three dosage strengths of 
Sinemet* help meet this challenge by providing both the 
power to replenish dopamine levels in the brain and the 
precision to adjust to individual patient needs. 





Managing Parkinson's disease therapy can be 
complex. The critical need is to maintain dopamine levels in 
the brain within an ever-narrowing therapeutic window. A 
window that is different in every patient and one that change: 
over time because of the progressive nature of the disease. 

Dopamine replacement is the mainstay of therapy in 
Parkinson's disease. And, only Sinemet” has the power to 
re-establish dopamine levels in the brain. e 






































But, power alone is not enough. Sinemet* also pro- 
vides you the flexibility to meet the individual needs of the 
patient...by changing dosage strength or frequency ...or by 
changing the ratio of carbidopa and levodopa. 

Nothing else gives you this power and precision to 
manage the signs and symptoms of Parkinson's disease like 
Sinemet? 


As with levodopa, SINEMET” may cause involuntary movements and mental dis- 
türbarices. These reactions are thought to be due to increased brain dopamine 
levels following administration of levodopa. 


Please see a brief summary of prescribing information on the adjoining page. 
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For many patients with 





Dosage Guidelines 
Individualized a key to clinical 
success with Sinemet? 
* Begin when symptoms first interfere 
with normal function 
Adjust as necessary to help maintain 
relief of symptorns 


For initial therapy...Start with: 
SINEMET 25-100 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 
If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 
tablets of Sinemet 25-100 a day is reached. 


When it is evident that patients need more 
levodopa... Transfer to: 
SINEMET 25-250 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 
If still more levodopa is necessary, dosage 
with Sinemet 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets 


a day. 


When individualicing dosage... Titrate with: 
SINEMET 10-100 
containing 10 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of Sinemet 
must be determined by careful titration in 
each patient. Tablets of the three strengths 
may be given separately or combined as 
needed to provide the optimum daily 
dosage. 

For patients transferred 
from levodopa 
DISCONTINUE LEVODOPA AT LEAST 
8 HOURS BEFORE STARTING SINEMET. 

The starting dose for Sinemet should 
provide about 25 percent of previous 
levodopa requirements. (Patients receiv- 
ing less than 1500 mg of levodopa a day 
should be started on one tablet of 
Sinemet 25-100 tid. or qid.) 
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(Carbidopa-Levodopa) 


Prescribing information before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET should 
not be given concomitantly. MAO inhibitors must be discon- 
tinued at least 2 weeks prior to initiating therapy with 
SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, 

it should not be used in patients with suspicious, undiagnosed 
skin lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours 
before SINEMET is started. SINEMET should be substituted 
ata dosage that will provide approximately 25 percent of the 
previous levodopa dosage. (See DOSAGE AND AD- 
MINISTRATION section of Prescribing Information. } Patients 
taking SINEMET should be instructed not to take additional 
levodopa unless prescribed. 

As with levodopa. SINEMET may cause involuntary 
movements and mental disturbances. These reactions may 
be due to increased brain dopamine following administration 
of levodopa. All patients should be observed carefully for 
development of depression with concomitant suicidal 
tendencies. Treat with caution patients with past or current 
psychoses, Because carbidopa permits more levodopa to reach the brain 
and. thus, more dopamine to be formed, dyskinesias may occur at lower 
dosages and sooner with SINEMET than with levodopa. Occurrence 
of dyskinesias may require dosage reduction 

SINEMET should be administered cautiously to patients 
with severe cardiovascular or pulmonary disease, bronchial 
asthma, renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarction 
who have residual atrial, nodal. or ventricular arrhythmias. 
In such patients, cardiac function should be monitored with 
particular care during period of initial dosage adjustment, in 
a facility with provisions for intensive cardiac care. 

As with levodopa, there is possibility of upper GI hemor- 
rhage in patients with history of peptic ulcer. 

Asymptom complex resembling the neuroleptic malig- 
nant syndrome including muscular rigidity. elevated body 
temperature, mental changes, and increased serum creatine 
phosphokinase has been reported when antiparkinsonian 
agents were withdrawn abruptly. Therefore, patients should 
be observed carefully when the dosage of SINEMET is reduc- 
ed abruptly or discontinued, especially if the patient is receiv- 
ing neuroleptics. 

Usage in Pregnancy and Lactation: Although effects of 
SINEMET on human pregnancy and lactation are unknown, 
both levodopa and combinations of carbidopa and levodopa 
have caused visceral and skeletal malformations in rabbits. 
Use of SINEMET in women of childbearing potential requires 
that anticipated benefits of the drug be weighed against 
possible hazards to mother and child. SINEMET should not 
be given to nursing mothers. 

Usage in Children: Safety of SINEMET in patients under 18 
has not been established. 

Precautions: As with levodopa. periodic evaluations of 
hepatic, hematopoietic. cardiovascular, and renal function are 
recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored careful- 
ly for changes in intraocular pressure during therapy. 

Laboratory Tests: Abnormalities in laboratory tests may in- 
clude elevations of liver function tests such as alkaline 
phosphatase, SGOT {AST}, SGPT (ALT). lactic dehydrogenase. 
and bilirubin. Abnormalities in protein-bound iodine. blood 
urea nitrogen, and positive Coombs test have also been 
reported. Commonly. levels of blood urea nitrogen. 
creatinine, and uric acid are lower during administration of 
SINEMET than with levodopa. 

SINEMET may cause a false-positive reaction for urinary 
ketone bodies when a test tape is used for determination of 
ketonuria. This reaction will not be altered by boiling the 
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A Magnetic Search-Coil Study 


Jonathan D. Trobe, MD; James A. Sharpe, MD; David K. Hirsh, MD; Stephen S. Gebarski, MD 





@ Magnetic search-coil oculography of 
three brothers with clinically diagnosed 
Pelizaeus-Merzbacher disease disclosed 
the presence of binocular elliptical pendu- 
lar nystagmus in two patients in whom the 
waveform of the nystagmus was not obvi- 
ous on inspection. This study, the first re- 
ported application of high-resolution ocu- 
lography to Pelizaeus-Merzbacher dis- 
ease, also demonstrated primary position 
upbeat nystagmus in all three patients. 
The importance of finding this combina- 
tion of elliptical pendular and upbeat 
nystagmus is that it is not described in any 
other childhood neurodegenerative states 
and, in combination with supportive clini- 
cal history and magnetic resonance imag- 
ing, may be so characteristic of Pelizaeus- 
Merzbacher disease that a strong pre- 
sumptive diagnosis can be made. 

(Arch Neurol. 1991;48:87-91) 


Pelizaeus-Merzbacher disease (PMD) 
is an inherited disorder of central 
nervous system myelin, with neonatal.-, 
childhood-, and adult-onset forms.’ 
Among the leukodystrophies, PMD is 
distinctive in that an unusual binocu- 
lar pendular nystagmus and head 
tremor typically herald its onset.' 
Two previous conventional electro- 
nystagmographic studies of PMD us- 
ing electro-oculographic leads showed 
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prolonged slow phases? and unusually 
large amplitudes’ of caloric-induced 
nystagmus. The authors of the latter 
article suggested that these elec- 
tronystagmographie abnormalities 
might be pathognomonic of PMD. 
We have performed high-resolution 
oculographic examinations of the 
three maternal uncles of a 23-month- 
old male infant (our proband), each of 
whom was clinically diagnosed as hav- 
ing PMD (Fig 1). Our oculographiec 
study differs from previously pub- 
lished reports in using a magnetic 
search coil, which permits more pre- 
cise assessment of low-amplitude eye 
movements (in all directions) than 
does conventional electronystagmog- 
raphy. We did not find the previously 
described abnormalities of caloric-in- 
duced nystagmus,’ but we docu- 
mented an elliptical trajectory in two 








Nystagmus of Pelizaeus-Merzbacher Disease 


patients and a primary position upbeat _ 
nystagmus in all three patients that : 
were not obvious by inspection. 

PATIENTS AND METHODS 


All three patients underwent complete a 
neurological and neuro-ophthalmological 


examination, video-taping of eye moves = 


ments, and magnetic resonance imaging. 


Oculography was conducted on each af- © 


fected adult patient, usinga scleral silicone. 
contact ring with a wire wound within its 
outer rim, The right eye was recorded, Pa- 


tients were seated with the head centeredin 


0.18-cubie-meter magnetic coils consisting 
of two pairs of coils, one coil on each side, 
and one above and one below the head (CNC 


Engineering, Seattle, Wash). Analogue sig- 


nals of eye position were direct-current 


coupled, amplified, low-pass filtered at 500. 


Hz, and recorded on analogue magnetic 
tape and, simultaneously, on an ink-jet reċ- 
tilinear polygraph. Head position was sim- 
ilarly monitored with a search-coil monitor 


Fig 1.—Family pedigree. Affected patients are designated by solid symbols; the proband is des- 


ignated by the arrow. 
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Eye Movements of Three Brothers Affected With Pelizaeus-Merzbacher Disease Examined by Inspection* and Oculographyt 
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“including ophthalmoscopy. 
tMagnetic search-coil oculography. 





Fig 2.—Patient 1. Coronat brain magnetic res- 
onance imaging. T,-weighted image shows in- 
creased intensity in all visualized white matter, 
most notable when the gray matter intensity is 
compared with it. Normally, the gray matter 
should have higher signal than does the white 
matter. There is also decreased intensity in the 
basal ganglia, perhaps related to excessive 
iron deposition. 


on a lightweight headband, while the head 
was restrained by occipital and chin sup- 
ports. 

Patients viewed a rear-projected laser 
target reflected from mirrors mounted on 
galvanometer motors, subtending 0.25° of 
visual angle, and rear projected on a trans- 
lucent screen. Eye movements were re- 
corded while the patient fixated the target 
and in darkness. Pursuit movements were 
recorded while the patient pursued the la- 
ser target driven by a computer in sine 
waves, horizontally or vertically, at peak- 
to-peak amplitudes of 20° and frequencies 
of 0.25, 0.5, and 1.0 Hz. Saccades were elic- 
ited by step changes in target position at 
unpredictable intervals, directions, and 
amplitudes of 5°, 10°, and 20°. 
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Fig 3.—Patient 1. High-resolution oculography. Vertical vestibulo-ocular reflex (VOR) during ac- 
tive sinusoidal motion of the head in pitch at approximately 1 Hz. The upward VOR has lower gain 
than does the downward VOR, so that during downward head motion, gaze (the sum of eye po- 
sition plus head position) is directed downward. If the VORs were normal, vertical gaze (top chan- 
nel) would be a straight line. The unbalanced VOR is compensated by upward quick phases that 
are evident as upward spikes of gaze velocity (second channel), causing upbeat nystagmus. Ver- 
tical saccades and nystagmus quick phases were abnormally slow. 


The horizontal vestibulo-ocular reflex 
(VOR) was tested in darkness, while pa- 
tients were seated in a vestibular chair ro- 
tated sinusoidally at peak-to-peak ampli- 
tudes of 20° and frequencies of 0.25, 0.5, and 
1.0 Hz. The vertical VOR was assessed dur- 
ing active vertical head movement at the 
same peak amplitude and frequencies, 
while head movement was paced with the 
sound of a metronome. Patients attempted 
to fixate an imaginary stationary target in 
darkness. 


REPORT OF CASES (Table) 


Case 1.—This 25-year-old man developed 
abnormal eye movements at 6 weeks of age. 
He was diagnosed as having had cerebral 
palsy at the age of 18 months because of de- 
layed milestone acquisition. At the age of 5 
years, he had been deseribed as having had 
esotropia, bilateral nystagmus, and pale 
optic dises. By the age of 12 years, he was 


wheelchair bound. On our examination, at 
the age of 25 years, he was alert and 
oriented in all spheres, knew the president’s 
name, and could do simple addition and 
spelling. His speech was scanning. Upper 
extremity strength was normal, but lower 
extremity strength was 1/5 with marked 
spasticity, and all limbs displayed ataxia. 
Muscle stretch reflexes were hyperactive, 
with clonus at the ankles, and plantar 
reflexes were extensor bilaterally. Sensa- 
tion was normal. 

His visual acuity was 20/80 OD, and 20/ 
100 OS. There was temporal optic disc pal- 
lor bilaterally. His eyes were aligned in all 
positions of gaze. Nystagmus was not evi- 
dent in the primary position, but the pa- 
tient had horizontal jerk nystagmus in the + 
extremes of lateral gaze and upbeating 
nystagmus in upgaze. Saccadic velocities 
were normal, and pursuit movements were 
saccadic. 
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Magnetic resonance imaging (T,- 
weighted) demonstrated very severe brain 
atrophy, increased signal in white matter, 
and decreased signal in basal ganglia and 
thalami (Fig 2), a pattern considered typi- 
cal of PMD.” 

The oculographic examination revealed 
primary position rightward-beating ny- 
stagmus that increased on rightward gaze, 
and leftward-beating nystagmus on left- 
ward gaze. There was upbeating nystagmus 
in primary position, upgaze, and downgaze 
that did not change in the darkness (Fig 3). 
Horizontal saccades had normal velocity 
and latency, but they were hypometric to 
the left and accurate to the right. Upward 
saccades were mildly slowed, and down- 
ward saccades had very reduced peak ve- 
locities. Both horizontal (Fig 4) and vertical 
‘Smooth pursuits were severely reduced in 
velocity. The upward VOR had very low 
gain-(ratio of smooth eye movement veloc- 
ity to head velocity), and the downward 
VOR had mild gain reduction. Warm- 
(44°C) and cold- (30°C) water caloric re- 
sponses from each ear were normal. 

Cast 2.— This 22-year-old man was also 
diagnosed as having cerebral palsy. His 
mother noticed his nystagmus before he 
was 2 months old. At the age of 4 years, he 
was found to have vertical pendular nystag- 
mus and normal optic discs. He never 
reached normal cognitive development and 
became wheelchair bound at 15 years of age. 
On our examination, at 22 years of age, he 
was fully oriented. His speech was fluent, 
although scanning. Both short- and long- 
term memory were good, yet he was poor at 
calculations and unable to interpret prov- 
erbs. His muscle strength and bulk were 
normal in the arms, although finger dex- 
terity was poor. Lower extremity strength 
was 5/5 proximally with increased tone and 
1/5 distally with decreased tone and bulk. 
He had severe truncal and appendicular 
ataxia. Muscle stretch reflexes were 1+ in 
the arms and 3+ at the knees, with sus- 
tained clonus at the ankles. Plantar re- 
sponses were flexor. Sensation was intact. 

His visual acuity was 20/70 OD and 20/80 
OS. Pupillary reactions, color vision, and 
confrontation visual fields were normal. 
There was bilateral optie dise pallor. He 
had a 40-prism-diopter esotropia in pri- 
mary position. The eyes appeared to be still 
in the primary position, but ophthalmo- 
scopic examination showed pendular 
nystagmus. There was horizontal jerk 
nystagmus on right and left lateral gaze, 
and upbeat nystagmus on upgaze. Saccadic 
velocities were grossly normal, and pursuit 
movements were saccadic. 

Magnetic resonance imaging revealed se- 
vere cerebral cortical, midbrain, and cere- 
bellar atrophy. The T,-weighted images 
demonstrated diffusely increased white 
matter signal, most notable in the cere- 
brum. The signal aberrations were similar 
but less marked than those in patient 1. 

The oculographic examination revealed 

_ vertical and horizontal pendular nystag- 
mus in the primary position, with the vec- 
tors approximately 90° out of phase, caus- 
ing an elliptical trajectory. The pendular 
nystagmus persisted in darkness. A low- 
amplitude (1°) upbeat nystagmus was su- 
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Fig 4.—Patient 1. High-resolution oculography. Horizontal smooth Pursuit of a 0.25-Hz target is 
saccadic to the right. The horizontal eye calibration (channel 2) is the same as the target calibra- 
tion (channel 1). The fourth channel illustrates low-amplitude upbeat nystagmus in the primary po- 
sition; upward quick phases are slowed, as are all vertical saccades. R indicates right; and L, left. 
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Fig 5.—Patient 2. High-resolution oculography reveals low-amplitude vertical pendular nystagmus 
superimposed on upbeat nystagmus. The eye is near the vertical midposition. The horizontal po- 
sition demonstrates right-beating nystagmus, and the horizontal velocity record (bottom trace) 
shows sinusoidal oscillations superimposed on the leftward slow phases of the horizontal nystag- 
mus. Since the large (0.2° to 0.3°) amplitude vertical pendular oscillations are 90° out of phase, 
with the miniature horizontal oscillations, the pendular nystagmus is elliptical. The combination of 
upbeating and right-beating nystagmus also caused diagonal jerk nystagmus. R indicates right; 


and L, left. 


perimposed on the pendular nystagmus 
(Fig 5); it increased in amplitude on upgaze. 
The vertical amplitude of pendular nystag- 
mus was 12 to 20 arc-minutes peak to peak, 
and the horizontal amplitude was 3 to 4 
are-minutes peak to peak. There was right- 
ward-beating nystagmus in primary posi- 
tion and on rightward gaze, and leftward- 
beating nystagmus on leftward gaze. Up- 
ward saccadic velocities were normal, but 
downward velocities were slow. Vertical 
and horizontal pursuit movements had low 
gain (ratio of smooth eye movement veloc- 
ity to target velocity). Vertical and hori- 
zontal VOR gains were normal. Warm- and 
cold-water caloric stimulations of each ear 
showed normal slow phases of nystagmus. 

Case 3.— This 20-year-old man was noted 
to have nystagmus at about 2 months of age. 
He was slow to acquire developmental mile- 
stones and, like his brethers, was diagnosed 
as having had cerebral palsy. At 3 years of 
age, he was described as having had a 


10-prism-diopter intermittent esotropia, 
coarse pendular nystagmus in all fields of 
gaze, and slightly pale optic discs. At 20 
years of age, he ambulated with Canadian 
crutches. His speech was dysarthric. 
Strength was nearly full in the arms and 
legs, but only 3/5 in the feet. Muscle tone 
was normal in the arms and increased in the 
legs. He had moderate ataxia. Muscle 
stretch reflexes were 3+ at the elbows and 
1+ elsewhere, with clonus at the ankles. 
Extensor plantar responses were present 
bilaterally. 

The patient’s visual acuity was 20/200 
OD and 20/200 OS. There was bilateral op- 
tic dise pallor. Saccadic velocities were nor- 
mal, and smooth pursuit was saccadic. He 
had fine shimmering eye movements in the 
primary position, with a larger vertical 
than horizontal component. On right and 
left lateral gaze, there was large-amplitude 
low-frequency laterally beating jerk 
nystagmus. 
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Fig 6.—Patient 3. High-resolution oculography. Pendular nystagmus is evident in the vertical and 
horizontal positions and velocity records. The amplitude of the vertical oscillations was about twice 
that of the horizontal oscillations. The vertical and horizontal oscillations are 20° out of phase, so 
that the elliptical nystagmus resulting from the amplitude and phase disparity between the vertical 
and horizontal oscillations is almost diagonal. The eyes move up to the left and down to the right. 
Upbeat nystagmus is evident in the vertical position trace. The vertical pendular nystagmus is su- 
perimposed on the slow phases of the upbeat nystagmus. The patient was attempting to fixate a 
stationary target. Both the elliptical and the upbeat nystagmus persisted unchanged in darkness. 


R indicates right; and L, left. 


Magnetic resonance imaging showed 
moderate brain atrophy, and T,-weighted 
images demonstrated white-matter signal 
aberrations similar to those of patient 2, 
but less prominent. 

The oculographic examination revealed 
elliptical pendular nystagmus in the pri- 
mary position, with the horizontal and ver- 
tical vectors approximately 20° out of 
phase. The vertical pendular oscillations 
had a peak-to-peak amplitude of 30 to 45 
arc-minutes, and the horizontal pendular 
oscillations had peak-to-peak amplitudes of 
8 to 12 are-minutes (Fig 6), a waveform that 
was not altered by darkness. Primary posi- 
tion upbeat nystagmus was superimposed 
on the elliptical nystagmus. Horizontal and 
upward saccades were of normal velocity; 
downward saccades were slowed. Vertical 
and horizontal smooth pursuit velocities 
were mildly reduced in all directions. The 
vertical and horizontal VOR gains were 
normal. Warm-water caloric responses 
were normal in each ear. 

This patient has a fraternal twin brother 
who refused physical examination. His 
family described him as physically normal, 
being able to hold a manual job and drive a 
car, but learning disabled such that he 
could not finish high school. 

Our proband, aged 23 months, could not 
be studied oculographically because of his 
age. To external inspection and on ophthal- 
moseopy, he displayed an elliptical pendu- 
lar nystagmus in all positions of gaze. 
White blood cell arylsulfatase A and galac- 
tocerebrosidase activities and plasma lev- 
els of very-long-chain fatty acids were nor- 
mal. 


COMMENT 


Seitelberger' divided the clinical 
patterns of PMD by age at onset into 
six types, the most common of which 
are classical (infantile-onset), conna- 
tal (present at birth), and the Lowen- 
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berg-Hill (adult-onset) type. The 
classical and connatal forms of PMD 
typically have X-linked recessive 
inheritance, whereas the adult-onset 
type has autosomal dominant inheri- 
tance.'! However, there are cases of 
both classical! and connatal? PMD 
with apparent autosomal recessive in- 
heritance. 

Of the infantile form, Pelizaeus'® 
wrote “...the disorder manifested it- 
self during infancy by aimless, wan- 
dering eye movements,” referring to 
the nystagmus, which, together with 
head tremor, make up the first signs of 
PMD. Often described as “wobbly” or 
pendular, the nystagmus is followed by 
progressive spasticity, ataxia, tremor, 
choreiform or athetotic movements, 
optic atrophy, and cognitive deteriora- 
tion. Death usually occurs within the 
first few years of life in the connatal 
form of PMD and in the second or third 
decade of life in the classical form. 

Koeppen et al" found the absence of 
a myelin protein, called proteolipid 
apoprotein (proteolipid protein PLP or 
lipophilin), in two cases of PMD from 
a family with X-linked recessive inher- 
itance. The authors suggested that the 
absence of proteolipid protein results 
in defective assembly of myelin 
sheaths, thus making PMD a dysmy- 
elinating disease. 

Nystagmus is a critical distinguish- 
ing feature of PMD, whose differential 
diagnosis includes metachromatic leu- 
kodystrophy, adrenoleukodystrophy, 
Krabbe disease, Cockayne’s syndrome, 
and neuroaxonal degeneration.” To 
our knowledge, none of these entities is 
associated with the pendular nystag- 


mus found in PMD, except Cockayne’s 
syndrome," an autosomal recessive 
leukodystrophy with a pattern of my- 
elin loss histologically similar to PMD. 
Indeed, Seitelberger' considered Cock- 
ayne’s syndrome to be a special type of 
PMD. It is distinguished from PMD by 
multiple dysmorphic features and the 
presence of basal ganglia calcifica- 
tions." 

If other neurologic signs of PMD, 
besides nystagmus, are not yet prom- 
inent, then a sporadic case of PMD 
may be confused with congenital 
nystagmus or spasmus nutans. Con- 
genital nystagmus is a binocular pen- 
dular or jerk nystagmus, which is al- 
most always horizontal, rarely purely 
vertical, and may be associated with 
head tremor.'*'* Most infants with con- 
genital nystagmus are otherwise neu- 
rologically normal.” In its complete 
form, spasmus nutans is a syndrome 
consisting of a triad of pendular (usu- 
ally horizontal) nystagmus, head nod- 
ding, and torticollis, with onset in the 
first year of life. It is infrequently as- 
sociated with central nervous system 
pathology, and usually resolves spon- 
taneously in 1 to 4 years.’’"* 

Magnetic search-coil oculography in 
our patients with PMD disclosed, in 
two of the three patients, a pattern of 
pendular nystagmus that has not been 
reported to appear in any other child- 
hood neurodegenerative disorders. Its 
distinctive waveform, which could not 
be resolved by inspection, consisted 
oculographically of a sinusoidal oscil- 
lation in both eyes, with horizontal and 
vertical vectors that were out of phase, 
and of unequal amplitude, making the 
eyes’ trajectory elliptical. We could 
not confirm the previously reported 
conventional electronystagmographic 
findings of prolonged slow phases and 
unusually large amplitudes of caloric- 
induced nystagmus." 

Pendular nystagmus is acquired in 
two diseases affecting adults: multiple 
sclerosis”? and brain-stem stroke." In 
some cases, this pendular nystagmus 
is associated with synchronous oscil- 
lations of the palate and other bran- 
chial muscles, a combination termed 
oculopalatal myoclonus.” In a study of 
35 cases of acquired pendular nystag- 
mus in multiple sclerosis, Aschoff et 
al® concluded that it resulted from 
cerebellar nuclear damage. Gresty et 
al? suggested instead that the respon- 
sible lesion is located near the oculo- 
motor nuclei. 

A feature common to each of our pa- | 
tients was upbeat nystagmus in pri- - 
mary position. Previous clinical patho- 
logical correlations of upbeat nystag- 
mus have identified damage in the 
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pontomedullary tegmentum.” This 
may be explained by disruption of the 
ventral tegmental pathway for the up- 
ward VOR, causing imbalance in the 
vertical VOR.” Thus, there is evidence 
‘to implicate dysmyelination in the 
pontomedullary tegmentum as the 
-probable cause of the upbeat nystag- 
“mus and, perhaps, the elliptical 
“nystagmus as well. Normality of the 
horizontal and vertical VORs in our 
patients implies that involvement of 
vestibular smooth eye movement path- 
ways is not responsible for the ellipti- 
cal pendular nystagmus of PMD. 

We suggest that the value of record- 
icing eye motion in PMD by a high-res- 
~ olution technique such as search coil 


-lesin verifying the elliptical pendular 


-. and upbeat nystagmus that often can- 

“mot be resolved by inspection. The 
presence of this distinctive eye move- 
ment abnormality, in conjunction with 
appropriate magnetic resonance imag- 
ing findings, strongly supports a diag- 
nosis of PMD. 


This study was supported by Medical Research 
Council of Canada grants ME5509 and MT5404 
(Dr Sharpe). 
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-History of Neurology 


-James Parkinson 








On Child Abuse and Other Things 


-Robert D. Currier, MD, Mary M. Currier, MD, MPH 


@ James Parkinson, a general physi- 
cian, was interested in all facets of medi- 
cal care, and wrote two books for the lay 
public that contained comments on di- 
verse things. He may have been one of the 
first physicians to publicly describe child 
abuse. Some of his advice to the public 

“Was of a neurologic nature, and included 

~ directions on the diagnosis and treatment 

of pseudoseizures, epilepsy, drowning, 
and stroke. 

(Arch Neurol. 1991;48:95-97) 


I his pamphlet, The Villager’s 

Friend and Physician, James Par- 
kinson wrote with emotion on child 
abuse after an encounter in his prac- 
tice. ` 


The disease which I shall next speak of is 
often in its first stage mistaken for the ef- 
fect of worms. DROPSY OF THE BRAIN, 

,. or WATERY HEAD, may be suspected 

when. a child appears uncommonly heavy 

-and dull, complains of pain in the head, has 
its sleep: disturbed with alarming dreams, 
reluctantly moves its head from the pillow, 
or attends to surrounding objects; and is 
affected with frequent sickness and slight 
fever... 1m3 

This complaint is frequently occasioned 
by the falls on the head which children are 
exposed to on first going alone. Guard their 
heads, therefore, at this time, with the old 
fashioned headdress for children, a quilted 
stuffed cap, or pudding. I am sorry to be 
obliged to add another cause of this malady, 
severe blows on the head, inflicted in the 
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correction of children. Parents too often 
forget the weight of their hands and the 
delicate structure of a child. You must ex- 
cuse the digression—it was but yesterday I 
passed the cottage of one you all know to 
have always neglected his children; I heard 
the plaintive and suppliant cries of a child, 
and rushed into the cottage; where I saw the 
father, whose countenance was dreadful, 
from the strong marks of passion and cru- 
elty which it bore, beating most unmerci- 
fully his son, about ten years old. The poor 
countenance would, one would have sup- 
posed, obtained mercy from the most obdu- 
rate; it was shrunk up with dread and ter- 
ror; the most earnest and humble supplica- 
tions proceeded from his lips, whilst his 
eyes were fixed with horror on the impend- 
ing instrument of his chastisement. I 
stopped the brute from proceeding in his 
violent outrage, asking what was the crime 
the boy had committed, and found he had 
not finished the task of work he had set him. 
‘Ah, John’, I exclaimed, ‘consider how you 
ever neglected your children; you have 
never troubled yourself to give them good 
advice nor refrained from setting them bad 
examples. The crimes of the children of 
such a parent must be on his head: you 
merit correction and not he, for you never 
showed him what it was to be industrious. 
Expect not duty from a child, if you have not 
done yours toward him. Duties are required 
of parents as well as of children; and though 
an undutiful child may be termed a mon- 
ster, know that the worst of monsters is an 
undutiful parent.’ The wretch growled at 
the interruption he had suffered; and I need 
hardly say, manifested no compunction or 
regret, at his cruelty.» 

This must be one of the earliest pub- 
lished comments by a physician on 
child abuse. Philosophers and writers 
had proclaimed on it back to biblical 
times, but did any physician write on it 
prior to James Parkinson in the year 
18007? 

In this pamphlet, entitled The Vil- 





lagers Friend and Physician; or a Fa- 
miliar Address on the Preservation of 
Health, and the Removal of Disease, on 
Its First Appearance; Supposed to be 
Delivered by a Village Apothecary. 
With Cursory Observations on the 
Treatment of Children, on Sobriety, 
Industry, etc. Intended for the Promo- 
tion of Domestic Happiness (Fig 1), 
Parkinson also vented his opposition 
to wet nursing. 


. . . one more werd respecting your chil- 
dren and I have done. Consider it as your 
first duty to see that your child is not robbed 


of that food which nature has provided for : 


it in the breast of its mother. Should the 
mother be tempted for a sordid bribe to 
transfer to another her child’s inestimable 
right, let her consider, that when she sells 
the food of her child, she perhaps also sells 
its life 9» 


And he concluded the small volume, 


Your next duty is the promotion of your 
child’s happiness. As health is necessary to 
happiness your watchfulness over him in 
this respect is indispensable; since by delay, 
neglect, or ill placed confidence, disease 
may be so fixed in him as to render him 
miserable all the rest of his days and even 
to rob you of him at once. Not less necessary ` 
to his happinessis the regulation of even his 
infant passions and the teaching him to 
distinguish accurately between right and - 
wrong. 

Consider the sacred trust which thus de- 
volves. to you, and carefully fulfill this 
delightful duty. Permit not an unbounded 
indulgence, lest your child acquire such a 
disposition, as may be a fruitful source of 
wretchedness to him and you, and render 
him odious to-all around him. But, on the 
other hand, exercise the importance privi- 
lege of correction with mercy. Contemplate 
the countenance of the poor child who suf- 
fers frequent and severe chastisement; ob- 
serve every feature contracted by habitual 
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Fig. 1.—Title page of The Villager’s Friend. 


terror. The most innocent action is per- 
formed with alarm and dread. He hardly 
recovers the shock the system has sustained 
by one series of suffering, before a fresh se- 
ries begins. When this is the case, rely upon 
it the life of that child is iniquitously 
shortened and the parent is guilty of mur- 
dering his child by almost incessant 
torments.'@™) 


Much of Parkinson’s general prac- 
tice must have been pediatrics. He was 
not above trying original or unusual 
treatment. In discussing epilepsy in 
his larger book Medical Admonitions 
to Families Respecting the Health and 
Treatment of the Sick (1st American 
edition published 1803) (Fig 2), he also 
directed the public in health care and 
mentions the violent gusts of passion 
that would seize a 7-year-old girl ter- 
minating in an epileptic fit. Relief un- 
der other physicians was unsuccessful, 
and finally a friend recommended a 
remedy that, if done strictly, would al- 
ways produce a cure. Parkinson gave 
the prescription as follows: 


Take two ounces of blood about the time of 
the moon becoming full from the arm of the 
patient and stir into it a tea spoonful of salt. 
This mixture must be swallowed while still 
warm. If the patient experiences any return 
of the fits the bleeding must be repeated and 
the blood again drunk on the ninth morning 
mixed with the salt as before. 


Parkinson commented on the suc- 
cess of this remedy. 


The blood was taken away and the horrid 
potion drank but neither the one nor the 


96 Arch Neurol—Vol 48, January 1991 


ae PORTSMOUTH, New-Haurenins + 
Pasaran ros JAMES HUMPHREYS Paikabtrsn 
E, Wane is niner ; 

ae 





Fig. 2.——Title page of Medical Admonitions. 


other was accomplished without exciting in 
the unfortunate subject of the experiment 
the strongest signs of repugnance and hor- 
ror. Indeed the experiment would not have 
been made so great a degree of aversion was 
manifested by the patient had not the par- 
ents placed great reliance on a remedy 
which besides being so strongly recom- 
mended was by its uncommoness and by the 
attention required to be paid to the state of 
the moon and to certain days well calcu- 
lated to inspire an extraordinary degree of 
expectation. Complete success was the re- 
ward of their resolution for not only was the 
return of the fit prevented but a most unex- 
pected event took place, the child was no 
longer prone to those violent gusts of pas- 
sion to which she had hitherto been subject. 


And he concluded, 


The child could not avoid making the con- 
clusions that to avoid this terrific and dis- 
gusting process it was absolutely necessary 
that she should repress her passionate ex- 
ertions and that it was much better to sub- 
mit to the will of her parents than to be 
again forced to swallow her own blood. 104 


Parkinson gave very modern sound- 
ing instructions about what to do for 
epilepsy or falling sickness. He recom- 
mended that the patient should be 
protected from injuring himself and 
therefore should be placed on a bed. 
The clothing should be loosened and 
the head moderately elevated. Some 
substance should be introduced and 
held between the teeth to prevent their 
closing on the tongue, but this should 
not be anything fragile such as earth- 
enware or glass, 





Less from the delirious state which occurs 
in the interval of the convulsion or from the 
convulsion itself suddenly coming on he 
should bite out a piece of the edge of the cup 


or glass and thereby get the sharpened bro- « 


ken fragments within his mouth. 109 


In the same volume, Parkinson re- 
peated the directions given by the 
Royal Humane Society about resusci- 
tation of the drowned. The recommen- 
dations were as follows: 


1. Convey carefully the body with head 
raised to the nearest receiving house. 

2. Strip, dry the body, clean the mouth 
and nostrils. 

3. Young children to be put between two 
persons in a warm bed. 

4. An adult—Lay the body on a bed and 
in cold weather near the fire. 

5. The body to be gently rubbed with 
flannel sprinkled with spirits or flower of 
mustard. The proper substances to be sprin- 
kled on flannels and a heated warming pan, 
covered, may be lightly moved over the back 
and spine—Salt never to be employed. 

6. The breath to be fomented with hot 
spirits. Hot bricks or tiles, covered, ete. to 
be applied to the soles of the feet and palms 
of the hands. If no signs of life appear the 
body could be put into the warm bath. 

7. To restore breathing—introduce the 
pipe of a bellow (when no apparatus is at 


hand) into one nostril, the other, and the * 


mouth, being closed, inflate the lungs until 
the breast be a little raised; the mouth and 
nostrils must then be let free. Repeat this 
process til life appears. 

8. Tobacco smoke is to be gently thrown 
into the fundament, with a proper instru- 
ment, or the bowl of a pipe covered so as to 
defend the mouth of the assistant. 

9. Electricity to be early employed either 
by the medical assistants, or other judicious 
practitioners. 0 


After more instructions for various 
other causes of unconsciousness the 
conclusion was that “the plans of re- 
suscitation are to be used for three or 
four hours” and “it is an absurd and ¢ 
vulgar opinion to suppose persons ir- 
recoverable because life does not soon 
make its appearance.” And finally, 
“bleeding never to be employed unless 
by the direction of the medical 
assistants.” 380 

So, in Parkinson’s time, public rec- 
ommendations included the employ- 
ment of artificial means to restore 
breathing, a recommendation that was 
later to be forgotten and only in the 
past few decades rediscovered. 

Who was James Parkinson? He was 
a practicing physician at One Hoxton 
Square in Shoreditch in northeast 
London, as was his father before and 
his son after him. A busy man with a, 
wife and five children he was involved 
in church work and strongly interested 
in politics, especially liberal causes 
and, in fact, dangerously involved in 
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politics in the first half of his life. He 
wrote political pamphlets under the 
pseudonym Old Hubert and was ac- 
cused of playing a part in the popgun 
plot against George III. Clear thinking 
and logical, he disliked dishonesty and 
the incorrectness of things as they 


cowere then and tried to stimulate re- 


ot: 


forms. He also was the author of one of 
the first comprehensive textbooks on 
fossils in the English language, wrote 
a pocket textbook on chemistry and 
one on gout, and was not above sug- 
gesting that medical education re- 
forms were in order in another book. It 
would have been hard to know which 


‘area interested him the most at any 


one phase in his life. 

‘Certainly he was gifted with the pen. 
McMenemey,' who wrote a comprehen- 
sive biography, comments that his sen- 
tences were long and involved and yet 
could be clearly understood, either the 
result of a unique gift or careful 
thought in writing, or both. The two 
books quoted here were designed for 
the lay public and must have been 
among the first such books in English. 

Of course his Essay on the Shaking 
Palsy is one of the finest descriptions 
of disease of all time, but he also com- 
mented on other neurological events. 


In the same two volumes he distin- 


guished between apoplexy and palsy. 
Apoplexy: 

In this disease, the whole of the senses, and 
of the voluntary motions, are in some de- 
gree abolished whilst the actions of the 
heart and lungs continue. The appearance 
of the patient is that of one in a deep sleep; 
the breathing being mostly accompanied by 
a loud snoring 0» 


He did not recognize that he was de- 
scribing intracerebral hemorrhage, 
but did recommend bleeding for apo- 
plexy and not for palsy. Palsy could 
occur in those who had had apoplexy 


«Such persons as have been already de- 


scribed, in the preceding chapter, as pre- 
disposed to attacks or apoplexy, are also 
very liable to paralytic affections” 


Furthermore, he recognized that 
sometimes symptoms occurred before 
the apoplectic attack. 


Sometimes this disease comes on suddenly; 
but most frequently it is preceded by these 
symptoms. The face for sometime before 
appears more than usually florid and the 
eyes slightly bloodshot. The head is giddy 
and frequently affected with pain, particu- 
larly in the back of it. The extremities also 
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are frequently affected with numbness, and 
irregularities, or inability of motion; and 
sometimes a little faltering of speech may 
be discoverable. The patient is almost con- 
stantly drowsy, and generally sleeps par- 
ticularly sound; but is sometimes affected 
with fits of the incubus or nightmare. A 
troublesome ringing noise is frequently 
perceived in the ears; transient irregulari- 
ties both in sight and hearing are fre- 
quently discovered, and every sense ap- 
pears at times to be somewhat impaired. 
Recollection, reflection and every other pro- 
cess of the mind, is performed evidently 
with lessened power.» 


Was Parkinson also the first person 
to describe transient ischemic at- 
tacks? He commented on risk factors: 


The subjects of the disease are generally 
persons in an advanced stage of life. Those 
who have been observed to be particularly 
disposed to it, who are of a corpulent habit, 
and have a large head and short neck. Indo- 
lence, and indulgence in the luxuries of the 
table, as well as the suppression of any dis- 
charge which by its length of continuance 
has been suffered to have become habitual 
to the constitution, contribute much to the 
forming of a predisposition of this 
disease 30? 


He later said that anything that in- 
terrupts the return of blood from the 
head may prove an exciting cause of 
apoplexy, as may violent exertion, es- 
pecially if accompanied by full and 
long continued inspiration, a consider- 
able degree of fatigue, excessive heat 
or cold, violent coughing, long-contin- 
ued stooping posture or with the neck 
in an oblique position, anything worn 
tight about the neck, intoxication, dis- 
tention of the bowels, and violent emo- 
tions. Under palsy he mentioned in 
addition that extreme coldness and 
dampness of the atmosphere play a 
part since the attacks are more fre- 
quent at the first setting in of winter, 
occur in those who lead sedentary lives 
and are engaged in night studies, those 
who suffer much distress and anxiety, 
and the immoderate use of spiritous 
liquors, tobacco, coffee, and tea will be 
likely to promote the production of the 
complaint. 

Parkinson even recommended cer- 
tain therapies. “Exercise should be 
regularly employed.” But electricity is 
not advisable, it might actually make 
the palsy worse. 

The list of those who have written on 
Parkinson starts with Rowntree’s 
tribute in 1912, in which he very care- 





fully summarized the prior writings- 
The most extensive biographies are 
those of McMenemey in 1955‘ and the . 
recent book by Morris in 1989,° for 
which we can thank Clifford Rose who 
saved the manuscript from oblivion. 
after Dr Morris’ death. Comments by’: 
others, including Williamson,’ Eyles,’ 
McHenry,’ Schulte,’ and Jefferson, 
have been added over the years, and 
Yahr,” Richard and Kenneth Tyler,” 
Pearce,“ and Herzberg" have more re- 
cently kept the torch alight for the 
man. We thought it worthwhile to re- 
call from these two relatively unknown 
books some of his two-century-old rec- 
ommendations in pediatrics, general 
practice, and neurology that have not 
heretofore been publicly acknowl- 
edged, and to suggest he may have ` 
been the first physician to comment on. 
child abuse. 
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Keith D. McDaniel, MD, Leslie D. McDaniel, MD 


“We describe a patient who mani- 


fested Anton’s syndrome after sustaining 


head trauma that resulted in optic nerve 


damage and bifrontal contusions. Denial 
blindness, generalized 


prominent neurobehavioral features. An- 
ton’s syndrome is most commonly encoun- 
tered in patients with bilateral occipital 
cortex lesions. Patients previously de- 
scribed who demonstrated Anton’s syn- 
drome secondary to a peripheral lesion 
have had an associated delirium or pro- 
found dementia. Our case demonstrates 
that Anton’s syndrome may occur in asso- 
ciation with blindness from a peripheral 
lesion, even in the absence of a delirium or 


"significant dementia. We suggest that the 


bifrontal dysfunction may have been a 
critical factor in the production of Anton’s 
syndrome. Implications for the role of 
frontal lobe dysfunction in the genesis of 
anosognosia and confabulation are dis- 
cussed. 

(Arch Neurol. 1991;48: 101-105) 


Anton's syndrome traditionally re- 

fers to the clinical phenomenon of 
denial of blindness in a patient who 
has suffered acquired cortical blind- 


|- ness.’ The most common setting of 


Anton’s syndrome is acute bilateral 


occipital cortex ischemia secondary to 


posterior circulation insufficiency. 
Anton’s syndrome is best classified 
as a subtype of anosognosia, a term 
originally introduced by Babinski* to 
describe nonrecognition of a specific 
neurologic deficit. Early descriptions 
of anosognosia referred primarily to 
nonrecognition of left hemiplegia in 
patients with right hemispheric dam- 
age.** Later, anosognosia took on a 
broader definition to include nonrec- 
ognition or denial of hemiplegia, para- 
plegia, involuntary movements, amne- 
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sia, and blindness.” The degree of 
anosognosia ranges from minimiza- 
tion of a specific deficit, indifference, or 
uncencern to lack of recognition and 
frank denial. 

Not all patients with aequired corti- 
cal blindness deny their deficit, and 
there is debate concerning the patho- 
anatomic locus and neurobehavioral 
features associated with denial of 
blindness. Because of its classification 
as a type of anosognosia, and its oc- 
casional co-occurrence with left 
hemiplegia, >° some investigators 
haveintimated that the anatomice sub- 
strate for Anton’s syndrome may be 
the same as for other anosognosias.'2"4 
Specifically, the most common and per- 
sistent of the anosognosic syndromes 
are associated with large right hemi- 
spheric lesions, producing denial of 
left hemiplegia, and some authors 
have suggested that the anosognosic 
component of cortical blindness may 
be secondary to right hemispheric 
dysfunction” or to disruption of thal- 
amic connections to right parietal as- 
sociation cortex or visual association 
cortex.”"* Others” have stated that 
denial of blindness results when occip- 
ital cortex lesions extend beyond cal- 
carine cortex to include visual associa- 
tion cortices (Brodmann’s areas 18 and 
19). 

Disorders of recent memory'*2? are 
frequently observed in patients with 
Anton’s syndrome. Because cortical 
blindness is often secondary to poste- 
rior circulation insufficiency, infero- 
medial temporal lobe structures can be 
similarly affected, thereby producing a 
disorder of recent memory. The obser- 
vation that patients with Anton’s syn- 
drome confabulate about their visual 
deficit as well as events subserved by 
recent. memory"™'*°23 suggests that 
these patients may also have anosog- 
nosia for their memory deficit, thereby 
resembling patients with Korsakoff’s 
syndrome. ”” 

Anton’s syndrome classically occurs 
with cortical blindness, and was be- 
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Anton’s Syndrome in a Patient With Posttraumatic 
Optic Neuropathy and Bifrontal Contusions 


lieved not to occur in cases of blindness 
from peripheral causes.” Although the 
syndrome is most commonly described © 
in patients with cortical blind- 
ness,'"!292!2529 there have been numer- 


ous case reports of Anton’s syndrome: 


occurring in patients with lesions to. 
the anterior visual system, including 


anterior chamber, optic nerve, and op- 


tie chiasm."*°34 In all cases of An- |) 
ton’s syndrome associated with ante-.. 
rior visual system lesions, except. per- 
haps one,” there has been evidence: 
of profound diffuse cognitive dys- — 
function. These patients are de- 
scribed as demonstrating evidence of 
“coarse brain disease” including sig- 


nificant clouding of consciousness, con- 
fusion, disorientation, and/or severe: 
dementia. These clinical observations 


suggest that different mechanisms | 
may be operating in the production of 
denial of blindness depending on 
which part of the visual system has 
been damaged. Geschwind" has sug- 
gested that when blindness is second- 
ary to a peripheral lesion, denial of the 
deficit is more dependent on clouding 
of consciousness or marked dementia 
than in Anton’s syndrome secondary 
to central lesions, in which damage to 
visual association cortex is involved. |: 
We report a case of Anton’s syn- 


drome in a patient who sustained head = 


trauma with bifrontal contusions and 
traumatic optic nerve damage that re- 
sulted in monocular blindness. Al- 
though some memory impairment was. 
present, at the time of the patient’s 
denial of blindness she evidenced nei- 
ther a confusional state nor a signifi- 
cant dementia. In this case, the denial 
of blindness was closely correlated 
with a more generalized anosognosia 
and a marked propensity for confabu- 
lation. 


REPORT OF CASE 


A 36-year-old right-handed woman was 
hospitalized after being hit by a subway, 
having sat in front of the oncoming car in 
a suicide attempt. She had a history of de- 


10% 





pression and alcohol and benzodiazepine 
abuse, but no known history of psychotic 
gymptoms or cognitive impairment. The 
patient sustained an open, depressed, right 
anterior frontal skull fracture, multiple 
maxillary and ethmoid fractures, a right 
orbital blowout fracture, and pelvic and 
right lower-extremity fractures. She had 
initially been found unconscious, but on ad- 
mission was awake and alternately lethar- 
gic and combative, disoriented to place, in- 
consistently able to answer simple ques- 
tions, and able to follow only simple 
commands. Her vital signs were stable. 
Neurologic examination on admission re- 
vealed complete ophthalmoplegia of the 
right eye with minimal exodeviation; the 

right pupil was dilated (8 mm), without di- 
‘i rect or consensual response to light. Visual 
` acuity examination of the right eye re- 

vealed no light perception, and the patient 
did not respond to visual threat. Examina- 
tion of the left eye revealed intact direct 
pupillary light response, visual acuity, and 
extraocular movements, but absent consen- 
gual pupillary light response. The patient 
was able to move all extremities to com- 
mand, and plantar responses were flexor. 

The blood alcohol level on admission was 
157 mg/dL, and the remainder of the toxi- 
cology screen was negative. 

Computed tomographic head scan on ad- 
mission demonstrated bilateral frontal 
fractures extending into the right maxil- 
lary sinus and cribriform plate and into the 
frontal and ethmoidal sinuses bilaterally. 
There was a fracture through the medial 


xo wall of the right orbit, with multiple bone 


. fragments in the right orbit noted near the 
~~ optic nerve, which appeared edematous. Bi- 
lateral hemorrhagic frontal contusions 
- were evident. 

The day of admission the patient under- 
went a craniotomy with subtotal evacua- 
tion of bifrontal hematomas, removal of 
bone fragments, dural repair, and elevation 
of the depressed skull fracture. Postopera- 
tive computed tomographic scans (Figs 1 
through 8) showed bilateral frontal contu- 
sions with edema, fracture of the right 
sphenoid wing, and multiple maxillary si- 
nus, right medial orbital, nasal, and frontal 
fractures. There was evidence of clinoid and 
posterior sphenoid fractures at the right 
optic canal and possible hemorrhage or a 
bone fragment in the right optic nerve. 

During postoperative days (PODs) 2 
through 7, the patient was awake, intermit- 
tently agitated and lethargic, and able to 
follow simple commands, but no formal 
mental status testing was performed. She 
was treated with morphine sulfate (40 to 80 
mg/d), midazolam (10 to 35 mg/d), diphen- 
hydramine hydrochloride (50 mg/d), and 
phenytoin (300 mg/d). Her neurologic ex- 
amination revealed ophthalmoparesis of 
the right eye, a right afferent pupillary de- 
fect, and no demonstrable vision in the 
right eye. The right-sided blindness was 
thought to be secondary to compression or 
transection of the right optic nerve; and the 
ophthalmoparesis, to retro-orbital edema. 
Right ophthalmoparesis was present until 
POD 8, when full eye movement returned. 

On POD 8, psychiatric consultation was 
requested because of agitation and increas- 
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ingly disorganized and impulsive behavior. 
The patient had had tachycardia over the 
previous several days, but her blood pres- 
sure was norma] and there was no tremor or 
nystagmus. On mental status examination, 
the patient was oriented to year and month 
but not to day or location. She was dis- 
tractable and had decreased ability to focus 
attention (digit span: five forward and none 
in reverse). Recent memory was impaired, 
as judged by her inability to recall any of 
four words after 5 minutes. Language was 
fluent but disorganized with marked perse- 
veration and confabulation. The patient 
stated that she was at her sister’s house and 
when confronted with evidence of the hos- 
pital surroundings, replied: “Oh, that per- 
oxide and needles are my sister’s. She has a 
skin problem....” She spontaneously re- 
ported previous fictitious conversations 
with staff members. Although both her legs 
were in casts and her right leg was in trac- 
tion, she completely denied any problems 
with her legs. The patient was not fully co- 
operative with cognitive testing; however, 
the most prominent aspects of her exami- 
nation were the disturbance of recent mem- 
ory; striking spontaneous confabulation 
about her environment, relationships to 
hospital staff, and her injuries; and com- 
plete denial of all aspects of her illness. The 
magnitude of these abnormalities were out 
of proportion to her attentional deficit. 

Although the neurobehavioral examina- 
tion suggested bifrontal and temporal dys- 
function, there was evidence of a compo- 
nent of mild delirium, presumed secondary 
to multiple factors ineluding post-head 
trauma, posteraniotomy, and morphine 
and/or benzodiazepine intoxication. Over 
the next 2 days, with a decrease in the mor- 
phine sulfate dosage from 80 mg/d to 6 to 10 
mg/d, and discontinuation of midazolam, 
the patient’s agitation, disorientation, and 
attentional disturbance decreased mark- 
edly. On POD 11, the patient was oriented 
to the date, city, and hospital, but she con- 
fabulated about the specific name of the 
hospital. Her attention span was improved 
(six digits forward and three in reverse). 
Language examination revealed normal 
comprehension, repetition, and naming, but 
decreased word fluency (word-list genera- 
tion: five animals in 1 minute). Ideomotor 
praxis, double-digit calculations, and con- 
structional ability were intact. Recent and 
remote verbal memory remained impaired. 
Her interpretations of idioms and proverbs 
were concrete. Her ability to do frontal mo- 
tor tasks (Luria hand sequence, alternating 
sequences, and reciprocal programs) was 
impaired. She showed paranoid ideation, 
thinking that the nursing staff was at- 
tempting to harm her. Neurologic exami- 
nation revealed no paresis, symmetric test- 
able reflexes, and normal sensory exami- 
nation, with no extinction to double 
simultaneous tactile stimulation. The re- 
sults of the visual acuity examination were 
unchanged from POD 8, and continued to 
show that the patient had no light percep- 
tion or response to visual threat in her right 
eye. 

At this time (POD 11) the patient contin- 
ued to demonstrate denial of her illness and 
prominent confabulation. Although she 


was blind in her right eye (on six separate 
trials of varying numbers of fingers held up 
to each eye separately with the opposite eye 
occluded, the patient answered six times 
incorrectly on the right and six times cor- 
rectly on the left), she denied the visual de- 
fect. She offered erroneous answers, stating 
that she could see, and gave numerous ex- 
cuses for mistakes made (lighting, head- 
ache, angle of the bed; eg, “No, I can see it. 
I just have a headache. ...”). She also con- 
tinued to deny other aspects of her illness. 
For example, when asked about her leg 
sling, she replied: “That’s not a leg sling, 
that’s an outfit for work; it’s a cape. There’s 
nothing wrong with that leg. ... I’m in the 
hospital for a miscarriage. ... It’s nothing 
really visible. The doctors are just trying to 
compare the two legs.” 

On POD 14, vision in the right eye im- 
proved, with evidence of some light percep- 
tion and accurate finger counting in the su- 
perior field of the right eye. At this time the 
patient began to acknowledge her visual 
deficit stating, “I can’t see very well in that 
eye.” Her recent memory also appeared im- 
proved at this time (one out of three words 
recalled after 5 minutes). Denial of her ill- 
ness and confabulation about her relation- 
ships with staff members and her medical 
condition continued but were less marked. 
Over the next 2 weeks her recent memory 
deficit, denial of illness, and confabulation 
gradually resolved. By POD 30, the patient 
demonstrated full orientation and normal 
attention and concentration abilities. Her 
long-term memory was improved, and her 
visual and recent verbal memory were in- 
tact (able to recall three out of three words 
after 5 minutes). She demonstrated good 
verbal comprehension, naming, and repeti- 
tion but continued to show decreased word 
fluency (six animals in 1 minute). Construc- 
tional ability and calculations were intact. 
Although the frontal motor tasks were ac- 
curately performed, her thinking remained 
concrete. She only rarely confabulated 
about her relationships with staff mem- 
bers. 

The behavioral syndrome described on 
POD 11 persisted and included inappropri- 
ate, disinhibited behavior with evidence of 
poor insight and social judgment, extreme 
irritability, affective lability, verbal disin- 
hibition with frequent threats and occa- 
sional physical abuse toward nursing staff, 
and paranoid ideation. The patient’s family 
stated that these behaviors had not been 
present at any time prior to the hospital- 
ization. 

On POD 42, computed tomographic head 
sean showed bifrontal encephalomalacia 
with increased size of the anterior horns of 
the lateral ventricles and a questionable 
bone fragment extending into the superior 
aspect of the right orbit. Electroencepha- 
lography showed normal alpha activity pos- 
teriorly, with intermittent bilateral tempo- 
ral and posterior temporal slowing in the 
theta and, at times, delta frequencies. 


COMMENT 


This is the first detailed published 
case of Anton’s syndrome associated 
with blindness from an anterior visual 
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Figure 1. 


Figure 4. 





Figure 7. 


lesion occurring in the absence of a 
confusional state or significant demen- 
tia. Stuss and Benson” reported a re- 
markably similar case of bifrontal 
contusions and blindness from optic 
neuropathy, with unconcern and min- 
imization of the visual deficit. Their 
brief description stated that the pa- 
tient was “alert and fully oriented”; 
however, more detailed neuropsycho- 
logical testing was not reported. The 
patient we describe demonstrated nu- 
merous neurobehavioral abnormali- 
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Figure 5. 





Figure 8. 


ties, including an orbitofrontal lobe 
syndrome (disinhibited, impulsive be- 
havior, inappropriate affect, emotional! 
lability, irritability, poor judgment 
and insight, distractibility, and un- 
concern),** impaired frontal motor 
tasks, verbal memory disorder, con- 
fabulation, and denial of illness, in- 
cluding Anton’s syndrome. Language 
(except for diminished word-list gen- 
eration), ideomotor praxis, visuocon- 
structive and calculation abilities, and 
visual memory were all unaffected. At 
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Figure 3. 





Figure 6. 


Figs 1 through 8.—Postoperative noncontrast 
computed tomographic head scan performed 
the day of admission demonstrating bilateral 
frontal contusions, disruption of the integrity of 
the right optic foramen from posterior sphenoid 
fractures (arrow, Fig 1), and possible hemor- 
rhage or bone fragment adjacent to right optic 
nerve (arrowhead, Fig 2). Figure 1. Figure 2. 
Figure 3. Figure 4. Figure 5, Figure 6. Figure 7. 
Figure 8. 


the time the patient manifested An- 
ton’s syndrome, findings of the ele- 
mentary neurologic examination were 
normal, with the exception of the 
noted blindness of the right eye and 
the absence of right direct pupillary 
response, 

Two prominent features of the cur- 
rent case are the patient’s generalized 
anosognosia and the dramatic sponta- 
neous confabulatory responses, which 
persisted beyond the acute confusional 
state. Although confabulation is most 
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‘often encountered in the acute stages 
of Korsakoff’s syndrome,” it is also 
seen in patients with amnesia result- 
ing from a variety of causes.” As not 
all patients with amnesia demonstrate 
-confabulation, a concomitant neurobe- 
havioral alteration or focal anatomic 
lesion may be necessary for the pro- 
duction of confabulation. Although 
some degree of memory impairment is 
probably necessary, there is evidence 
that confabulation is additionally de- 
pendent on frontal lobe dysfunction 
manifesting as perseveration, lack of 
verbal inhibition, and poor self- 
monitoring”? Some investigators 
have speculated that the confabulation 
demonstrated by patients with Korsa- 
koff’s syndrome is an indication of im- 
pairment of cognitive functions in ad- 
dition to memory.” The poor strategy 
formation in problem-solving tasks 
demonstrated by these patients” sug- 
gests disruption of frontal lobe func- 
tioning. The bulk of evidence indicates 
“that confabulation is encountered 
. most commonly in patients with mem- 
ory disorders when there is an associ- 
ated confusional state or bifrontal 
dysfunction. Some investigators 
distinguish between provoked confab- 
ulation as a normal response to im- 
‘paired memory and spontaneous or 
fantastic confabulation as indicative 
of frontal dysfunction occurring in 
conjunction with an underlying mem- 
ory disorder.“ Additionally, there 
is speculation that deficits in frontal 
lobe-dependent, self-monitoring func- 
tions may also be involved in produc- 
ing anosognosic syndromes.” 

Many observers have noted a close 
relationship between the tendency to- 
ward confabulation and  anoso- 
gnosia.*'*3" The intricacies of these 
phenomena have recently been elabo- 
rated by Fisher,” who suggests that 
“unawareness is a necessary precondi- 
tion for confabulation.” Importantly, 
in virtually all cases of both central 
and peripheral Anton’s syndrome de- 
scribed, there is mention of confabula- 
tion, in relation both to the visual def- 
icit itself and to other aspects of the 
patient’s clinical state. 5712 In our 
patient, confabulation was closely as- 
sociated with generalized anosognosia, 
both of which resolved almost simul- 
taneously. It may be that confabula- 
tion is a requisite accompaniment to 
Anton’s syndrome regardless of the 
site of visual system damage. 

Our patient demonstrated a memory 
disorder with electroencephalographic 
evidence of bitemporal dysfunction 
and a clinical frontal lobe syndrome 
with bifrontal structural lesions dem- 
onstrated on computed tomographic 
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scan. We suggest that the bitemporal 
and bifrontal dysfunctions were essen- 
tial in the production of the patient’s 
confabulation and anosognosia and 
that these features, in conjunction 
with the visual defect, produced An- 
ton’s syndrome. The patient’s memory 
disorder, confabulation, and anoso- 
gnosia resolved together, although the 
frontal lobe behavioral syndrome per- 
sisted. With regard to the patient’s 
anosognosia, it is important to note 
that right parietal function was found 
to be normal based on visuoconstruc- 
tive abilities, neurologic examination, 
computed tomographic scan, and elec- 
troencephalography. 

As noted in the case description, 
resolution of the denial of monocular 
blindness occurred as the patient’s vi- 
sion began to return. The remaining 
anosognosic features persisted and 
then subsequently cleared with reso- 
lution of the confabulation and mem- 
ory disorder, suggesting an important 
interaction among these variables. 
However, it is important to note that 
the anosognosia and confabulation oc- 
curred when edema from the acute 
frontal contusions would have been 
maximal. Independent of improve- 
ment of the patient’s memory func- 
tion, it is possible that reduction of 
frontal edema was a contributing fac- 
tor in the resolution of both the con- 
fabulation and the anosognosia. 

This case demonstrates that denial 
of blindness in cases of anterior visual 
system lesions does not necessarily re- 
quire a confusional state or severe de- 
mentia, as suggested in previous re- 
ports. Instead, we suggest that the in- 
teraction of a memory deficit with the 
inability to critically self-monitor re- 
sponses due to frontal dysfunction was 
sufficient to produce denial of blind- 
ness secondary to a peripheral lesion. 
This case provides supporting evidence 
for the hypothesis perhaps initially 
proposed by Bychowski* and elabo- 
rated by Stuss and Benson” that fron- 
tal lobe dysfunction may be a critical 
factor in nonrecognition or denial of a 
deficit, including blindness resulting 
from peripheral causes. 
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Pupil-Sparing Oculomotor Nerve Palsy 
_ due to Midbrain Infarction 
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è Vasculopathic oculomotor nerve pal- 
sies with pupillary sparing are thought to 
be due to ischemic damage to the nerve in 
the subarachnoid space or the cavernous 
sinus. We present two cases of patients 
with isolated pupil-sparing oculomotor 
nerve palsies due to midbrain infarcts. Fo- 
cal ischemic midbrain lesions should be 
considered in cases of pupil-sparing ocu- 

-lomotor nerve palsies. 
(Arch Neurol. 1991;48: 105-106) 


J Mfaretion of the oculomotor nerve 
causes pupil-sparing oculomotor 
palsies associated with diabetes mel- 
litus or hypertension. At present, the 
favored site of the infarction is the pe- 
ripheral portion of the nerve, rather 
than the intra-axial portion. Intra- 
axial lesions causing pupil-sparing 
oculomotor palsies are rare in the 
literature.’ The association of a hemi- 

,. paresis, rubral tremor, or sensory loss 
with the oculomotor palsy places the 
= lesion’in the midbrain. In 1987, Hopf 
-and Gutmann? postulated the intra- 
axial location of isolated pupil-sparing 
palsy based on studying the masseter 
reflex. The mesencephalic tract of the 
trigeminal nerve moderates the mas- 
seter reflex. This tract extends up to 
the level of the oculomotor nucleus and 
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lies dorsolateral to the nucleus. The 
authors hypothesized that a lesion af- 
fecting the oculomotor nerve in the 
midbrain also could affect the mas- 
seter reflex. Using electrophysiologic 
recording of masseter reflex responses, 
they found depressed responses ipsi- 
lateral to the oculomotor palsy in sev- 
eral patients. In support of this hy- 
pothesis, we report two cases of pa- 
tients with isolated pupil-sparing 
oculomotor palsy with magnetic reso- 
nance imaging scan substantiation of 
mesencephalic lesions. 


REPORT OF CASES 


Case 1.—A 23-year-old previously 
healthy woman presented with the abrupt 
onset of severe, throbbing retro-orbital 
headache on the left side. An hour later, she 
noticed oblique diplopia and ptosis of the 
left eyelid. Prior to reaching the hospital, 
she experienced tingling around the mouth 
on the right side associated with slurred 
speech and clumsiness of her right hand. By 
the time she reached the emergency depart- 
ment, the paresthesias and dysarthria had 
resolved. Her medical history was unre- 
markable except for the use of oral contra- 
ceptive agents for 2 years. The family his- 
tory was positive for migraine in her 
mother and maternal grandmother. 

Examination on admission revealed only 
a complete oculomotor palsy with total 
sparing of the pupil. No speech disturbance 
or other focal neurologic signs were evident. 
Results of radiologic studies, including a 
computed tomographic scan of the head 
with and without contrast, and cerebral 
angiography of the carotid and basilar ar- 
terial systems were normal. Results of 
blood tests revealed negative serologic test 
results for syphilis, a Westergren sedimen- 
tation rate of 15 mm/h, a negative antinu- 
clear antibody and rheumatoid factor, and 
normal complement function. Screening for 
diabetes, hypertension, and heart disease 
was also negative. The spinal fluid was nor- 
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mal with a cell count of 4 X 10° leukocytes 
per liter and 5 x 10° erythrocytes per liter. 
The cerebrospinal fluid protein level was ` 
0.28 g/L and the glucose level was 2.9 © 
mmol/L. Cerebrospinal fluid VDRL was: 


negative, and the IgG levels, myelin basic 
protein, and oligoclonal bands were all.” 


within normal limits. Results of an edro- 
phonium test were also negative. A mag- ee 
netic resonance imaging scan revealed a le- 
sion in the left midbrain suggestive of an 
infarct (Fig 1). The abnormal signal was 
located primarily in the fascicular portion 
of the left third nerve in the caudal portion 
of the midbrain. The diagnosis of compli- 
cated migraine was made. She stopped tak- 
ing her oral contraceptives and had gradual 
improvement of her ptosis and ocular mo- 
tility, with total resolution after 6 months. .. 
No evidence of acquired oculomotor syn- 
kinesis was present at the time. 

Case 2.—A 78-year-old woman with in- 
sulin-dependent diabetes mellitus pre- 
sented with the painful abrupt onset of 
horizontal diplopia. Examination revealed 
a complete third-nerve palsy of the left eye 
with total sparing of the pupil. A computed 
tomographic scan of the head was normal. 
The magnetic resonance imaging scan re- 
vealed a lesion in the left midbrain in the 
fascicular portion of the third nerve (Fig 2). 

Masseter reflex latency (3 days after on- 
set) was determined by stimulating the jaw 
mechanically with a reflex hammer con- 
taining a piezo-electric element to trigger 
the oscilloscope sweep. The reflex response 
was recorded simultaneously by surface 
electrodes over both masseter muscles (re- 
cording electrodes) and the lateral edge of 
the orbits (reference electrodes). The reflex 
latency was 8.7 milliseconds on the left side 
and 7.9 milliseconds on the right side (nor- 
mal side-to-side difference, <0.5 millisee- 
onds). Two weeks later the latencies were 
normal at 8.1 milliseconds bilaterally. 


COMMENT 
Both of our patients had apparent 
ischemic pupil-sparing oculomotor ` 
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Fig 1.—Left, Case 1. Coronal T,-weighted magnetic resonance imaging reveals an area of in- 
creased signal in the midbrain located left of the midline and caudal to the red nucleus. Right, Case 
1. Axial T,-weighted magnetic resonance imaging reveals an area of increased signal on the left 


in the region of the third-nerve fascicle. 





Fig 2.—Case 2. Axial T,-weighted magnetic 
resonance imaging at the midbrain level re- 
veals an area of increased signal on the left 
side adjacent to the cerebral peduncle extend- 
ing into the third-nerve fascicle. 


palsy unassociated with other neuro- 
logic abnormalities on examination, 
and had demonstrable midbrain le- 
sions by magnetic resonance imaging. 
The prolonged masseter reflex latency 
in patient 2 also supports an intra- 
axial lesion. These cases challenge the 
present tenets regarding isolated pu- 
pil-sparing oculomotor lesions of is- 
chemic origin. Three autopsy studies 
of diabetic patients with pupil-sparing 
oculomotor palsy provide the basis for 
the current theory about the location 
of the anatomic lesion.’ Examination 
of the affected nerves revealed abnor- 
malities in the cavernous sinus portion 
of the nerve,’ or just after exiting the 
midbrain in the subarachnoid space. 
Microscopic sections revealed destruc- 
tion of myelin, narrowing of the vasa 
nervorum, and axonal damage. None of 
the autopsy studies found the arterial 
occlusion thought to casue the lesion. 
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The authors found sparing of the pe- 
ripherally located pupillomotor fibers 
in comparison with the core of the 
nerve. They felt that pupillary sparing 
was based on end-arterial ischemia to 
the center of the nerve and the relative 
resistance of the small unmyelinated 
pupillary fibers to ischemia. 

In our cases the lesions diagnosed by 
magnetic resonance imaging are in the 
fascicular portion of the nerve. The fi- 
bers of the oculomotor nucleus tra- 
verse the midbrain as multiple bun- 
dles and course both through and 
around the red nucleus.‘ The expansion 
of the red nucleus during embryologic 
development is thought to cause the 
spreading of the fibers. Neuroana- 
tomic studies of rats show that the oc- 
ulomotor rootlets emerge from the 
brain stem as free rootlets and fuse to 
become the oculomotor nerve trunk 
after traveling a short distance in the 
subarachnoid space.’ Therefore, a fas- 
cicular lesion could theoretically lead 
to sparing of the pupil or an innervated 
muscle. In addition, the caudal loca- 
tion of the lesion in patient 1 could ex- 
plain the pupil sparing by not involv- 
ing fibers from the more superiorly lo- 
cated Edinger-Westphal nucleus. 
Fascicular lesions of the oculomotor 
nerve have caused other atypical ocu- 
lomotor palsies.'*? In 1983, Nadeau and 
Trobe! published two cases of pupil- 
sparing oculomotor palsy due to mid- 
brain lesions involving the fascicle. 
These cases differed from ours in that 
both of the patients had additional 
neurologic findings on examination. 

Oculomotor nuclear lesions also 
cause atypical partial oculomotor pal- 
sies. In 1982, Warren et al® reported 
cases of isolated inferior rectus pal- 
sies. The authors felt the anatomic le- 


sion was in the oculomotor nucleus. 
Smith” questioned the validity of the 
hypothesis because no anatomic proof 
was available. Five years later an au- 
topsy study of a patient with an iso- 
lated inferior rectus palsy revealed a 
solitary metastasis to the apropriate 
oculomotor nucleus.” Magnetic reso- 
nance imaging scans revealed the le- 
sion premorbidly. 

Focal midbrain lesions can be the 
basis for isolated pupil-sparing oculo- 
motor palsies, and may be more com- 
mon than previously thought. Hopf 
and Gutmann,” studying diabetic pa- 
tients with isolated third-nerve palsies 
(the majority with pupil sparing), 
noted that the ipsilateral masseter re- 
flex response was completely or par- 
tially absent or the reflex latency was 
delayed in most of the patients. These 
findings provide further support for a 
mesencephalic location for isolated oc- 
ulomotor palsies. Continuing investi- 
gations involving magnetic resonance 
imaging scans, pathologic examina- 
tion, and electrophysiological studies 
are needed to further assess the rela- 
tive importance of midbrain lesions in 
the cause of these cases. 
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cle weakness 
_ (pseudohypertrophy) is a myopathic 
_. process. There have also been a few re- 
. ports of congenital hypertrophy of 
muscle, connective tissue, and bone re- 





è We describe a patient with congenital 
monomelic hypertrophy who later devel- 
oped progressive footdrop due to a de- 


: generative myopathy. The clinical, elec- 


trophysiologic, and pathologic features of 
the case are described and compared with 
those of a previously reported case. 


{Arch Neurol. 1991;48:107-110) 


- From the earliest investigation of 


. progressive degenerative disorders 
of muscles in the mid-19th century, 
there has been interest in the phenom- 
enon of muscular hypertrophy, or 
pseudohypertrophy.™ This is usually a 
symmetrical and generalized process, 
and associated with progressive mus- 
cle weakness. There have been a small 
number of reports of muscle hypertro- 
phy associated with nerve lesions, such 
as radiculopathies,** but usually mus- 
with hypertrophy 


stricted to one side or to a single 
extremity™* and associated with di- 
verse clinical features. One patient 
with monomelic hypertrophy de- 
scribed by Celesia et al’ developed a 
progressive myopathy. We report a 
second case of congenital monomelic 
hypertrophy with progressive myopa- 
thy, which differs from the case re- 
ported by Celesia et al’ because of the 
absence of clinical and electromyo- 


n graphie myotonia. 


REPORT OF A CASE 
At birth, the left leg of our patient was 


-' noted to be larger than the right, both in 
“girth and in length. At the age of 11 years, 


she underwent epiphysiodesis of the left 
fibula, tibia, and second and third toes and 
ray deletion and excision of the fifth toe. A 
biopsy specimen of the tibialis anterior 
muscle showed chronic myopathie changes 
(see below). The specimen of the left fifth 
toe included muscle that showed no abnor- 
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mality. Soon after this, her parents noted 
that she had difficulty with the frog kick 
while swimming, and at the age of 12 years, 
she developed inability to dorsiflex the left 
great toe. At the age of 15 years, she under- 
went a left peroneus longus tendon trans- 
plant and debulking and shortening of the 
first and second toes. A left adductor hallu- 
cis muscle biopsy specimen showed chronic 
myopathic changes similar to those seen in 
the tibialis anterior muscle specimen. At 
age 16 years, the patient developed a pro- 
gressive left footdrop and underwent elec- 
trophysiologic studies (see below), com- 
puted tomography, and magnetic resonance 
imaging of the thoracolumbar region, all of 
which revealed no abnormalities. By the 
age of 20 years, the left footdrop had pro- 
gressed, and the patient complained of left 
hip and leg pain on walking. Subsequent 
electrophysiologic studies and magnetic 
resonance imaging of the legs were per- 
formed (see below). 

A physical examination performed when 
the patient was 20 years old showed her left 
leg to be 1 inch longer than her right leg. 
The circumference of the left leg and the 
size of the left foot were increased com- 
pared with the right (Fig 1). Her left shoe 
was size 8, and her right shoe was size 6. The 
muscle bulk was increased throughout the 
left leg, with the exception of the left tibi- 
alis anterior muscle, which was of normal 
bulk. There was no hypertrophy of any 
other parts of the body. There was a left 
footdrop with varus deformity and contrac- 
ture of the left tendo achillis. There was no 
observable contraction of the left tibialis 
anterior, peroneus longus, and extensor 
hallucis longus muscles. The left triceps 
surae muscle, hip adductors and abductors, 
and extensor digitorum brevis muscle were 
slightly weak on toe walking. The strength 
of all other muscles appeared normal. The 
right knee and ankle jerks were 2+, the left 
knee jerk was trace, and the left ankle jerk 
was 1+. Plantar responses were flexor, 
There was diminution of pinprick sensation 
over the upper lateral aspect of the left shin 
that had been present since the prior knee 
surgery. 


INVESTIGATIONS 


The patient’s serum creatine kinase 
level was 165 IU (normal, 21 to 80 IU), 
with an MB fraction of 7% and a BB 
fraction of 0%. Other hematologic and 
biochemical test results were normal. 


Peripheral Electrophysiologic Studies 


When the patient was 16 years old, 
findings of motor conduction studies in 
the left peroneal nerve, terminal la- 
tency, F-wave latency, and amplitude 
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of the maximal evoked-action poten- 


tial were normal, as was the left sural _ : 


sensory nerve action potential. 
Electromyography (EMG) of the left 
tibialis anterior muscle showed pro- 
fuse fibrillation potentials and positive 
sharp waves, complex repetitive: dis- 
charges (CRDs), and numerous early- 
recruited brief-duration motor unit 
action potentials. Similar but lesser 
changes were seen in the left peroneus 


longus and vastus lateralis muscles, 


The left gastrocnemius muscle, the 
muscles in the right lower limb, and 
the paraspinal muscles showed no ab- 
normalities. Single fiber EMG of the 
left tibialis anterior muscle revealed 
an increased fiber density of 2.05 (nor- 
mal, 1.57 + 0.22)," with several pairs 
exhibiting increased jitter and block- 
ing. 

When the patient was 19 years old, 
findings of motor conduction studies in 
the left peroneal and tibial nerves were 
entirely normal, including peroneal 
nerve conduction across the fibular 
head. Electromyography of the left 


tibialis anterior and extensor hallucis . 


longus muscles showed increased in- 
sertional activity, fibrillation poten- 
tials and positive sharp waves, CRDs, 
and no voluntarily activated motor 
units. The left peroneus longus muscle 
showed very similar changes, with. 
very-brief-duration  low-amplitude 
motor unit potentials. Lesser degrees 


of myopathic change were seen in the _ 


left extensor digitorum brevis and lat- 
eral gastrocnemius muscles. The left: 
biceps femoris muscle showed no ab- 

normality. 

When the patient was 20 years old, 
EMG of the right tibialis anterior, 
gastrocnemius, and extensor digito- 
rum brevis muscles revealed no abnor- 
malities. 


Muscle Biopsy Findings 


When the patient was 11 years old, 
paraflin-embedded sections of the left 
tibialis anterior muscle showed exten- 
sive myopathic changes with areas of 
muscle fiber hypertrophy, an increased 
proportion of fibers with internal nu- 
clei, and many small degenerating and 
regenerating muscle fibers embedded 
in connective tissue. A few foci of 
chronic inflammatory cells were seen 
without a perivascular distribution. 
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When the patient was 15 years old, 
eryostat sections of the left adductor 
hallucis muscle showed disseminated 
necrotic and regenerating fibers, with 
foci of interstitial inflammatory cells. 
There were clumps of regenerating fi- 
bers and minor changes suggesting fi- 
ber-type grouping. There was a con- 
siderable increase of interstitial con- 
nective tissue, fiber splitting, and fiber 
hypertrophy (Fig 2). 


Magnetic Resonance Imaging 


When the patient was 18 years old, 
magnetic resonance imaging showed 
considerable hypertrophy of the mus- 
cles of the left leg including the glutei 
(Fig 3). The left tibialis anterior mus- 
cle, the peroneal muscles, and the deep 
part of the medial gastrocnemius mus- 
cles were atrophic, with areas of ab- 
normal increased signal intensity. 





COMMENT 
Fig 1.—Front (left) and back (right) views of patient's legs showing the increase in girth of the en- A diagnosis of the rare condition of 
tire left leg. monomelic hypertrophy requires en- 


Fig 2.—Cryostat sections of left adductor hallucis muscle at age 15 years. There is considerable variation in fiber size and 
shape, with both rounded and angular atrophic fibers (top left) occasional hypertrophic fibers (top right), necrotic fibers (bot- 
tom left), and rimmed vacuoles (bottom right) (hematoxylin-eosin; bars = 50 um). 
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largement in both bulk and length of 
all the elements (bones, muscles, and 
connective tissue) in one limb. There 
are many causes of this syndrome. 
Monomelic hypertrophy is most fre- 
quently idiopathic, although it can be 
secondary to local causes such as a 
proximal arteriovenous malformation 
of the limb,” angiomatosis,” or nerve 
trauma.” It has also been associated 
with neurofibromatosis’ and Wilms’ 
tumor." A contralateral hemiatrophy, 
resulting from congenital cerebral le- 
sions such as a porencephalic cyst, 
must not be misinterpreted as hemi- 
hypertrophy of the normal side. 

To our knowledge, monomelic hy- 
pertrophy and a progressive mono- 
melic. myopathy have been associated 
only in our case and that of Celesia et 
al.’ Celesia and colleagues described a 
woman with right lower-extremity 
monomelic hypertrophy present from 
birth, who at the age of 12 years devel- 
oped progressive footdrop and weak- 
ness of the right hip flexors. In both 
cases, electrophysiologic and patho- 
logical studies revealed a typical myo- 
pathy. The patient of Celesia and col- 
leagues had spontaneous and percus- 
sion myotonia restricted to the 
affected quadriceps femoris muscle 
and “bursts of high-frequency dis- 
charges to electrode movement and 
after volitional contraction, character- 
istic of myotonia,” on EMG. Myotonia 
was absent in our case, although there 
was considerable membrane irritabil- 
ity with CRDs. 

True myotonic discharges are char- 
acterized as repetitive discharges at 
rates of 20 to 80 Hz of either biphasic 
spike potentials of less than 5-milli- 
second duration or positive waves of 5- 
to 20-millisecond duration, recorded 
with an EMG needle after voluntary 
muscle contraction or muscle percus- 
sion.” They are due to independent, 
repetitive discharges of single muscle 
fibers. To be accepted as true myotonic 
discharges, the amplitude and fre- 
quency of the potentials must wax and 
wane, producing a characteristic dive- 
bomber or motorcycle sound in the au- 
dio display of the EMG. Complex re- 
petitive discharges are a series of poly- 
phasic or serrated action potentials 
that may begin spontaneously or after 
a needle movement; have uniform fre- 
quency, shape, and amplitude; and are 
abrupt in onset, cessation, or change in 
configuration? The amplitude of 
CRDs ranges from 100 nV to 1 mV, and 
the frequency of discharge ranges 
from 5 to 100 Hz. Complex repetitive 
discharges are seen in a wide variety of 
myopathic and lower motor neuron 


22. 


disorders.™™ The description of the 
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Fig 3.—Magnetic resonance imaging (repetition time, 300 milliseconds: echo time, 30 millisec- 
onds). Coronal view of the legs at midcaif level showing the increase in bulk of most of the mus- 
cles on the left, and patchy increased signal in the atrophic tibialis anterior muscle, the peroneal 
muscles, and the deep part of the medial gastrocnemius muscles. 


EMG bursts of activity described in 
the patient of Celesia et al’ lacks men- 
tion of waxing and waning amplitude 
and frequency, and their article was 
published before the criteria for sepa- 
rating true myotonic discharges from 
CRDs were well established. We be- 
lieve that the burst of activity in the 
case of Celesia and colleagues may 
have been CRDs. The evidence both in 
our case and in that of Celesia and col- 
leagues indicates that the myopathy 
was restricted to the hypertrophic 
limb, although longer follow-up is 
needed to exclude a very asymmetric 
presentation of a more generalized 
myopathy. 

Why a progressive myopathy should 
develop in a limb afflicted with 
monomelic hypertrophy is unclear. It 
is possible that at an early embryonic 
stage the cell(s) destined to give rise to 
the affected limb segregated a genetic 
abnormality, such as a chromosomal 
anomaly or a mutation, that was later 
responsible both for focal macrosomia 
and for an abnormality of skeletal 
muscle. There are as many possible 
causes for this myopathy as there are 
inherited disorders of muscle associ- 
ated with hypertrophy, including 
Duchenne-type and Becker’s muscular 
dystrophies (although both patients 
are female), myotonia congenita of 
Thomsen and of Becker,*** and limb- 
girdle muscular dystrophy. 

Muscle hypertrophy has been re- 
ported rarely in association with le- 
sions of nerve, including radicular 
lesions,** and with chronic spinal mus- 
cular atrophy.” Monomelic amyotro- 
phy due to focal anterior horn cell de- 
generation is now a well-recognized 
condition,” but this has not been re- 
ported to be associated with musele 
hypertrophy. The increased fiber den- 
sity in the affected tibialis anterior 
muscle on single-fiber EMG in our 


case, together with increased jitter 
and blocking, suggested some neuronal 
involvement,” although the muscle bi- 
opsy findings and EMG indicated that 
the process was primarily a myopathy. 

The various acquired forms of gen- 
eralized muscle hypertrophy also need 
to be considered as causes for this 
monomelic myopathy. Such conditions 
include de Lange’s syndrome,” hy- 
pothyroid myopathy,“ and amyloid 
myopathy.” Hypertrophia musculo- 
rum vera is not a specific disease entity 
but rather is a syndrome of diffuse 
muscular hypertrophy of multiple 
causation.’ Focal nodular myositis” 
may cause focal muscle hypertrophy, 
and monomelic myositis has been 
described.” However, all of these ac- 
quired causes of muscle hypertrophy 
appear unlikely to be relevant in these 
two cases of congenital monomelic hy- 
pertrophy with myopathy in view of 
the macrosomia and the muscle biopsy 
changes. It appears, therefore, that the 
case of Celesia et al’ and our case rep- 
resent similar but slightly different 
diseases of muscle occurring in a limb 
affected by congenital monomelic hy- 
pertrophy. The understanding of the 
basis of these muscle degenerations 
may come from advances in the molec- 
ular genetics of muscle disease. 


We are grateful to Robert Greenwood, MD, for 
referring this patient and to the Department of 
Pathology of Duke University, Durham, NC, for 
access to slides of the pathologic material in this 
case. 
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of Headache, Facial Pain and Neuralgia 
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practicing physicians. If interested, send 
CV to: Dr. John Tummons, Administrator. 


Methodist Hospital of Kentucky 
911 South Bypass, Pikeville, KY 41501 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophysi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
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PEDIATRIC 
|| NEUROLOGIST 


Excellent quality of life available in 
| Savannah-Hilton Head area, site of the 
-1996 Olympic Games sailing events. 
4 Outstanding recreational opportunities, 
{> nation’s largest urban historic district, 

and superb symphony are among the 
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A weli-trained, personable neurologist 
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“three hospitals, including a major region- 
al teaching hospital, affiliated with the 
' Medical College of Georgia. First year 
guarantee is $80,000 plus bonus, leading 
to full partnership after two years. Earn- 
ings potential, availability of strong 
multi-specialty support, and opportuni- 
ties for teaching are extraordinary. 


if interested contact: 
Randy Wellman, Office Manager 
Savannah 
Neurological Associates, PC 


P.O. Box 23059 
Savannah, GA 31403 e (912) 354-8151 


IMMEDIATE OPENING 
FORA 


GENERAL 
IEUROLOGIST 


Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 
competence in EEG, EMG and 
evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 


Please submit CV to: 


puy EAST 


TENNESSEE 
NEUROLOGY 
CLINIC 


Suite 501 
Baptist Professional 
Building 
Knoxville, TN 37920 





BUCKS COUNTY, PENNSYLVANIA — Position 
available in this beautiful, southeastern Pennsyl- 
vania location for a BE/BC neurologist to join two 
young colleagues in a growing private practice. All 
diagnostic modalities locally available in this highly 
trained medical community, situated 30 minutes 
from Center City. Philadelphia and iess than 90 
minutes from Manhattan. High salary/benefits with 
potential for partnership. Reply: Box #807, c/o AON. 


METROPOLITAN 
WASHINGTON, DC AREA 


Rapidly expanding neurology practice, 
with multiple locations, is seeking a BE/BC 
neurologist to join our dynamic team. Our 
offices are conveniently located, providing 
easy access to the areas finest hospitals as 


well as the nation’s capital. We offer acom- 
petitive salary, excellent benefits and the 
opportunity for partnership. For more 
information please call or write: 
William C. Nantz 
10721 Main Street, Suite 2500 
Fairfax, VA 22030 © (703) 352-5861 





NORTH CAROLINA-—-NATIONWIDE. Group/solo 
opportunities. Excellent compensation. Dr. Len 
Goodman, 5600 Executive Center Drive, #102, 
Charlotte, NC 28212. (704) 536-2527. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: National (800) 237-9851: Florida 
(800) 553-8288. 


CLEVELAND CLINIC FLORIDA 
NEUROLOGY 


Cleveland Clinic Florida, a multi-specialty 
group practice, is seeking a BC/BE neurolo- 
gist. Individual must have strong clinical skills, 
training and experience in EEG, evoked 
potentials, sleep physiology, and EMG, and 
be interested in helping develop new clinical 
programs/services in a rapidly growing 
department. Interest in clinical research and 
education a must. Excellent salary and bene- 
fit package. Send CV to: 

Virgilio D. Salanga, MD 
Department of Neurology 
Cleveland Clinic Florida 
3000 West Cypress Creek Road 
Ft. Lauderdale, Florida 33309 





THIRD BC/BE NEUROLOGIST desired for growing 
neurology practice in southern Michigan. EMG/EEG 
expertise required. Wide referral base. Equipped 
neurophysiological laboratory available. Exceptional 
lifestyle and cultural resources. Attractive salary and 
incentives leading to partnership in one year. Please 
write to: Neill S. Hirst, MD, 250 West Eisenhower, 
Suite 100, Ann Arbor, M! 48103. Telephone: (313) 
665-6638. 

BC/BE NEUROLOGIST to join busy neurology 
practice in southeast Virginia, South Hampton 
Roads area, near Norfoik, Williamsburg and Outer 
Banks. University affiliation available. EMG and 
sleep training desirable. Competitive salary leading 
to partnership. Send CV to: Southeastern Neurol- 
ogy Group, Robert Hansen, MD, 1890 North Main 
Street, Suite G01, Suffolk, VA 23434. 


CENTRAL OHIO—BC/BE neurologist to join busy 
solo practice located near Columbus. Experience in 
EMG. EEG and EP is desirable. Attractive compen- 
sation and benefits with productivity bonus. Full 
partnership in two years. Reply to: Robert M. Taylor, 
MD. 66 McMillen Drive, Newark, OH 43055. Or cail: 
(614) 344-6992. 





PLEASE NOTE —Address replies to box number 
ads as follows: Box number, ss, c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 





















FLORIDA'S CENTRAL EAST COAST —Aduit 
neurologist with EMG training wanted to join group 
of eight neurologists. We live an a high tech, beach- 
side community with great schools and affordable 
housing. Please send CV to: Search Committee, 
P.O. Box 693, Melbourne, FL 32902. 
NEUROLOGIST — Neurologist with particular 
interest in EMG and nerve conduction studies to join 
neurology section of a 25-physician internal medi- 
cine group practice. Full testing facilities available 
both in the clinical office and at the teaching hospi- 
tal. Growing area of coastal North Carolina, 250,000 
referral area. Excellent industrial base, 7,500-student 
university campus, year round sailing, golfing, ten- 
nis, fishing, and other recreational opportunities. 
500-bed tertiary care hospital, internal medicine 
residency program, academic affiliation with UNC- 
Chapel Hill. Full benefit package, competitive salary. 
CV to: Daniel Gottovi, MD, Wilmington Health 
Associates, P.A., 1202 Medical Center Drive, Wil- 
mington, NC 28401. 


Neurologist 


The Duluth Clinic, Ltd., a 160-physician, 
multi-specialty regional referral center 
in a metropolitan base of 125,000 with a 
regional referral base of 500,000 people, 
is seeking an additional board-certified/ 
-eligible neurologist, preferably with 
interest in EMG and evoked potentials. 
Currently the staff includes one child 
neurologist, five adult neurologists and 
three neurosurgeons. State-of-the-art 
support services and equipment are in 
place. Ample outdoor recreational and 
cultural facilities are available. Please 
respond with complete curriculum vitae to: 


James G. Brueggemann, MD 
Medical Director 





















The Duluth Clinic, Ltd. 
400 East Third Street, Duluth, MN 55805 


An equal opportunity employer 






PEDIATRIC NEUROLOGY—Premier group in 
medium-sized community in the northern midwest 
seeking BC/BP pediatric neurologist to join two 
adult practitioners. Practice in place. Excellent 
financial package available leading to partnership. 
Phone or write: Mary Frances Lyons, MD, at (800) 
678-7858 (local (314) 726-1603), c/o Cejka & Com- 
pany, 222 South Central, Suite 400, St. Louis, MO 
63105. FAX # (314) 726-0026. 





EPILEPSY FELLOWSHIP —Immediate opening 
available for one or two year epxerience. Active clin- 
ical program with emphasis on comprehensive med- 
ical and psychosocial management and clinical 
drug trials. Intermediate level epilepsy monitoring 
{video and ambulatory EEG) is in place. Training in 
EEG, EP, quantified EEG and brain mapping is 
available. Interested applicants may apply to: Dr. 
Venkat Ramani, Department of Neurology, Albany 
Medical College, Albany, NY 12208. (518) 445-5227. 
EMG AND NEUROMUSCULAR Disease Feltow- 
ship, University of Mississippi Medical Center. 
Comprehensive fellowship in clinical neuromuscu- 
lar disease, electromyography (including single fiber 
EMG), and muscle and nerve pathology for one or 
two years. The experience is based on a large MDA 
clinic (over 500 patients), an active EMG laboratory 
(700 procedures/year), and a muscle pathology 
laboratory within the department of neurology. 
Optional time in a basic science laboratory studying 
caicium and receptor mechanism in neuromuscular 
disease. Send CV and three letters of recommenda- 
tion to: S.H. Subramony, MD, Department of Neu- 
rology, University of Mississippi Medical Center, 
2500 North State Street, Jackson, MS 39216-4505. 
Equal opportunity employer, M/F/H/V. 

















The Department of Neurology, 
Section of Epilepsy & 
Sleep Disorders at the 
CLEVELAND CLINIC 

FOUNDATION 

is recruiting a 
Neurologist/ 
Clinical 
Neurophysiologist 

with a special interest in evoked 
potentials. The individual would be 
expected to head the department's 
efforts in the fields of clinical evoked 
potentials, evoked potential moni- 
toring in the operating room and 
neurointensive care units. The 


Cleveland Clinic Foundation is an 
equal opportunity employer. 


Please send letter and current CV to: 
Harold H. Morris, lil, MD 


Head, Section of Epilepsy & 
Sleep Disorders 


CLEVELAND CLINIC 


FOUNDATION 
One Clinic Center - Mail Code M52 
9500 Euclid Avenue 
Cleveland, OH 44195 
(216) 444-6236 


NEUROSURGEON 





è Sunny south location 


Ready made, full range 
neurosurgery practice 


® Affiliation with prestigious, 
multi-speciaity clinic 


è State-of-the-art 
458-bed hospital 


è Academic affiliations 


e Outstanding guarantee and 
income potential 


æ Very close to Gulf Coast and 
several major metro areas 
offering symphony, theatre, 
pro sports 


e Year-round activities include 
fishing, hunting, skiing, sailing 


For further information call: 
Janet Botton at (800) 776-5776 


Or send CV to: 
1034 South Brentwood 
Suite 1850 
St. Louis, MO 63117 












PAIN FELLOWSHIP. The Pain Service in the Depart- 
ment of Neurology at Memorial Sloan-Kettering 
Cancer Center is seeking a board-eligible/board- 
certified neurologist for a pain fellowship. This is a 
one- or two-year position that offers comprehensive 
training in pain evaluation and treatment, with a 
strong emphasis on cancer pain. Fellows will partic- 
ipate in clinical investigations of neuro-oncologic 
pain syndromes and the pharmacology of opioid 
analgesics. Laboratory research opportunities 
directed at the mechanisms of opiate action and the 
molecular pharmacology of opiate receptors are 
also available. Please contact: K.M. Foley, Depart- 
ment of Neurology, Memorial Sloan-Kettering 
Cancer Center, 1275 York Avenue, New York, NY 
10021. 


FELLOWSHIP in Cerebrovascular Disease: Fellow- 
ships in cerebrovascular disease are available in the 
Department of Neurology at the University of towa. 
Comprehensive clinical training in management of 
patients with stroke is complemented by opportuni- 
ties for clinical or basic research. Fellows are active 
participants in patient care and collaborate in sev- 
eral on-going local and multi-center clinical research 
studies. Candidates should be board-eligible or 
-certified in neurology and be licensed to practice 
medicine in the United States. Please send inquiries 
to either Harold P. Adams, Jr., MD, or Jose Biller, 
MD, Division of Cerebrovascular Diseases, Depart- 
ment of Neurology, University of lowa, lowa City, IA 
52242. Or cali: (319) 356-4110. The University of 
lowa is an affirmative action/equal opportunity 
employer. Women, minorities and handicapped are 
encouraged to apply. 


Neuro-Ophthalmology 
Fellowship 


The Departments of Ophthalmology and Neu- 
rology, University of Michigan. Position for 
one year period, July 7, 1992 to July 6, 1993. 
Trainee appointed as a lecturer with stipend 
and fringe benefits. Inquiries (before June 1, 
1991) to: Jonathan D. Trobe, MD. 
W K Kellogg Eye Center 

1000 Wall Street, Ann Arbor, MI 48105 

The University of Michigan 
is an affirmative action employer. 















GERIATRIC NEUROLOGY FELLOWSHIP. A two- 
year fellowship is available in geriatric neurology, 
beginning July 1, 1991. This VA-supported fellow- 
ship provides multi-disciplinary training in geriatric 
neurology with formal rotations on the 17-bed Geri- 
atric Evaluation and Management Service at the 
Portland VA Medical Center. Fellows will also par- 
ticipate in clinical and research activities of the Alz- 
heimer’s Disease Center of Oregon and the Oregon 
Brain Aging Study at both the VA Medical Center 
and Oregon Health Sciences University. Emphasis 
will be placed on the design and implementation of 
independent research protocols. A broad range of 
research opportunities are available and include 
such topics a quantitative image analysis, the neu- 
ropharmacology of movement disorders, cerebro- 
vascular disease in the elderly, and the neurology, 
neuropsychology and neuropathology of the very 
old. Applicants must be board-eligible or -certified 
in neurology. To apply, send CV and two letters of 
recommendation to: Jeffrey Kaye, MD, Director, 
Geriatric Neurology, Portland VA Medical Center, 
3710 SW U.S. Veterans Hospital Road, P.O. Box 
1034, Portland. OR 97207. Telephone: (503) 273- 
5171 or (503) 494-7772. The Department of Veterans 
Affairs and the Oregon Health Sciences University 
are equal opportunity employers. 





THE DEPARTMENT OF NEUROLOGY, University 
of Louisville has an opening for Clinical Neurophy- 
siology Fellowship for 1991-92. Candidate will have 
the options to combine EEG with EMG or evoked 
potentiais or clinical polysomnography. interested 
applicants should forward their curriculum vitae to: 
Vasudeva lyer, MD, Department of Neurology, Uni- 
versity of Louisville, Louisville, KY 40292. (502) 
588-7981. 





PLEASE NOTE —Address replies to box number 
ads as follows: Box number, ___, c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 












Neuro-oncology 
Fellowships/ 
Instructorships 


July 1991 and 1992 


The U.C., San Francisco Neuro-oncology 
Service offers unprecedented opportu- 
nities to participate in chemotherapy 
and radiation therapy trials of children 
and adults with brain tumors. 


Practice is primarily outpatient: some 
2,000 patient visits per year are seen. 
An optional second year of laboratory 
research is available. 


Applicants for this position must pos- 
sess a California medical license and be 
board-eligible or board-certified in 
neurology, neurosurgery, or medical 
oncology. There are two positions 
offered each year. 


Michael Prados, MD 
Department of Neurological Surgery 
Neuro-oncology Service. ACC841 


UNIVERSITY OF CALIFORNIA 
SAN FRANCISCO 


San Francisco, CA 94143-0372 
The University of California is an equal 
opportunity /affirmative action employ- 
er. Women and minorities are encour- 
aged to apply. 


POSTDOCTORAL 
FELLOWSHIP IN 
NEUROBEHAVIOURAL 
RESEARCH 


The Rotman Research Institute of Baycrest 
Centre for Geriatric Care in Toronto is offering 
a two-year Postdoctoral Fellowship, starting in 
the summer of 1991. 


The Rotman Research institute is dedicated to 
research into neurobenavioural changes which 
occur during aging, with a specific focus on 
memory and frontal lobe functions. Baycrest 
Centre for Geriatric Care is fully affiliated 
with the University of Toronto and provides a 
comprehensive range of inpatient and out- 
patient services to the elderly in behavioural 
neurology, geriatric medicine, psychiatry, psy- 
chology, speech pathology, and other thera- 
peutic services. 
A minimum of eighty percent of the positions 
will be devoted to research and related activi- 
ties. The stipend is equivalent to the fellowship 
scales of the Medical Research Council of Can- 
ada, and includes an allowance for travel and 
other research expenses. The position is open 
to applicants with a PhD, MD, or equivalent 
degree. In accordance with Employment & 
Immigration Canada regulations, preference 
will be given to Canadian citizens and perman- 
ent residents of Canada. 
Applicants should send a complete CV and 
arrange to have three letters of reference sent 
separately, by February 1, 1991, to: 

DR. DONALD T. STUSS 

DIRECTOR OF RESEARCH 

ROTMAN RESEARCH INSTITUTE 

BAYCREST CENTRE 

FOR GERIATRIC CARE 

3560 BATHURST STREET 

TORONTO, ONTARIO, M6A 2E1, CANADA 

{416) 785-2522 























NEUROLOGICAL REHABILITATION Fellowship: 
The Department of Neurology of the University of 
California at Los Angeles offers an ongoing one- 
and two-year fellowship for BE/BC neurologists in 
neurorehabilitation starting every July. Acute inpa- 
tient and outpatient training within the U.C.L.A. 
Comprehensive Rehabilitation Program also pro- 
vides opportunities in basic and clinical research in 





| mechanisms of cognitive and motor recovery. The 


Functional Assessment Lab offers biochemical 
Studies of gait, balance and strength. The inpatient 
rehab unit at Daniel Freeman Memorial Hospital 
provides additional training. Send inquiries, CV.and 
letters of recommendation to: Bruce H. Dobkin, 
MD, Professor of Neurology, UCLA School of Med- 
icine, 300 UCLA Medical Plaza, Suite B200, Los 
Angeles, CA 90024-6975. 





Faculty Positions 


THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Louisville, School of Medicine is seeking a 
faculty member for a full-time academic appoint- 
ment: Applicant must be board-eligible in neurology 
and neurodiagnostics, preferably with a completed 
fellowship in neurophysiology and electrodiagnos- 
tic medicine. Must be committed to education both 
at the undergraduate and graduate levels. Contact: 
William H. Olson, MD, Chairman, Department of 
Neurology, University of Louisville, Louisville, KY 


THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Missouri-Columbia School of Medicine is 
recruiting two pediatric neurologists. These faculty 
members will be responsible for teaching, patient 
care, and service with academic rank and compen- 
sation based upon training and experience. Candi- 
dates should have a strong clinical interest in pediat- 
ric neurology. Interested candidates should be 
board-certified or eligible for board-certification by 
the American Board of Psychiatry and Neurology. 
Please contact: William J. Crowley, Jr., MD, Profes- 
sor and Chairman, UMC School of Medicine, 
Department of Neurology, M741 Health Sciences 
Center, Columbia, MO 65212. The University of 
Missouri-Columbia is an equal opportunity and 
affirmative action institution. 
THE UNIVERSITY OF MISSISIPPI Medical Center 
Department of Neurology invites applications for 
position of assistant professor from board-certified 
individuals with strong research, clinical and teach- 
ing skills. Persons with expertise in neuro-oncology, 
vascular disease and epilepsy are especially being 
sought. Please submit a letter of intent, curriculum 
vitae, and the names of three referring physicians to: 
Dr. James J. Corbett, Chairman, Department of 
Neurology, The University of Mississippi Medica! 
Center, Jackson, MS 39216-4505. The University of 
Mississippi is an equal Opportunity employer, 
M/F/H/V. 





ACADEMIC NEUROLOGIST with board-eligibility 
in EMG sought by the Department of Neurology at 
The George Washington University Medical Center 
in Washington, DC. This non-tenure track, junior 
faculty position includes teaching responsibilities, 
patient care and the opportunity to develop a neuro- 
muscular/EMG program. A competitive salary and 
excellent fringe benefits are provided. The George 
Washington University is an equal opportunity em- 
ployer. Applications will be accepted until the posi- 
tion is filled. Please send inquiries and curriculum 
vitae to: Helene A. Emseliem, MD, Acting Chairman. 
Department of Neurology, 2150 Pennsylvania 
Avenue, NW, Suite 7-407, Washin: DC 20037. 


ACADEMIC NEUROLOGIST with board-eligibility 
in clinical neurophysiology is sought by The 
Department of Neurology of The George Washing- 
ton University Medical Center in Washington, DC. 
This tenure track position offers an opportunity to 
be involved in an active academic EEG/Sleep 

aboratory and includes teaching and patient care 
lien A competitive salary and excellent fringe 
benefits are provided. The George Washington Uni- 
versity is an equal opportunity employer. Applica- 
tions will be accepted until the position is filled. 
Please send inquiries and curriculum vitae to: Helene 
A. Emseilem, MD, Acting Chairman. Depart- 
ment of Neurology, 2150 Pennsylvania Avenue, NW. 
Suite 7-407, Washington, DC 20037. 











Faculty Positions 


FULL-TIME ACADEMIC POSITION in smali, but 
ambitious department of neurology in private medi- 
cal school in southeastern Virginia. Candidate 
should be BC/BE in neurology and have special 
expertise and additional training in clinical neuro- 
muscular disease and electrodiagnostic medicine 
suitable for certification by ABEM. Training in mus- 
cle biopsy/pathology is especially desirable. Con- 
tact’ Thomas R. Pellegrino, MD, Professor and 
Chairman, Department of Neurology, 825 Fairfax 
Avenue, Norfolk. VA 23507. (804) 446-5940. 

LOYOLA UNIVERSITY Chicago Stritch Schoo! of 
Medicine, Department of Neurology invites applica- 
tions for two positions at the assistant professor 
level. Applicants should be board-eligible or -certified 
in neurology and have subspecialty expertise in 
either epilepsy, movement disorders, cerebrovascu- 
lar or neuromuscular diseases. Preference will be 
given to candidates with clinical research interests. 
Send CV to: Gastone Celesia, MD, Chairman, Neu- 
rology Department, Loyola University Chicago, 2160 
South First Avenue, Chicago, IL 60153. Loyola Uni- 
versity Chicago is an equal opportunity/affirmative 








smali but ambitious department of neurology in pri- 
vate medical school in southeastern Virginia; should 
be BC/BE clinical neurologist with special expertise 
and fellowship training in clinical neurophysiology 
suitable for certification by ABCN. Interest and 
expertise in clinical research highly desirable. Avail- 
able facilities include intraoperative EEG/EP, ambu- 
latory cassette EEG, video EEG, EEG/EP mapping. 
Contact: Thomas R. Pellegrino, Professor and Chair- 
man, Department of Neurology, Eastern Virginia 
Medical School, 825 Fairfax Avenue, Norfolk, VA 
23507. (804) 446-5940. 





Residencies 


THE UNIVERSITY OF CHICAGO Neurology 
Department is offering a second year neurology 
residency position (PGY 3) beginning July 1991. For 
information contact: Richard P., Kraig, PhD, MD, 
Residency Director, Department of Neurology, Uni- 
versity of Chicago Medical Center, 5841 South 
Maryland, BH - Box 425, Chicago. IL 60637. (312) 
702-0151. 





Practices Available 


JULY 1991— PRACTICE. Outstanding opportunity 
$200K net probable by end of first year. Fully 
equipped neurologic institute. Only the best need 
apply. Send CV at once: Southeastern Neuro- 
science Institute, Inc., 5143 University Boulevard. 
West, Suite 3, Jacksonville, FL 32216-5939. (904) 
733-0707; FAX (904) 730-9173, 





_ Practices Available 
NEUROLOGY PRACTICES for sale—Two estab- 
lished neurology practices for sale in Los Angeles 
County. A highly profitable, general neurology prac- 
tice established over ten years, located on the cam- 
pus of a major medical center in Burbank, Califor- 
nia, and a busy pediatric neurology practice in 
Hollywood, California affiliated with major teaching 
and community hospitals. Call: Alex Guttman, Prin- 
cipal, Arthur S. Shorr and Associates, Inc., Consul- 
lants to Health Care Providers: (818) 348-6632. 








-Positions Available 


ADULT NEUROLOGIST, BC/BE to join a well 
established, growing, solo practice with outside 
neurological coverage in the Akron, Ohio area. 
Teaching, laboratory and clinical practice activities. 
The very latest of facilities available at teaching hos- 
pitais. Partnership anticipated. Salary and benefits 
competitive. A good sense of humor required. This 
is a wonderful opportunity for the right person. 
Please send CV to: Box #811, c/o AON. 


1985 NIHON KOHDEN Neuropack 8 Evoked Poten- 
tial Machine-VEP, BAEP, SSEP: with color monitor 
and plotter. Excellent condition: $15,000. (703) 
885-6000. 


Medical Services 


MRI/CT INTERPRETATIONS by board-certified 
radiologists via teleradiology or overnight mail. 
Teleradiology Associates, P.A., One University 
Place, Suite 350, Durham, NC 27707. (919) 419-1000. 








Computers / Software 


PRACTICE MANAGEMENT, insurance billing, 
medical records, and electronic claims systems. 
American Medical Software (800) 423-8836. 


Miscellaneous 


SECOND DARTMOUTH International Conference 
on Epilepsy and The Corpus Callosum, Hanover, 
New Hampshire, August 13-17, 1991. Contact: Pro- 
fessor Alexander G. Reeves, Section of Neurology, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 
03756. FAX: (603) 646-8756. Telephone: (603) 
646-7916 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, _.____., c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 








REACH 
16,931 NEUROLOGISTS 


800-237-9851 





ou 


If you are 
searching for a qualified specialist... 


We Target 
The Physician You Want! 


The March issue of the 
Archives of Neurology closes Friday, January 25th. 


Call us today 
to reserve your space. 


813-443-7666 











— 
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Neurology Boards Review Course 


January 6-11 — Los Angeles 
April 11-13 — New Orleans 


March 17-22 — Houston 
October 24-26 — Philadelphia 


Now, your course for written and oral boards offers unlimited mock exams 


OBJECTIVES: 

è Increase basicscience knowledge and clinical skills in neurology 
è Assist neurology residents to study efficiently 

© Prepare board candidates to take board examinations 

© Provide practicing neurologists with a review and update 





METHODS: 

è HOME STUDY MATERIALS with questions and answers 
based on previous examinations 

è SEMINAR with projection slides and syllabus 

è PRACTICE EXAMS with oral and written parts 


Part I Courses: 
January 6-11 — Los Angeles 
March 17-21,°92 ~ Houston 


Basic Sciences 
Neuroanatomy 
Neuropathology 
Neurochemistry 
Neurophysiology 
Neuropharmacology 
Neuroimmunology 
Neurogenetics 

Clinical Sciences 
Neuroimaging 
Neuro-otology 
Neuro-ophthalmology 
Neuroendocrinology 
Psychiatry 

Alcohol & Substance Abuse 
Neuropharmacology 

_ Sensation and Behavior 
Headache and Pain 

Higher Cortical Function 
Movement Disorders 
Seizures and Epilepsy 
Delirium and Confusion 
Stupor and Coma 
Dementia and Alzheimer’s 
Neurologic Diseases 
Infectious Diseases 

Stroke & C.S.F. Disorders 
Tumors and Trauma 
Spinal Cord and Disc 
Demyelinative Diseases 
Multiple Sclerosis 
Metabolic & Toxic Diseases 
Parkinson’s Dieases 
Developmental Disorders 


Neuromuscular & Child 
Neuropathies 

Myopathies 
Neuromuscular Junction 
Neonatal Neurology 
Pediatric Neurology 


Optional Day 

January 12 —Los Angeles 
March 16 — Houston 

Skull Base Surgery 
Cerebropontine Angle 
Craniovascular Surgery 
Pituitary Surgery 

Spinal Surgery 
Neuroanesthesiology 
Surgical Critical Care 
Robert Baloh, M.D. 

Univ. of Calif., Los Angeles 
Louis Bozzetti, M.D. 

Loma Linda University 
Christ 
Univ. of Southern California 
Steve Feldon, M.D. 

Univ. of Southern California 
Michael Graves, M.D. 

Univ. of Calif., Los Angeles 
Scott Halderman, M.D. 
Univ. of California, Irvine 
Victor Henderson, M.D. 
Univ. of Southern California 
Merrill Mitler, Ph.D. 
Univ. of Calif., San Diego 
Linda Nelson, M.D. 

Univ. of California, Irvine 
Warwick Peacock, M.D. 
Univ. of Calif., Los Angeles 
Irwin Savondnik, M.D. 
Univ. of Calif., Los Angeles 
Arnold Scheibel, M.D. 


her DeGiorgio, M.D. 




















Gary Steinberg, M.D., Ph.D. | “Accommodations were comfortable...” * 
Stanford University 

Richard Tindall, M.D. COURSE AND LOCATION: 

Univ. of Souther California | The Part I Course consists of lectures and 
Ron Tintner, M.D. evening mock oral exams to help you prepare 


Univ. of Texas Southwestern 


W. Tourtellotte, M.D., Ph.D. 
Univ. of Calif., Los Angeles 


for your written and oral exams. The Part H 
Course is all mock oral exams for three days 
before and in the same city as each oral 


Charles Truwit, M.D. , ; 
Univ. of Calif., San Fransisco | exam. Home study materials will be sent 
Stanley vanden Noort, M.D. | before the course. Past participants 


Univ. of California, Irvine 
M. Anthony Verity, M.D. 
Univ. of Calif., Los Angeles 


Vladmir Zelman, M.D., Ph.D. 
Univ. of Southern California 


recommend taking the course well before 
written and oral exams and repeating for half 
price immediately before your exam, The 
course hotel will be the best available 
combination of bargain rates and excellent, 
Part II Courses: study environment. 
April 11-13 — New Orleans 
October 24-26 — Philadelphia 
The Part II Course is de- 
signed to prepare board can- 
didates for their oral exam. 
January and March cours- 
es are for both written and 
oral exams — with lectures 
and mock oral daily. 


“and those little extras..." * 


LOWEST AIR FARES: 
For our special group discount fares, please 
call Reliable Travel toll-free 1-800-548-8185. 


“the most education for the money.” * 


FEES AND COURSE HOURS: 
© Physicians or Residents Phy. Res. Hrs. 


The three d se will be | ® Part! Course (6 days): $750 $500 60 

i EA DARA oh pis repeating within 2 yrs.: $375 $375 60 
A danois. ireatment | © Optional Day $150 $100 8 
a ang complications. | © Partl Course G3 days) $540 $360 28 
il snd each p facul ‘| repeating within 2 yrs.: $270 $270 28 
ollowing each exam faculty | è Extra mock oral exams: $ 70 $70 1/% 


will give a critique. 
Each participant will have an 
exam and critique session and 
observation of other sessions. 
Additional 25 minute ses- 
sions may be arranged for 
$70 and private sessions may 


è Private mock oral exams: $100 $100 1⁄2 
Add 10% within 10 days of the course. 
Attendees not in course hotel add $20/day. 
A deposit of $50 will reserve your position. 
Home study materials will be mailed after 
half of the registration fee is received. 


“ home study material was extremely helpful...” * 














Terre Haute, IN 47802 


Sleep Disorders Univ. of Calif., Los Angeles be had for an extra $30. 
Fe, ey eee ata ae eee ant) = D OT REFUNDS: : 
|} Limited Enrollment: NEUROLOGY REVIEW REGISTRATION | © Subject to a $50 fee, refunds will be made 
| Name | up until the seminar begins. 
| | Cancellation after mailing home study 
| Address , material requires retention of half of the fee. 
l City/State/Zip | “I feel [the course] helped me pass...” * 
lg 

For:(_] January 6-11 — Los Angeles INFORMATION: 
P AEDO ! Joseph H. Selliken, Jr., M.D 
l [C] March 17-22, 1991 — Houston l A P Ee cw 
i Mail Today to: C] April 11-13, 1991 _ New Orleans | 1094 Dawn Lane, PO, Box 2218 

1094 Dawn Lane, Dept. 101 [C] October 24-26, 1991 — Philadelphia Terre Haute, IN 47802 
l PO, Box 2218 | 
sae (_] Check enclosed for | (800) 356-7537 or (812) 299-5658 


[C] Please send free sample. 


Po on el ee ee ee ee a _| *Comments by past Osler participants. 





; ‘Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the contro! of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 

«Dosage and Administration and Clinical Pharmacology). 

~ CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
-to phenytoin or other hydantoins. 

- WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
< epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
‘therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

Inall cases of lymphadenopathy, follow-up observation for an extended period is indicated and 

-every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In-view ofisolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
“Quide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
orcorrect this defect and has been recommended to be given to the mother before delivery and 
tothe neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
win impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) if the rash is 
of a milder type (meastes-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 

patients, 
S hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 
Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
ghenytoin's interference with Vitamin D metabolism. 
Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 
-Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 
_ Serum levels of phenytoin sustained above the optimal range may produce confusional states 


t 








Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 


referred to as “delirium, “psychosis” or “encephalopathy” or rarely irreversible cere 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms pi 
termination is recommended. (See Warnings.) 

information for Patients: Patients taking phenytoin should be advised of the importai 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any c 
condition in which it is not possible to take the drug orally as prescribed, eg, surgery, et 

Patients should also be cautioned on the use of other drugs or alcoholic beverages witho! 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimiz 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve of 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin lev 
which phenytoin may affect. Serum level determinations for phenytoin are especially h 
when possible drug interactions are suspected. The most commonly occurring drug intera 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute al 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disult 
estrogens, Ho-antagonists, halothane, isoniazid, methylphenidate, phenothiaz 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol a 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calciur 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and ar 
preparations containing calcium should be staggered in patients with low serum phenytoin 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenoba 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, va 
acid, and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizu 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by pher 
include: corticosteroids, coumarin anticoagu! 
digitoxin, doxycycline, estrogens, furosemide, 
contraceptives, quinidine, rifampin, theophy 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin 
cause decreased serum levels of protein-bound ir 
(PBI). It may also produce lower than normal valu: 
dexamethasone or metyrapone tests. Phenytoir 
Cause increased serum levels of glucose, alkaline { 
phatase, and gamma glutamyl transpeptidase (( 
Carcinogenesis: See “Warnings” section for info 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: infant breast-feeding is not recommended for women taking this drug bec 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encoun 
with phenytoin therapy are referable to this system and are usually dose-related. These int 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizzir 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. 7 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tr 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has beén observed in patients rece 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver dama 
Integumentary System: Dermatological manifestations sometimes accompanied by fever 
included scarlatiniform or morbilliform rashes. A morbilliform rash (meastes-like) is the 1 
common; other types of dermatitis are seen more rarely. Other more serious forms which 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stev 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been rep 
in association with administration of phenytoin. These have included thrombocytopenia, le 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions us 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, p 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gin 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

immunologic: Hypersensitivity syndrome (which may include, but is not limited to, sympt 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), syste 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estim 
to be 2 to S grams. The initial symptoms are nystagmus, ataxia, and dysarthria, Other sign: 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may beci 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels w 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 meg/mL, ataxia a 
meg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 meg/mL. 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As r 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 
mecg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed 
appropriate supportive measures employed. Hemodialysis can be considered since pheny 
is not completely bound to plasma proteins. Total exchange transfusion has been used in 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohot, shoul 
borne in mind. 


Caution — Federal law prohibits dispensing without prescription. 0362G 
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\s rare as a seizure on 
b Dantin erences phenytoin sodium capsules, USP) 100 mg ’ 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way! 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 pg/mL)? often with 
once-daily therapy (Dilantin® Kapseals*), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 


Dilantin will wait a long, long time to 
see another seizure. 


- Dilantin 
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e in a blue moon” describes the phenomenon in which 3. Shute CCD: The ‘blue moor phenomenon. Weather 1976: 
moon appears as a brilliant blue. Seen worldwide following 31292296 
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y when atmospheric cloud droplets, each less than 5 ym in Please see adjacent page for brief summary 
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Results of Surgery for Extratemporal Partial Epilepsy 


That Began in Childhood 
J. Adler, G. Erba, K. R. Winston, K. Welch, C. T. Lombroso 





P300 Brain Activity in Seizure Patients 


Preceding Temporal Lobectomy 
C. A. Nelson, P. F. Collins, F. Torres 








Cognition-Independent Neurologic Symptoms in Normal Aging 


and Probable Alzheimer’s Disease 
E. H. Franssen, B. Reisberg, A. Kluger, E. Sinaiko, C. Boja 








Age at Onset of Alzheimer’s Disease: 


Relation to Language Dysfunction 
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Anatomic, Metabolic, Neuropsychological, and Molecular 
Genetic Studies of Three Pairs of Identical Twins 


Discordant for Dementia of the Alzheimer’s Type 
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_ A. M. Moore, J. S. Luxenberg, P. H. St George-Hyslop, 
C. D. Robinette, M. J. Ball, S. 1. accueil 








‘Volume 48, Number 2 


American Medical Association 
_ Physicians dedicated to the health of America 





one asat ins eeKiroke enn ees rocco eens ns oS 


Sinemet”...for many patients with Parkinsot 
the foundation of therapy for 15 years. 


MANO RO A 


x 
Levodopa levels in the brain 2! 


The management of levodopa therapy in Parkinson's 
disease can be complex. It calls for a delicate balance _ 
between the relief of symptoms by the replacement of 
dopamine in the brain and the occurrence of side effects. - 

Dopamine replacement is the mainstay of therapy 
in Parkinson's disease. Only Sinemet” re-establishes 

Balancing Dopamine Replacement and dopamine levels in the brain. 


Patient Response Managing the symptoms of : 
Parkinson's disease can be an ongoing balancing act. But, too much or too little dopamine can afiedt the 


particularly as the disease progresses and the therapeutic 


window changes. By adjusting Sinemet* dosage strength patient’ S quality of life. So dosage | must be monitored n 
and frequency according to patient needs, physicians can adjusted as the disease progresses, because the thera e 


achieve the delicate balance needed between dopamine 


replacement and therapeutic response. window narrows over time. 











Sinemet” provides you the flexibility needed to adjust 
dosage based on the individual patient's therapeutic 
window...by changing dosing frequency ...dosage strength... 
-or by changing the ratio between carbidopa and levodopa. 
Nothing else helps you maintain the delicate balance 
‘needed to manage the signs and symptoms of Parkinson's 
_ disease like Sinemet”. 


“Because carbidopa permits more levodopa to reach the brain and, thus, more 
dopamine to be formed. dyskinesias may occur at lower doses and sooner 
with Sinemet*than with levodopa. The occurrence of dyskinesias may require 
dosage reduction. Please see a brief summary of prescribing information on the $ 
joining page. Pharmaceuticals 


©1990 Du Pont Pharmaceuticals. Inc. 
Sinemet*is a registered trademark of Merck & Co., inc. 





~ Parkinson’ S disease 


















Dosage Guidelines 
aidai PA at least 8 hours before therapy with SINEMET Is started. 
Individualized dosage—a key to clinical In order to reduce adverse reactions, it is necessary to 
success with Sinemet individualize . See the WARNINGS (below) and 
° Begin when symptoms first interfere DOSAGE AND ADMINISTRATION sections in the 
normal function 





Prescribing Information before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET should 
not be given concomitantly. MAO inhibitors must be discon- 
tinued at least 2 weeks prior to initiating therapy with 
SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, 
itshould not be used in patients with suspicious, undiagnosed 
skin lesions or history of melanoma. 


* Adjust as necessary to help maintain 
relief of symptoms 














































For initial therapy... Start with: 
SINEMET 25-100 









containing 25 mg carbidopa Warnings: Levodopa must be discontinued at least 8 hours 
(anhydrous equivalent) and before SINEMET is started. SINEMET should be substituted 
100 m g levodopa ata dosage that will provide approximately 25 percentofthe 
previous levodopa dosage (See DOSAGE AND AD- 

one tablet t.i.d. MINISTRATION section of Prescribing Information.) Patients 


taking SINEMET should be instructed not to take additional 
levodopa unless prescribed. 

As with levodopa. SINEMET may cause involuntary 
movements and mental disturbances. These reactions may 
be due to increased brain dopamine following administration 
of levodopa. All patients should be observed carefully for 
development of depression with concomitant suicidal 
tendencies. Treat with caution patients with past or current 


If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 

tablets of Sinemet 2 5- ‘100 a day is reached. 

















When it is evident that patients need more psychoses. Because carbidapa permits more levodopa to reach the brain 
levodopa Transfer to: and. thus, more dopamine to be formed. dyskinesias may occur at lower 
a * dosages and sooner with SINEMET than with levodopa. Occurrence 
SINEMET 2 5-2 50 of dyskinesias may require dosage reduction. 

Sie $ SINEMET should be administered cautiously to patients 
containing 25 mg carbidopa with severe cardiovascular or pulmonary disease. bronchial 

(anhydrous equivalent) and asthma, renal, hepatic or endocrine disease. 
250 mg levodopa Exercise care in administering SINEMET, as with 
levodopa. to patients with history of myocardial infarction 
one tablet t. i d. who have residual atrial, nodal, or ventricular arrhythmias. 


In such patients, cardiac function should be monitored with 
particular care during period of initial dosage adjustment. in 
a facility with provisions for intensive cardiac care. 

As with levodopa, there is possibility of upper GI hemor- 
rhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic malig- 
nant syndrome including muscular rigidity, elevated body 
temperature, mentai changes. and increased serum creatine 
phosphokinase has been reported when antiparkinsonian 
agents were withdrawn abruptly. Therefore, patientsshould 
be observed carefully when the dosage of SINEMET is reduc- 
ed abruptly or discontinued, especially if the patient is receiv- 





If still more levodopa is necessary, dosage 
with Sinemet 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets 


a day. 


When individualizing dosage... Titrate with: 
SINEMET 10-100 
















containing 10 mg carbidopa ing neuroleptics, 
(anhydrous equivalent) and Usage in Pregnancy and Lactation: Although effects of 
100 mg levodopa SINEMET on human pregnancy and lactation are unknown. 


both levodopa and combinations of carbidopa and levodopa 
have caused visceral and skeletal malformations in rabbits. 
Use of SINEMET in women of childbearing potential requires 
that anticipated benefits of the drug be weighed against 
possible hazards to mother and child, SINEMET should not 
be given to nursing mothers. 

Usage in Children: Safety of SINEMET in patients under 18 
has not been established. 

Precautions: As with levodopa, periodic evaluations of 
hepatic. hematopoietic, cardiovascular, and renal function are 
recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored careful- 
ly for changes in intraocular pressure during therapy. 

Laboratory Tests: Abnormalities in laboratory tests may in- 
clude elevations of liver function tests such as alkaline 
phosphatase, SGOT {AST}, SGPT (ALT), lactic dehydrogenase, 
and bilirubin. Abnormalities in protein-bound iodine. blood 
urea nitrogen. and positive Coombs test have also been 
reported. Commonly, levels of blood urea nitrogen, 
creatinine. and uric acid are lower during administration of 
SINEMET than with levodopa. 

SINEMET may cause a false-positive reaction for urinary 
ketone bodies when a test tape is used for determination of 
ketonuria. This reaction will not be altered by boiling the 


Sinemet’ 
(Carbidopa-Levodopa) 


ONE OF A KIND 


or SINEMET 25 5-100 
or SINEMET 25-250 


The optimum daily dosage of Sinemet 
must be determined by careful titration in 
each patient. Tablets of the three strengths 
may be given separately or combined as 
needed to provide the optimum daily 
dosage. 


For patients transferred 
from levodopa 
DISCONTINUE LEVODOPA AT LEAST 
8 HOURS BEFORE STARTING SINEMET. 

The starting dose for Sinemet should 
provide about 25 percent of previous 
levodopa requirements. (Patients receiv- 
ing less than 1500 mg of levodopa a day 
should be started on one tablet of 
Sinemet 25-100 tid. or qid.) 



























is started, dosage adjustment of the antihyperte 
may be required: For patients receiving monoamine o 
inhibitors, see CONTRAINDICATIONS (above). 

There have been rare reports of adverse reactions 
cluding hypertension and dyskinesia, resulting from the. 
comitant use of tricyclic antidepressants and SINEME’ 
Phenothiazines and butyrophenones may redu 
therapeutic effects of levodopa. in addition. the benefici 
fects of levodopa in Parkinson's disease have been 
to be reversed by phenytoin and papaverine: Pati 
these drugs with SINEMET should be carefully obse ë 
loss of therapeutic response. 

Adverse Reactions: Most common serious adverse re 
tions occurring with SINEMET are chorėiform; dystonic, and 





















tions are mental changes including paranoid ideation an 
psychotic episodes, depression with or without development 
of suicidal tendencies and dementia. Convulsionsalsoh 
occurred: however, a causal relationship with SINEMET ha: 
not been established. : 

Acommon but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregul, 
and/or palpitation, orthostatic hypotensive ‘episodes, 
bradykinetic episodes (the “on-off” phenomenon), 
ia, vomiting, and dizziness. 

Rarely, Gi bleeding, development of duodenal ul 
hypertension, phlebitis, hemolytic and non-hemo 

anemia, thrombocytopenia. leukopenia, and agranulocyt 
have occurred. = 

Laboratory tests which have been reported to be al 
mal are alkaline phosphatase, SGOT (AST), SGPT (J 
tic dehydrogenase, bilirubin, blood urea nitrogen pi 
bound iodine. and Coombs test. 

Other adverse reactions that have been reported wit 
levodopa are: Nervous System: ataxia, numbness. increas 























































blepharospasm (which may be taken as an early sign 

cess dosage. consideration of dosage reduction may 

made at this time), trismus, activation of latent Horn 

drome. Psychiatric: confusion, sleepiness, insomn 

nightmares, hallucinations, delusions. agitation, 

euphoria. Gastrointestinal: dry mouth, bitter taste, sial 

dysphagia. bruxism, hiccups, abdominal pain and distress, 

constipation, diarrhea. flatulence. burning sensation’ of 

tongue. Metabolic: weight gain or loss, edema. Integumentary: 

malignant melanoma (see also CONTRAINDICATIO! 

flushing, increased sweating, dark sweat, skin rash; lossofh 

Genitourinary: urinary retention, urinary incontinen 

urine. priapism. Special Senses: diplopia, blurred visi 

pupils, oculogyric crises, Miscellaneous: weakness, faint 

fatigue, headache, hoarseness, malaise, hot flash 

stimulation, bizarre breathing patterns, neuroleptic 

syndrome. 

Overdosage: Management of acute overdosage 

SINEMET is basically the same as management of. 

dosage with levodopa: however, pyridoxine is not 

in reversing the actions of SINEMET, ee 

How Supplied: Tablets SINEMET 10-100, SINEMET? 

and SINEMET 25-250are supplied in bottlesof 10 

dose packages of 100. : 
Storage: Tablets SINEMET 10-100 and Tablets. SINEME 

25-250 must be protected from light. 
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HEADACHE 





“Headache”—a personal 
interpretation of headache 
pain by John Crowley, a 
headache patient. 
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"(Codeine phosphate USP, 30 mg [warning: may be habit forming}, butalbital USP, 50 mg [warning: may be habit 
Etat Caffeine USP. 40 mg; aspirin USP, 325 mg) 


CAUTION: Federal law prohibits dispensing without prescription 


~ CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions: 
1. Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine 
2. Patients with a hemorrhagic diathesis (e.g, hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenia, thrombasthenia and other ill-defined hereditary platelet dysfunctions, severe vitamin K deficiency 
~ and severe liver damage.) 
3. Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspirin or other nonsteroidal 
__anti-inflammatory drugs. Anaphylactoid reactions have occurred in such patients 
4, Peptic ulcer or other serious gastrointestinal lesions. 
- § Patients with porphyria 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. It 
= should be ascertained if the patient is allergic to aspirin, although a specific history of allergy may be lacking 
à Significant mts can result from aspirin therapy in patients with peptic ulcer or other gastrointestinal lesions, 
and in patients with bleeding disorders. 

Aspirin administered pre-operatively may prolong the bleeding time. 
-in the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as their capacity for elevating cerebrospinal fluid pressure 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course of patients with head injuries. 

Codeine or other narcotics may obscure signs on which to judge the diagnosis of clinical course of patients 
with acute abdominal conditions. 
-Butalbital and codeine are both habit-forming and potentially abusable. Consequently, the extended use of Fiorinal® 
with Codeine is not recommended 

Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to children, including teenagers, with chicken pox or flu 


PRECAUTIONS: General: Fiorinal® with Codeine should be prescribed with caution for certain special-risk patients 
such as the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders, 
or head injuries 
Ababa should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 

Is. 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 

aspirin is particularly likely in patients with nasal polyps, and relatively common in those with asthma. 

Information for Patients: Patients should be informed that Fiorinal® with Codeine contains aspirin and should 

not be taken by patients with an aspirin allergy 

ae Fiorinal® with Codeine may impair the mental and/or physical abilities required for performance ol potentially 

Ya aor tasks such as driving a car or operating machinery Such tasks should be avoided while taking Fiorinal 

Er w ine 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 

Codeine, and should be avoided 

Codeine and butalbital may be habit-lorming. Patients should take the drug only for as long as it is prescribed, 
in the amounts prescribed, and no more frequently than prescribed 

Laboratory Tests: In patients with severe hepatic or renal disease, effects of therapy should be monitored with 

serial liver and/or renal function tests. 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase (MAO) inhibitors 

is In patients receiving concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 

result in salicylism because corticosteroids enhance renal clearance of salicylates and their withdrawal is followed 

___ by return to normal rates of renal clearance 
Fiorinal® with Codeine may enhance the effects of 

1. Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 
from plasma orotein binding sites. 

2. Oral antidiabetic agents and insulin, causing hypogtyearii by contributing an additive effect, it dosage of Fiorinal® 
with Codeine exceeds maximum recommended daily dosage 

3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from secondary binding sites, and, in the case of methotrexate, also reducing its excretion. 

4 oe anti-inflammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 
effects. 

5, Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnotics, 

p or other CNS depressants, causing increased CNS depression. 

Fiornal® with Codeine may diminish the effects of: Uricosuric agents such as probenecid and sulfinpyrazone, 
reducing their effectiveness in the treatment of gout. Aspirin competes with these agents for protein binding sites. 
Drug/Laboratory Test Interactions 

Aspirin: Aspirin may interfere with the following laboratory determinations in blood: serum amylase, fasting blood 

glucose, cholesterol, protein, serum il oar transaminase (SGOT), uric acid, prothrombin time and bleedin 

time. Aspirin may interfere with the following laboratory determinations in urine: glucose, 5-hydroxyindoleacetic acid, 

Gerhardt ketone, vanillyimandelic acid [VMA], uric acid, diacetic acid, and spectrophotometric detection of barbiturates 

Codeine: Codeine may increase serum amylase levels, 

i Carcinogenesis, Mutagenesis, Impairment of Fertility: Adequate long-term studies have been conducted in mice 
and rats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was seen 
No adequate studies have been conducted in animals to determine whether aspirin has a potential for mutagenesis 

-or impairment of fertility No adequate studies have been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility 
Usage in Pregnancy 

eg Effects: Pregnancy Category C — Animal reproduction studies have not been conducted with Fiorinal® 
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with ine. It is also not Known whether Fiorinal® with Codeine can cause fetal harm when administered to 
À pregnant woman or can affect reproduction capacity Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed. 
~ Nonteratogenic Effects: Although Fiorinal® with Codeine was not implicated in the birth detect, a temale infant was 
_ born with lissencephaly, pachygyria and heterotopic gray matter The infant was born 8 weeks prematurely to a 
< woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days of 
pregnancy. The child's development was mildly delayed and from one year of age she had partial simple motor 
Seizures. 
Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a butalbital-containing 
drug ores last 2 months of pregnancy Butalbital was found in the infant's serum. The infant was given phenobarbital 
5mqg/kg, which was tapered without further seizure or other withdrawal symptoms. 
Studies of aspirin use in pregnant women have not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy. In controlled studies involving 41,337 Begone women and 
their offspring, there was no evidence that aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 
birth weight. In controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
„and way doses during the first four lunar months of pregnancy showed no teratogenic effect 
Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
i revealed no evidence of impaired fertility or harm to the fetus due to codeine. 
‘apeutic doses of aspirin in pregnant women close to term may cause bleeding in mother, fetus, or neonate 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery. 
Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
or neonate. Use of codeine during labor may lead to respiratory depression in the neonate. 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in small amounts, but 
the significance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother. 

| Pediatric Use: Safely and effectiveness in children below the age of 12 have not been established 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
-and/or abdominal pain, drowsiness, and dizziness 

_ Associated with Treatment Discontinuation: Of the 382 patients treated with Fiorinal® with Codeine in controlled 

clinical trials, three (0.8%) discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 

‘discontinued treatment for the following reasons: gastrointestinal upset; lightheadedness and heavy eyelids, 
d drowsiness and generalized tingling. 
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The prescriber should be aware that these figures cannot be used to predict the incidence of side 
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in the clinical trials, Similarly the cited frequencies cannot be compared with figures obtained from other 

investigations involving different treatments, uses, and investigators. ` 

Adverse Events Reported by at Least 1% of Forinal® with Codeine Treated Patients 
During Placebo Controlled Clinical Trials 














Incidence Rate of Adverse Events _ 

Body System/ Fiorinal®/Codeine 

Adverse Event (N = 382) 
Central Nervous 

Drowsiness 24% 

Dizziness/Lightheadedness 26% 

Intoxicated Feeling 10% 
Gastrointestinal 

Nausea/Abdominal Pain 37% 





Other Adverse Events Reported During Controlled Clinical Trials: The listing that follows represents the proportion 
of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. It is important to emphasize that, although the adverse events reported 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily caused 
by Fiorinal® with Codeine 

Adverse events are classified by body system and frequency. “Frequent” is defined as an adverse event which 
occurred in at least 1/100 (1%) of the patients; all adverse events listed in the previous table are frequent. “Infrequent” 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All 
events tabulated below are classified as infrequent. 

Central Nervous: headache, shaky feeling, tingling, agitation, fainting, fatigue, heavy eyelids, high energy, hot spells, 
numbness, and sluggishness. 

Autonomic Nervous: dry mouth and hyperhidrosis 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn. 

Cardiovascular: tachycardia 

Musculoskeletal: leg pain and muscle fatigue. ] 

Genitourinary: diuresis ' 

Miscellaneous: pruritus, tever, earache, nasal congestion, and tinnitus. 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received we 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with — y 
Codeine, are listed below. Many or most of these events may have no causal relationship with the drug and are w 
listed according to body system. p 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido > 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- | 
sciousness, vertigo. E 

Autonomic Nervous: epistaxis, flushing, miosis, salivation. oe 

Gastrointestinal: anorexia, appetite increased, constipation, ciarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer. 

Cardiovascular: chest pain, hypotensive reaction, palpitations, syncope. 

Skin: erythema, erythema multiforme, exfoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficulty 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
(stomach upset), edema © 

The following adverse drug events may be borne in mind as potential effects of the components of Fiorinal® 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert. 

Aspirin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, iausea, peptic 


ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 4 
periods, impaired urate excretion, hepatitis s 
Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia. 


Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus. 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Administration 
and is classified under Schedule Ill 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for 
being abused. Psychological dependence, physical dependence, and tolerance may upon repeated — 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications. A 

Butalbital: Barbiturates may be habit forming: Tolerance, psychological dependence, and physical dependence 
may occur especially following prolonged use of high doses of barbiturates. The average daily dose for the barbiturate 
addict is usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
level of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. As this 
occurs, the margin between an intoxication dosage and fatal becomes smaller The lethal dose of a barbiturate 
is far less if alcohol is also ingested. Major withdrawal symptoms (convulsions and delirium) may. occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and gradual 
withdrawal of the drug, Barbiturate-dependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing — 
the daily dosage as tolerated by the patient y 


OVERDOSAGE: The toxic effects of acute overdosage of Fiorinal® with Codeine capsules are attributable mainly 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occur 
in wy high dosages only, the possibility of significant caffeine toxicity from Fiorinal® with Codeine overdosage 
is unlikely. 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, confusion, and 
coma: respiratory depression, hypotension, shock. Symptoms attributable to acute aspirin poisoning include hyperpnea; 
acid-base disturbances with development of metabolic acidosis; vomiting and abdominal pain; tinnitus, hyperthermia; 
hypoprothrombinemia, restlessness, delirium; convulsions. Acute caffeine poisoning may cause insomnia, ri SS; 
tremor, and delirium; tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of: pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur. arr. | 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with = 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation witha = 
regional poison control center is strongly encouraged R 4 

freatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and y 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics d 
in the conscious patient. Gastric lavage may be used if the pharyngeal and geal reflexes are present and — A 

r 










if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric — 
lavage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkalinization of 

the urine, and correction of electrolyte disturbances should be accomplished through administration of intravenous ~ 
fluids such as 1% sodium bicarbonate and 5% dextrose in water. 5p 

Meticulous attention should be given to maintaining adequate pulmonary ventilation. Correction of hypotension 
may require the administration of levarterenol bitartrate or phenylephrine hydrochloride by intravenous infusion. In 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be lifesaving. 
Hypoprothrombinemia should be treated with vitamin K, intravenously. 

Methemoglobinemia over 30% should be treated with methylene blue by slow intravenous administration. — 

Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose. 
Typically, a dose of 0.4 mg to 2 mg pye parenterally and may be repeated if an adequate response is not 
achieved. Since the duration of action of codeine may exceed that of the antagonist, the patient piesa $ 
under continued surveillance and repeated doses of the a ist should be administered as needed to main $ 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant respiratory t 
or cardiovascular depression. ke 

Toxic and Lethal Doses: 4 

Butalbital: toxic dose 1.0 g (adult); lethal dose 2.0-5.0 g 

Aspirin: toxic blood level greater than 30 mg/100 mL; lethal dose 10-30 g (adult) 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g (adult) 
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From refill to refill... 
which carbamazepine 
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WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW. APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER. THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND AP- 
LASTIC ANEMIA. THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO 
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A 
BASELINE IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR 
OECREASED WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD 
BE MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 





Betore prescribing Tegretol, the physician should be thoroughly tamiliar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 

DESCRIPTION 

Tegretol, carbamazepine USP. is an anticonvulsant and specitic analgesic tor trigeminal 
neuralgia. available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration Its chemical name is SH-dibenz (b.flazepine-5-carboxamide and its 
structural formula is 


N 
l 
CONH: 


Carbamazepine USP is a white to off-white powder. practically insoluble in water and 
soluble in alcohol and in acetone Its molecular weight s 236 27 
Inactive Ingredients. Colloidal silicon dioxide FD&C Red No 3 (chewable tablets only), 
FD&C Red No 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin 
glycerin. magnesium stearate. sodium starch glycolate (chewable tablets only), starch 
stearic acid, and sucrose (chewable tablets only) 
CLINICAL PHARMACOLOGY 
In controlied clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures. as wel) as tngeminal neuralgia 

It nas demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures |t appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the intraorbital nerve in cats and rats 1t depresses thalamic potential and 
bulbar and polysynaptic reflexes, including the linguomandibular retlex in cats Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution. thus avoiding undesirably high peak concentrations Tegretol chewable tablets 
may produce higher peak levels than the same dose given as regular tablets Tegretol in 
blood is 76% bound to plasma proteins Plasma levels of Tegretol are variable and may 
range from 0 5-25 g/ml. with no apparent relationship to the daily intake of the drug 
Usual adult therapeutic levels are between 4 and 12 ug/ml Following oral administration 
serum levels peak at 4 to 5 hours The CSF/serum ratio is 0 22. simular to the 22% 
unbound Tegretol in serum Because Tegreto! may induce its own metabolism. the half-life 
ıs also variable Initial half-life values range trom 25-65 hours. with 12-17 hours on 
repeated doses Tegretol is metabolized in the liver After oral administration of 14C-carba- 
mazepine, 72% of the administered radioactivity was found in the urine and 28% in the 
feces This urinary radioactivity was composed largely of hydroxylated and conjugated 
metabolites. with only 3% of unchanged Tegreto! Transplacental passage of Tegretol is 
rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues. with higher levels 
found in liver and kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: Tegretol ıs indicated tor use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived trom active drug-controlled studies 
that enrolled patients with the following seizure types 
1 Partial seizures with complex symptomatology (psychomotor temporal lode) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 
3 Mixed seizure patterns which include the above or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS, General) 
Trigeminal Neuralgia: Tegretol! is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug ıs not a simple analgesic and should not be used for the relief of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegreto! should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds such 
as amitriptyline. desipramine. imipramine. protriptyline. nortriptyline etc Likewise on 
theoretical grounds its use with monoamine oxidase inhibitors ıs not recommended 
Betore administration of Tegretol. MAO inhibitors should be discontinued tor a minimum 
of fourteen days. or longer if the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell’s syndrome) 
and Stevens-Johnson syndrome, nave been reported with Tegreto! These reactions have 
been extremely rare However. a few fatalities nave been reported 

Tegretol has shown mild anticholinergic activity, therefore. patients with increased 
intraocular pressure should be closely observed during therapy 

Because of the relationship ot the drug to other tricyclic compounds. the possibility ot 
activation of a latent psychosis and. in elderly patients. of contusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures. since in these patients Tegretol nas been associated 
with increased trequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac, hepatic or renal damage adverse hematologic reaction to other 
drugs. or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of tne early toxic signs and 
symptoms of a potential hematologic problem. such as fever. sore throat. ulcers in the 
mouth, easy bruising, petechial or purpuric hemorrhage. and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur. patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts. including platelets and possibly 
reticulocytes and serum iron. should be obtained as a baseline If a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts. the patient should 
be monitored closely Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and penodic evaluations of liver function, particularly in patients with a history 
of liver disease. must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations. including slit-lamp, tunduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dystunction 

Monitoring of biood levels (see CLINICAL PHARMACOLOGY) has increased tne efficacy 
and safety of anticonvulsants This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance In addition 


measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegreto! 
administered alone 

Hyponatremia nas been reported in association with Tegretol use either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital phenytoin. or 
Pnmidone or a combination of two produces a marked lowering of serum levels of 
Tegretol The effect of valproic acid on Tegreto! blood levels is not clearly establisned 
although an increase in the ratio of active 10. 11-epoxide metabolite to parent compound is 
a consistent finding 

The half-lives of phenytoin, warfarin. doxycycline and theophylline were significantly 
shortened when administered concurrently with Tegretol Haloperido! and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin. cimetidine. propoxyphene 
isoniazid or calcium channe! blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also. concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy witn other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant ora! 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine when adminis- 
tered to Sprague-Dawley rats tor two years in the diet at doses of 25 75. and 250 
mg/kg/day. resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must therefore. be considered to be carcinogenic in Sprague-Dawley 
rats Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results The significance of these findings relative to the use of carbamazepine in 
humans ıs. at present. unknown 
Pregnancy Category C: Tegretol has deen shown to nave adverse effects in reproduction 
Studies in rats wnen given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg in rat teratology studies 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 oftspring at 650 mg/kg showed other anomalies (cleft palate 1 talipes 1 
anopnthalmos 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Epidemiological 
data suggest that there may be an association between the use of carbamazepine during 
pregnancy and congenital malformations. including spina bifida Tegretol should de used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus 

Retrospective case reviews Suggest that, compared with monotherapy, there may de a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
Combination therapy Therefore. monotherapy is recommended for pregnant women 

Itis important to note that anticonvulsant drugs shouid not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
Possibility of precipitating status epilepticus with attendant hypoxia and threat to life In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of the 


Only TEGRETOL 

brand of carbamazepine 
provides the prescribing 
flexibility of a 100-mg scored 


chewable tablet. as well as 
a 200-mg scored tablet 





drug may be considered prior to and during pregnancy, although it cannot be said with any 
contidence that even minor seizures do not pose some nazard to the developing embryo or 
fetus 
Labor and Delivery: The etfect ot Tegretol on numan labor and delivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk is approximately 60% 
of the materna! plasma concentration 

Because of the potential for serious adverse reactions in nursing infants trom car- 
bamazepine a decision should be made whetner to discontinue nursing or to discontinue 
the drug taking into account the importance of the drug to the mother 
Pediatric Use: Satety and eftectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
It adverse reactions are of such severity that the drug must de discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have Deen observed in the hemopoietic system (see 
boxed WARNING) the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy. are dizziness. drowsiness unsteadiness nausea and vomiting To minimize the 
Possibility of such reactions. therapy snould be initiated at the iow dosage recommended 

The following additional adverse reactions have been reported 
Hemoporetic System Aplastic anemia. agranulocytosis pancytopenia bone marrow 
depression thrombocytopenia. leukopenia. leukocytosis, eosinophilia, acute intermittent 
porphyria 
Skin Pruntic and erythematous rashes. urticaria toxic epidermal necrolysis (Lyells 
syndrome) (see WARNINGS), Stevens-Jonnson syndrome (see WARNINGS) photosen- 
sitivity reactions alterations in skin pigmentation exfoliative dermatitis erythema multi- 
forme and nodosum. purpura. aggravation of disseminated lupus erythematosus 
alopecia, and diapnoresis In certain cases. discontinuation of therapy may be necessary 
Cardiovascular System Congestive neart failure edema. aggravation of hypertension 
hypotension syncope and collapse. aggravation ot coronary artery disease arrhythmias 
and AV block. primary thrombophlebitis recurrence of thrombophlebitis. and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver Abnormalities in liver function tests cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterized by tever dyspnea pneu- 
monitis or pneumonia 
Genitourinary System Urinary frequency. acute urinary retention. oliguria with elevated 
blood pressure. azotemia, renal failure. and impotence Albuminuria. glycosuria. elevated 
BUN and microscopic deposits in the urine nave also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally. rats receiving Tegretol in the diet for two years 
at dosage levels of 25.75. and 250 mg/kg/day nad a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs it produced a brownish discoloration. presum- 
ably a metabolite in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance ot these findings to humans is unknown 
Nervous System Dizziness. drowsiness. disturbances of coordination. contusion nead- 
ache fatigue blurred vision, visual hallucinations. transient diplopia, oculomotor distur- 
bances. nystagmus. speech disturbances abnormal involuntary movements peripheral 
neuritis and paresthesias, depression with agitation. talkativeness. tinnitus and 
hyperacusis 

There nave been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea. vomiting, gastric distress and abdominal pain. diarrhea. 
constipation anorexia and dryness of the mouth and pharynx including glossitis and 
stomatitis 
Eyes Scattered punctate. cortical lens opacities as well as conjunctivitis nave been 
reported Although a direct causal relationship has not been established many phe- 
nothiazines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication with decreased serum sodium 
(hyponatremia) and confusion have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other- Isolated cases of a lupus erythematosus-like syndrome nave been reported There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
tniglycendes in patients taking anticonvulsants 

A case of aseptic meningitis. accompanied by myocionus and peripheral eosinophilia 





has been reported in a patient taking carbamazepine in combination with other medica- 
tions The patient was successfully dechallenged. and the meningitis reappeared upon 
rechallenge with carbamazepine 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potentia’ has been associated with Tegretol, nor is there evidence of 
psychological or physical dependence in humans 
OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults, >60 g (39-year-old man) Highest known doses 
survived adults 30 g (31-year-old woman), cniidren 10 g (6-year-old boy). small 
children. 5 g (3-year-old gir!) 

Oral LD 50 in animals (mg/kg) mice, 1100-3750, rats, 3850-4025; rabbits 1500-2680. 
guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
Most prominent Cardjovascu ar disorders are generally milder. and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration: Irregular dreathing. respiratory depression 
Cardiovascular System Tachycardia, hypotension or hypertension, shock, conduction 
disorders 
Nervous System and Muscles Impairment of consciousness ranging in severity to deep 
coma Convulsions. especially in small children Motor restlessness. muscular twitching 
tremor. athetoid movements. opisthotonos, atawa drowsiness. dizziness, mydriasis 
nystagmus adiadochokinesia ballism. psychomotor disturbances. dysmetria Initial 
hyperreflexia_ followed by nyporeflexia 
Gastrointestinal Tract Nausea. vomiting 
Kidneys and Bladder Anuna or oliguria. urinary retention 
Laboratory Findings Isolated instances of overdosage nave included leukocytosis. re- 
duced leukocyte count glycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisoning When alcohol, tricyclic antidepressants barbiturates or hydantoins 
are taken at the same time the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting irrigating the stomach, and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk On the spot. the patient should be transferred at once to a hospital, while 
ensuring that vital tunctions are safeguarded There is no specific antidote 
Elimination of the Drug induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated especially if the patient nas also 
consumed alcoho! 
Measures to Reduce Absorption Activated charcoal. laxatives 
Measures to Accelerate Elimination Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure Replacement 
transtusion is indicated in severe poisoning in small children 
Respiratory Depression Keeo the airways tree. resort. it necessary. to endotracheal 
intubation, artificial respiration. and administration of oxygen 
Hypotension. Shock Keep the patient's legs raised and administer a plasma expander It 
blood pressure fails to rise despite measures taken to increase plasma volume use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
children). hypotension. and coma However, barbiturates should not be used if drugs that 
inhibit Monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week) 
Surveillance Respiration cardiac function (ECG monitoring), blood pressure body tem- 
perature pupillary reflexes and kidney and Diadder function should be monitored tor 
several days 
Treatment of Blood Count Abnormalities 1t evidence of significant bone marrow depres- 
sion develops the following recommendations are suggested (1) stop the drug. (2) 
pertorm daily CBC platelet and reticulocyte counts (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient trequency to monitor recovery 

Special periodic studies might be helpful as follows (1) white cell and platelet anti- 
dodies. (2) 59Fe—terrokinetuc studies. (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and peripheral blood. (5) bone marrow culture studies tor colony- 
forming units (6) hemoglobin electrophoresis tor Ay and F nemoglobin. and (7) serum 
folic acid and By levels 

A fully developed aplastic anemia will require appropriate intensive monitoring and 
therapy. for which specialized consultation should be sougnt 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels nas increased the efficacy and satety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests) Dosage should be adjusted to the needs of the individ- 
ual patient A low initial daily dosage with a gradual increase is advised As soon as 
adequate contro! is achieved the dosage may be reduced very gradually to the minimum 
effective leve! Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Inilial; 200 mg dı d Increase at weekly 
intervals by adding up to 200 mg per day usinga tı d or qi d regimen until the best 
response ıs obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily nave been used in adu'ts in rare instances Maintenance: Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily 
Children 6-12 years of age—Initial: 100 mgd \ d Increase at weekly intervals by adding 
100 mg per day using at ı d crqid regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum. 
effective leve! usually 400-800 mg daily. 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug snould be added gradually while the 
other anticonvulsants are maintained or gradually decreased except phenytoin. which 
may have to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg b | d on the first day for a total daily dose ot 200 mg This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve treedom trom pain Do not exceed 1200 mg daily 
Maintenance: Contro! of pain can be maintained in most patients with 400 mg to 800 mg 
daily However. some patients may be maintained on as little as 200 mg daily while others 
May require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period. attempts should be made to reduce the dose to the minimum etfective 
level or even to discontinue tne drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round. red-speckied pink single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 





Bottles of 100 NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped, pink. single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

Bottles of 100 NOC 0028-0027-01 

Bottles of 1000 NDC 0028-0027-10 
Gy-Pak*—One Unit 

12 botties—100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0027-61 
Samples. when available are identified by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg/5 mi. in 450 mi botties 


Printed in US A 


NDC 0028-0027-65 
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GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 
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CALENDAR OF MEETINGS 


Sixth Annual Neuroradiology Review Course, Hyatt Regency, Bethesda, Md. Contact Wendy S. 
Baker, Course Coordinator, Armed Forces Institute of Pathology, Washington, DC 20306-6000; 
(202) 576-2162. 

Second Annual Clinical Magnetic Resonance Imaging Meeting, Marriott's Mark Resort, Vail, Colo. 
Contact Program Coordinator, Department of Radiology, Program Committee, Box 17241, Tampa, 
FL 33682-7241; (813) 873-2090 or (800) 338-5901. 

“Clinical Neurology for Psychiatrists,” Bahia Mar Resort, Ft Lauderdale, Fla. Contact Office of 
Continuing Medical Education, Albert Einstein College of Medicine / Montefiore Medical Center, 111 
E 210th St, Bronx, NY 10461; (212) 920-6676. 

Annual Meeting of the Western Electroencephalographic Society, Portland Ore. Contact Bonnie 
Becker, Executive Secretary, Good Samaritan Hospital, Suite 400, 1040 NW 22nd Ave, Portland, 
OR 97210; (503) 229-7721. 

Sixth Meeting of The International Study Group of the Pharmacology of Memory Disorders Asso- 
ciated with Aging, Zurich, Switzerland. Contact Professor Richard J. Wurtman, Bldg E25-604, 
Whitaker College, Massachusetts Institute of Technology, Cambridge, MA 02139. 

The 24th Annual Recent Advances in Neurology, San Francisco, Calif. Contact Extended Programs 
in Medical Education, University of California, Room C- 124, San Francisco, CA 94143-0742; (415) 
476-4251. 

Fifth International Symposium on Intracranial Hemodynamics: Transcranial Doppler and Cerebral 
Blood Flow and Other Modalities, Hyatt Regency Embarcadero Center, San Francisco, Calif. Con- 
tact Conference Coordinator, Institute of Applied Physiology and Medicine, 701 16th Ave, Seattle, 
WA 98122; (206) 442-7330. 

“The Practicing Physician's Approach to the Difficult Headache Patient,” Wyndham Hotel, Palm 
Springs, Calif. Contact Ms Idell Applebaum, Diamond Headache Clinic Research and Educational 
Foundation, 5252 N Western Ave, Chicago, IL 60625; (312) 878-5558. 

“Clinical Neurology for Psychiatrists,” Fisherman's Wharf Holiday Inn, San Francisco, Calif. Con- 
tact Office of Continuing Medical Education, Albert Einstein College of Medicine / Montefiore Med- 
ical Center, 111 E 210th St, Bronx, NY 10461; (212) 920-6676. 

“Recent Advances in Geriatric Medicine, New Treatment Options for Old Problems,” The Pan Pa- 
cific Hotel, San Diego, Calif. Contact Cass Jones, Professional Conference Management Inc, 7916 
Convoy Ct, San Diego, CA 92111; (619) 565-9921. 

“Brain Chemistry and Behavior: Advances in Positron Emission Tomography and Single Photon 
Emission Tomography Imaging,” Baltimore, Md. Contact Patty Campbell, Program Coordinator, The 
Johns Hopkins Medical Institutions, Office of Continuing Education, 720 Rutland Ave, Baltimore, MD 
21205; (301) 955-3839. 

Fifth Annual Magnetic Resonance Imaging Conference, Marriott's Camelback Inn, Scottsdale, Ariz. 
Contact Kevin King, Education Coordinator, Radiologic Education Center, St Joseph’s Hospital and 
Medical Center, 350 W Thomas Rd, Phoenix, AZ 85013; (602) 285-3956. 

The Eighth Conference of the Southeast European Society for Neurology and Psychiatry, Jerus- 
alem, Israel. Contact Shaul Feldman, MD, PO Box 50006, Tel Aviv 61500, Israel. 

24th Latin American Congress of Neurosurgery, Miami, Fla. Contact Sergio Gonzalez-Arias, MD, 
8950 N Kendall Dr, Suite 406, Miami, FL 33176; (305) 271-6159. 

“Spectrum of Developmental Disabilities: Cerebral Palsy: Issues of Early Detection and Interven- 
tion,” The Johns Hopkins Medical Institutions, Baltimore, Md. Contact Program Coordinator, The 
Johns Hopkins Medical Institutions, Office of Continuing Education, Turner Bldg, 720 Rutland Ave, 
Baltimore, MD 21205; (301) 955-2959. 

“Recent Advances in Neurology and Neurosurgery,” Scottsdale, Ariz. Contact Toby A. Jardine, 
Manager, Administration, Barrow Neurological Institute, 350 W Thomas Rd, Phoenix, AZ 85013; 
(602) 285-3178. 

Cervical and Lumbar Spine: Start of the Art '91, Hyatt Regency Embarcadero, San Francisco, 
Calif. Contact the San Francisco Spine Institute, 1850 Sullivan Ave, Suite 140, Daly City, CA 94015; 
(415) 991-6761. 

The Second Annual Postgraduate Electromyography Review Course, lowa City, lowa. Contact 
Deborah L. Hatz, Program Coordinator, University of lowa College of Medicine, lowa City, IA 52242; 
(319) 335-8598. 

43rd Annual Meeting of the American Academy of Neurology, Hynes Convention Center, Boston, 
Mass. Contact American Academy of Neurology, 2221 University Ave SE, Suite 335, Minneapolis, 
MN 55414; (612) 623-8115. 

The Annual Meeting of the World Federation of Neurology Research Group on Neuroepidemiology, 
Boston, Mass. Contact Gustavo C. Roman, Chief, Neuroepidemiology Branch, Federal Building, 
Room 714, 7550 Wisconsin Ave, National Institutes of Health, Bethesda, MD 20892; (301) 496- 
1714. 

Advances in Internal Medicine, The Towsley Center, Ann Arbor, Mich. Contact Julie Jacobs, Office 
of Continuing Medical Education, G- 1100 Towsley Center, Box 0201, University of Michigan Med- 
ical School, Ann Arbor, MI 48109-0201; (313) 763-1400. 

Ecuadoran Society of Neurology, Quito, Ecuador. Contact Ecuadoran Society of Neurology, PO Box 
2821, Quito, Ecuador. 

New Frontiers on Acute Ischemic Stroke-An Update, Rome, Italy. Contact Stroke Secretariat, Via 
Bertolini, 26/B, 00197 Rome, Italy. 

International Conference on Stroke, Geneva, Switzerland. Contact N. M. Bornstein, MD, Interna- 
tional Conference on Stroke, c/o Kuoni Travel Ltd, 7 Rue de Berne, CH-1211 Geneva, Switzerland. 
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News 





American Board of Psychiatry and 
Neurology Inc.—The following individ- 
uals were certified in neurology at the 
examination held in March 1990: 


Agrawal, Rakesh 

Albers, Gregory William 
Amos, Edwin Curtis 
Bahamon-Dussan, Juan Ernesto 
Bajwa, Ahsan Kalim 

Bayne, Lydia 

Becker, Philip Scott 

Bowen, James Duane 

Briley, Dennis Patrick 

Call, Gregory K. 

Callaghan, Maureen Ann 
Carlson, Scott Eric 

Chabay, Cynthia Lynn 
Charnock, Edwin Howard 
Cimera, James Lewis 

Collins, Stephen Douglas 
Culberson, Charles Gregory 
Danesh, Mitchell Martin 
Diringer, Michael Neil 
Edmondson, Everton Anthony 
Edmundson, Herbert Paine, Jr 
Fieman, Sherry Lynn 
Fleishman, Jerold Howard 
Ford, Corey Charles 

Frecker, David George 
Geraghty, John Joseph III 
Graham, Richard Alton 
Graham, Steven Hunt 
Helman, Dale Avry 

Henning, William Eugene 


American Board of Psychiatry and 
Neurology Inc.—The following individ- 
uals were certified in neurology at the 
examination held in June 1990: 
Adams, Charles Robert 
Amaraneni, Prasunamba G. 
Anderson, Britt 
Anstandig, Jack 
Applegate, Clara Nancy 
Armon, Carmel 
Asconape, Jorge Juan 
Baser, Susan Mary 
Benarroch, Eduardo Elias 
Benjamin, Debra A. 

Bennett, David Alan 
Bertoldi, Roger Victor 
Carmickle, Lynn JoAnne 
Carpenter, David Adams 
Carpenter, Don Elton 
Case, James Lawrence 

de Alvare, Leopolde Angel 
Dobmeyer, Susan Matilda 
Enos, Bruce Edward 
Epperson, Larry Wayne 
Forchetti, Concetta Maria 
Frere, Robert Carroll 
Funkey, Richard Ivison 
Gaffney, James Shannon 
Gilder, Beverly Faye 

Gitt, Jeffrey Scott 
Goldman, Linda C. 
Gomez, Camilo Ramiro 
Gomez, Christopher Manuel 
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Himel, Timothy Farrar 
Holland, Marie Tulou 
Hope, William Grant 
Hosey, Jonathan P. 
Johnston, James Christopher 
Kahkeshani, Saeed 

Kane, Jerome Marc 
Kanter, Merrill Carolyn 
Kershaw, Paul Russell 
Kimpel, Thomas Guy 
Kitt, Donald Conrad 
Klingman, Jeffrey Gilbert 
Licht, Harvey Jay 

Little, James Hart 
Lytton, William Winzer 
Mao, Chi-Chen 

Marra, Christina 

Martin, Alan William 
Massa, Stephen Mark 
Mechtler, Laszlo Lipot 
Mitchell, Thomas Alexander 
Mody, Cyrus Khushroo 
Mucke, Lennart 

Murphy, Lawrence Cullum 
Noebels, Jeffrey Lloyd 
Noland, William Horace 
Pulst, Stefan Matthias 
Ribaudo, John Joseph 
Ricalde, Orlando Arthur 
River, Mary Elizabeth 
Sanchez, Ramon Marcos 
Scharre, Douglas W. 
Schulz, Paul Ernest 
Singh, Parduman 

Sinoff, Stuart Evan 


Graeber, Michael Coleman 
Grosmann, Carla Margaret 
Gupta, Vipin Kumar 
Hanley, Daniel Francis 
Hannam, John Michael 
Harrison, Madaline Burr 
Herron, Timothy 

Homer, Daniel 

Hudgens, Kyle Randall 
Ibrahim, Waseem Nicola 
Jagiella, Waclav M. 
Janicki, Mark Joseph 
Johnson, Rodney James 
Jones, Robert Walter, Jr 
Kanter, Roy Alan 
Khabbazeh, Zuka Arabi 
Knox, Craig Alan 

Kundu, Subroto 
Kuzniecky, Ruben Itamar 
Kwentus, Joseph Allen 
Lapham, Craig Allen 
Leung, Patrick Kwok-Him 
Lynch, James Edward 
Mandell, Howard 
McCahill, Kathleen Susan 
Miles, Michael Francis 
Minette, Susan Elaine 
Mitchell, Galen Wesley 
Moen, Margaret L. 
Munschauer, Frederick E. III 
Nadis, Susan Marsha 
Nance, Martha Anne 
Ortega, Steven Arthur 
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Spellman, Edward Lewis 
Strassberg, Mark Howard 
Tapscott, Stephen Justice 
Townsend, John Barratt III 
Vickrey, Barbara Grace 
Vickroy, Joseph Walter, Jr 
Welborn, Mark Gregory 
Wheelock, Vicki Lynn 
Wong, Bowen Yee 

Yamut, Bassem Ibrahim 


The following individuals were certi- 
fied in neurology with special qualifi- 
cations in child neurology: 
Atkinson, Sid W. 

Cohen, Bruce Howard 
Crawford, Thomas Owen 
Famiglio, Linda Marie 
Gonzalez, Evelyn 
Gowrinathan, Rani N. 
Huang-Santos, Nancy T. 
MacDonald, Gregory Paul 
Makari, George S. H. 

Maria, Bernard Lee 

Marks, Warren Alan 

Miller, Bradford Russell 
Miller, Christopher Alan 
Morales, Augusto 

Morgan, Harley Bascom 
Oliver, Young Pinckney 
Smith, Mary Elizabeth 

Virdi, Balbir Singh 

White, Larry Eugene 

Wical, Beverly Smith 
Yamada, Kelvin Akira 


Pauxtis, Gregory F. 
Pearlman, Robert Lawrence 
Pick, Peter W. 

Pillai, Rekha 

Puente, Michael Albert 
Quinlan, John Gilmary 
Ragland, James Balasundaram 
Sahota, Pradeep K. 
Scheyer, Richard David 
Schreiber, Steven Scott 
Shankle, William Rodman 
Sharma, Khema Ram 
Shipley, Winston Dean 
Siegel, David Randolph 
Snyder, Abraham Zvi 
Srivastava, Madhav Kumar 
Sullivan, Lawrence Patrick 
Sund, Sheila Lynn 

Sundell, Robert Raymond 
Susskind, Cynthia Gaye 
Taboas, Rafael A., Jr 
Tempel, Lee W. 

Thornton, Charles Allan 
Trobiani, Steven 

Undesser, Eric Karl 
Venkatesh, Ram 

Walk, David 

Williams, Douglas Paul 
Wilson, Elaine Jones 
Wolfe, Irving Larry 

Yerby, Mark S. 
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Transderm Scop” 
scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scép is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scōp provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or in a 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scop provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scōp should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scop should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require menta! alertness, such as driving a motor vehicle or 
Operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scōp should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scop should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scop is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scop should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scop is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scop: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scop system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scdp disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scop disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 
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Books 





Mutism: Studies in Disorders of Communication, by 
Yvan Lebrun, 124 pp, $29, London, England, 
Whurr Publishers, 1990. 

Lebrun’s short monograph offers a 
readable overview of mutism in all of 
its aspects. The text presents a wide- 
ranging pastiche of sundry “condi- 
tion[s] in which there is no, or very lit- 
tle, oral-verbal expression, whilst com- 
prehension ... is normal or at least at 
a considerably higher level than oral- 
verbal output” (p 1). Organized into a 
short chapter on the psychology of si- 
lence and two longer chapters on func- 
tional mutism and organic mutism, the 
book is significant more for its breadth 
than for its depth. The text is amply 
referenced and has a useful subject 
and author index. 

Topics, almost dazzling in their va- 
riety, range from akinetic mutism to 
aphemia, from esophageal speech to 
speech apraxia, from monastic silence 
to the family dynamics of children who 
maintain silence at school, from mut- 
ism after cerebral commissurotomy to 
muteness of the famous “wild child” of 
Aveyron. Lebrun’s general approach is 
to provide vignettes illustrating each 
subject under discussion. Here the 
book is at its lucid best. Vignettes in- 
clude not only generous summaries of 
case reports from the clinical litera- 
ture but also illuminating examples 
from art, classic and modern litera- 
ture, mythology, the Bible, and anthro- 
pology. Even etymology and slang ex- 
pression find their way into Lebrun’s 
eclectic treatise. 

Mutism is more descriptive than ex- 
planatory, and some neurologists will 
look askance at the treatment of cer- 
tain material. How, for example, are 
eating, toileting, copulating, and 
speaking—the four “primary modes of 
interaction with the environment” (p 
45)—alike? Each of these, according to 
Lebrun in a discussion of functional 
mutism dynamics, “help[s] the individ- 
ual outgrow an initial state of ego- 
centrism and adapt to social life” (p 
46). And what is a biologically oriented 
neuroscientist to conclude when words 
are metaphorically likened to sperm? 
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Cursory explanations of organic 
causes of mutism are also disappoint- 
ing in their pathophysiologic and ana- 
tomic simplicity. 

Is Mutism an essential reference for 
the neurologist’s personal library? I 
think not. However, Mutism is an en- 
joyable survey that provides a broad, 
well-referenced introduction to multi- 
faceted aspects of speechlessness; it is 
on this basis that I recommend the 
book. 


Victor W. HENDERSON, MD 
Los Angeles, Calif 


Trends in Neuroimmunology, edited by M. G. 
Marrosu, C. Cianchetti, and B. Tavolato, 169 pp, 
$50, New York, NY: Plenum Press, 1990. 

This book represents the proceed- 
ings of the International Symposium 
on Trends in Neuroimmunology, Ca- 
gliari, Italy, in 1988. Based on this 
book, the symposium was excellent 
and would have been well worth at- 
tending. The authors of chapters are a 
distinguished international group of 
neuroimmunologists, mostly from It- 
aly and other parts of Europe. 

The book is organized into chapters 
on four broad areas representing cur- 
rent aspects of intense interest in neu- 
roimmunology—humoral immunity, 
cellular immunity, immune functions 
of glia, and central nervous system 
immune diseases. Chapters describing 
work in human and animal systems 
are intermingled in a mutually rein- 
forcing and provocative manner. Most 
of the chapters are original research 
reports, but two are review articles. 

Several of the chapters describing 
original research reports are excellent, 
state-of-the-art accounts, some of 
which have subsequently either par- 
tially or completely appeared in print 
in refereed journals. These include 
chapters on antioligodendrocyte au- 
toreactive T cells, human fetal brain 
cultures, and immunologic parameters 
and therapies in an impressive number 
of patients with subacute sclerosing 
panencephalitis. The chapter describ- 
ing a negative search for human T-cell 


lymphotropic virus type I in patients 
with multiple sclerosis using poly- 
merase chain reaction techniques is 
excellent, provides guidelines for oth- 
ers doing similar work, and has not 
appeared in any form elsewhere. Other 
chapters, however, on cerebrospinal 
fluid findings in patients infected with 
human immunodeficiency virus type 1 
or in patients with MS discuss old tech- 
niques and confirm well-established 
concepts in Italian populations, or re- 
work topics such as central nervous 
system IgG synthesis or B-cell re- 
sponses in multiple sclerosis. The two 
review chapters on cerebrospinal fluid 
cytokines and on cellular immunity in 
slow viral infections are well written 
and referenced and provide interesting 
speculations. 

The book would have been strength- 
ened by having a review article in each 
broad subject area. Additionally, a 
question-and-answer or discussion 
section at the end of each chapter 
would have given the flavor of the dis- 
cussions and interactions that took 
place at the symposium and that were 
enthusiastically referred to in the ed- 
itors’ introduction. 

This book would hold much interest 
for those engaged in neuroimmunol- 
ogy research, but it is not comprehen- 
sive in its coverage of neuroimmunol- 
ogy. With the exception of the two re- 
view chapters, it is too specialized and 
would not hold great interest to a more 
general neurologic or medical audi- 


ence. 
Davin H. Matrson, MD, PHD 
Rochester, NY 


Neurologic Clinics, edited by William H. The- 
odore, 197 pp, with illus, $38, Philadelphia, Pa: WB 
Saunders Co, 1990. 

Clinical Neuropharmacology repre- 
sents the February 1990 issue of Neu- 
rologic Clinics. As with most issues in 
this series, only selected topics are 
chosen for review. The volume is not 
appropriate, therefore, for someone 
looking for a broad overview of clinical 
neuropharmacology. Eight chapters 
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are included. The first two, “Basic 
Principles of Clinical Pharmacology” 
and “Clinical Trials,” provide very 
good introductory material. The re- 
mainder of the chapters address spe- 
cific neurologic disorders, including 
Parkinson’s disease, hyperkinetic 
movement disorders, autonomic dys- 
function, immune-related neuromus- 
cular diseases, multiple sclerosis, head 
and face pain, sleep disorders, is- 
chemic cerebrovascular disease, and 
epilepsy. Most chapters are clinically 
oriented, providing excellent and 
timely reviews of current approaches 
to therapy. The chapter on sleep disor- 
ders was disappointing in that it in- 
cluded only a very restricted discus- 
sion of sleep problems associated with 
Alzheimer’s disease. This book is rec- 
ommended for practicing neurologists, 
residents in training, and those inter- 
ested in the specific topics covered. 


ROGER KURLAN, MD 
Rochester, NY 


Vascular Brain Stem Diseases, edited by B. Hof- 
ferberth, G. G. Brune, G. Sitzer, H.-D. Weger, 
with illus, $53.50, New York, NY, S Karger AG, 
1990. 

This book provides a systematic and 
comprehensive review of brain-stem 
vascular diseases. It is divided into 
four sections—structural and func- 
tional basis, epidemiology and clinical 
aspects, diagnostic tools, and therapy. 
The section on structural and func- 
tional basis reviews the anatomic or- 
ganization of the brain stem and de- 
scribes the vascular supply of the brain 
stem and arterial variations, based on 
the extensive experience of the author 
with autopsy material. In addition, an 
excellent review of the mechanisms of 
posterior circulation ischemia is pro- 
vided. The final chapter in the section 
discusses the vestibulo-ocular system 
and provides detailed schematic dia- 
grams that aid in understanding this 
complex topic. The next section focuses 
on epidemiologic and clinical aspects 
of vertebrobasilar vascular disease. 
The first chapter reviews epidemio- 
logic aspects and is complete with 
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illustrative tables and angiograms. 
The following two chapters comple- 
ment each other with a discussion of 
signs and symptoms of “vertebrobasi- 
lar insufficiency” and _ brain-stem 
stroke syndromes. 

A complete section on diagnostic 
and laboratory tools used in the eval- 
uation of vertebrobasilar occlusive dis- 
ease discusses the fine points of the 
neurotologic examination, posturogra- 
phy, electronystagmography, evoked 
responses, continuous-wave Doppler 
sonography, transcranial Doppler 
sonography, specialized hematologic 
testing, and radiologic methods. 

The last section discusses treatment 
of vertebrobasilar occlusive disease, 
including medical and surgical op- 
tions. It includes an overview of med- 
ical treatments, detailed information 
about the use of thrombolytic therapy 
in animals and humans, and a review 
of surgical procedures used for verte- 
brobasilar disease. 

Overall, the book is well edited, but 
the writing style varies from chapter 
to chapter. Some typographical errors 
and several figures that are upside 
down are a minor problem. This vol- 
ume, the result of an international 
workshop on the topic of vascular 
brain-stem diseases, would be recom- 
mended to neurology residents and 
neurologists who care for patients who 


have suffered a stroke. 
José BILLER, MD 
Betsy B. Love, MD 
Iowa City, Ia 


Computational Neuroscience, edited by Eric L. 
Schwartz, 441 pp, with illus, $45, Cambridge, 
Mass, Massachusetts Institute of Technology 
Press, 1990. 

This book is a collection of papers 
presented at a 1987 meeting that was, 
at least, partly intended to “define the 
field.” It gathers papers from many of 
the most important contributors to 
computation neuroscience. Each au- 
thor has written a chapter on some as- 
pect of that author’s work. Thus, this 
book is not intended as an introductory 
text. What it does provide, however, is 


a carefully written and well-edited 
presentation of many of the issues in 
computational neuroscience. It is par- 
ticularly valuable because most chap- 
ters have been written from a broader 
perspective than one will find in the 
original literature. The chapters are 
grouped by the level of their approach 
(eg, synapse, network, neural map, or 
system). The book’s structure is inten- 
tionally wide ranging and captures the 
diversity of the field. It might be fair to 
say that about the only sure unifying 
theme in Computational Neuroscience 
is its strong predisposition to describe 
the workings of the brain in quantita- 
tively computable or mathematical 
terms. To most scientists there is a 
special appeal in mathematical mod- 
els. This is particularly so when the 
mathematics is simple. However, even 
difficult models retain the appeal of 
explicitness. 

Perhaps the most interesting dy- 
namic in the field, and one that sur- 
faces often in this book, is between the 
laboratory neuroscientists and the 
computer modeler. The modelers nat- 
urally want to produce “interesting” 
behavior from their models and are 
often willing to use simple approxima- 
tions to neurons and synapses, ignor- 
ing a great deal of detail in the pursuit 
of greater computational realizability 
and simplicity of interpretation. Neu- 
roscientists, just as naturally, insist 
that those neuroscientific details, 
wrested from the laboratories with 
such effort, should be included. In fact, 
many of the authors in this book are 
both laboratory scientists and com- 
puter modelers. Chapters by Gordon 
Shepard and Christof Koch are partic- 
ularly insistent that the neuroscien- 
tific details are not yet well incorpo- 
rated into most computational models. 

Overall, this is a valuable volume to 
own, particularly so in a field as scat- 
tered about in the original literature 
as this. The articles are of very high 
quality and are faithful to their mis- 
sion to be both computational and 
neuroscientific. 


JAMES L. RINGO, PHD 
Rochester, NY 
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Seizures Following Carotid 
Endarterectomy 


To the Editor. I read the article by 
Kieburtz et al! entitled “Seizures Fol- 
lowing Carotid Endarterectomy” with 
interest, and find it to be a surprising 
addition to the neurologic literature. 
There is no doubt that many patients 
have seizures following carotid endar- 
terectomy (CEA). What one might 
doubt is the speculation that seizures 
following CEA may be attributed to 
“cerebral hyperperfusion, cerebral 
embolization, or both” as suggested by 
Kieburtz and colleagues.' In looking 
through their experience of 650 CEAs 
from 1981 through 1987, they found 
seizures occurring in eight patients, 
just more than 1%. Olsen et al? re- 
viewed “Epilepsy After Stroke” and 
found a 9% incidence of recurrent sei- 
zures in a prospective series of 77 con- 
secutive stroke patients. Other studies 
of epilepsy following stroke were cited: 
5% by Aring and Merritt, 6% by 
Richardson and Dodge,’ 8% by Louis 
and McDowell,’ 6% by Marquardsen,° 
and 7% by Fentz.’ It is, therefore, not 
surprising that patients undergoing 
CEA, many having had clinical or sub- 
clinical cerebrovascular accidents, 
should occasionally manifest seizures. 
That altered regional hemodynamics 
could trigger a seizure in a patient with 
cortical damage is a reasonable, if un- 
proven, hypothesis. To be avoided is a 
suggestion that embolism or hyperper- 
fusion per se are primarily responsi- 
ble. 

Reigel et al,’ whose article is cited 
eight times by Kieburtz et al,' describe 
“cerebral hyperperfusion syndrome” 
in 10 patients, nine of whom had “clin- 
ical seizures”; the 10th had evidence of 
“subclinical seizures,” ie, periodic lat- 
eralized epileptiform discharges 
(PLEDs) on electroencephalogram. 
Although descriptions of “seizures” 
are lacking, all 10 electroencephalo- 
grams are described as having shown 
“PLEDs.” It is notable that PLEDs in- 
dicate an acute alteration of cerebral 
function and that although PLEDs can 
be seen in seizure patients, they are far 
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from specific to that disorder. In fact, 
the most common cause in an elderly 
person is probably stroke. 

If a significant number of seizures 
occurred during extracranial-intra- 
cranial bypass, that is, convulsions in 
patients without a clear embolic 
source for cortical infarction, hyper- 
perfusion might be more reasonably 
implicated. That a small number of 
patients with stroke have seizures is 
well established; it is remarkable that 
so few occur in patients with CEA: 
0.4% in the Mayo Clinic study*® and 1% 
in the article by Kieburtz and 
coworkers.' Reigel et alè and Kieburtz 
et al' have added to our understanding 
of seizures, perhaps, in showing us that 
in a selected group of high-risk pa- 
tients, seizures may occur less often 
than expected. I would not go so far as 
to suggest that the paucity of seizures 
in this group supports the notion, 
growing in popularity in recent years, 
that many of these patients do not 
have a disease that is benefited by sur- 
gery. The latter issue should be re- 
solved as the results of ongoing con- 
trolled trials of carotid endarterec- 
tomy become available. 

MAJ STUART E. Sinorr, MC, USA 
Neurology Service 

Walter Reed Army Medical Center 
Washington, DC 20307-5001 
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In Reply.—In his letter, Sinoff asserts 
that seizures following carotid endar- 
terectomy (CEA) occurred less fre- 
quently than expected in our study 
population. To substantiate his asser- 
tion he provides several references for 
the incidence of seizures following 
stroke. We suggest that not all patients 
having a CEA also have a stroke. A 
generous estimate of the incidence of 
stroke following CEA at our institu- 
tion is 5%, based on prior reports from 
our institution and others.'” Using this 
estimate for the incidence of stroke in 
patients with CEA, and using the inci- 
dence figures for seizure following 
stroke provided by Sinoff, 2.25 cases of 
seizures due to stroke following CEA 
would have been expected in our study 
population. This falls outside the 95% 
confidence interval for the observed 
number of eight cases of seizures fol- 
lowing CEA, based on the binomial 
distribution. Therefore, we actually 
reported that seizures following CEA 
occurred more frequently than ex- 
pected, if stroke were the sole cause of 
the seizures. We reiterate our previous 
statement that although there are sev- 
eral hypotheses regarding the mecha- 
nism of seizures following CEA (in- 
cluding embolization and hyperperfu- 
sion), the exact pathogenesis remains 
unclear. 
KARL KIEBURTZ, MD, MPH 
RICHARD T. Mox.ey III, MD 
Department of Neurology 
University of Rochester 
Medical Center 


601 Elmwood Ave, Box 673 
Rochester, NY 14642 
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Convergence Nystagmus Associated 
With Arnold-Chiari Malformation 


To the Editor.—In the March 1990 is- 
sue of the ARCHIVES, Mossman et al! 
detailed the neuro-ophthalmologic 
findings of a convergence nystagmus 
associated with Arnold-Chiari malfor- 
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mation type Iin a 17-year-old boy. This 
type of nystagmus, occurring usually 
with lesions of the pretectal region,” 
appeared only during neck movements 
and Valsalva’s maneuver, and was ab- 
sent in the primary position of gaze 
with the head in the neutral position. 
We congratulate the authors for the 
accuracy of the electro-oculographic 
and magnetic resonance imaging stud- 
ies of the case, and we agree with their 
brilliant hypothesis that, even in the 
absence of an overt pretectal lesion, 
the appearance of convergence nystag- 
mus might be explained on the basis of 
transient dysfunction of periaqueduc- 
tal structures provoked by mechanical 
and/or hydrodynamic mechanisms oc- 
curring during neck movements and 
Valsalva’s maneuver, ie, distortion of 
the aqueductal region and transient 
rise of cerebrospinal fluid pressure 
within the ventricular system. Our 
disagreement with the authors con- 
cerns, instead, the statement that the 
case studied showed the features of 
Arnold-Chiari malformation type I. 
Besides the depression of the lower 
poles of cerebellar tonsils up to C-2 and 
a moderate hydrocephalus involving 
the lateral and third ventricles, mag- 
netic resonance imaging showed that 
the anterior recesses of the third ven- 
tricle, as well as of the fourth ventricle, 
were slightly distended, the brain stem 
was depressed, and the medulla ap- 
peared to be elongated with its ante- 
rior surface impressed by the tissues 
overlying the odontoid process. Fur- 
thermore, there was kinking of the 
cervicomedullary junction and a large 
syrinx extending from the level of C-3 
to D-10. The hindbrain malformations 
revealed by magnetic resonance imag- 
ing do not resemble at all the anatomic 
features of type I Arnold-Chiari mal- 
formation. According to the original 
description of Chiari‘ and recent quan- 
titative approaches to Chiari malfor- 
mations with magnetic resonance 
imaging,‘ as well as several references 
quoted in the literature,“ Arnold- 
Chiari malformation type I corre- 
sponds simply to a displacement, more 
or less pronounced, of the cerebellar 
tonsils into the upper cervical canal 
without caudal displacement of the 
medulla. Furthermore, although clini- 
cal presentation of Arnold-Chiari mal- 
formation type I often suggests a cer- 
ebellar and/or an upper cervical cord 
lesion, in some cases the malformation 
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is asymptomatic and the diagnosis is 
occasional. We believe that to diagnose 
Arnold-Chiari malformation type I, 
any hindbrain anomaly different from 
Chiari’s original definition is mislead- 
ing. 

RosoLINO M. CaMARDA, MD 

DOMENICO RAIMONDO, MD 

Marisa Rossetti, MD 

Institute of Neuropsychiatry 

University of Palermo 

via Gaetano La Loggia, 1 

90129 Palermo, Italy 
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In Reply.—We are pleased that your 
correspondents agree with our de- 
scription of the abnormalities and of 
the implications drawn from them and 
that disagreement is confirmed to our 
categorization of the patient as a 
Chiari type I malformation. 

It is true that in Chiari’s original 
description of the type I malformation 
only the cerebellar tonsils are dis- 
placed inferiorly, and it is therefore 
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historically correct to include only 
cases of pure cerebellar ectopia in the 
Chiari type I category. However, one is 
then left with a large majority of 
patients in whom depression of the 
cerebellar tonsils is associated with 
varying degrees of depression of the 
medulla. In some of these cases there is 
a typical cervicomedullary kink at the 
level of the depressed dorsal column 
nuclei. Syrinx formation is commonly 
present. If these are not to be classified 
as Chiari type I malformations, what 
is the correct terminology? They cer- 
tainly do not fit into the category of 
Chiari type II malformations in which 
the fundamental abnormality is in- 
complete formation of the pontine 
flexure. In Chiari type II malforma- 
tions there is elongation of the pons 
and medulla and malformation of the 
cerebellar vermis, the hindbrain ex- 
tending down into the cervical canal 
with the nodulus at the leading edge of 
the depressed cerebellum. This mal- 
formation also is associated with sy- 
ringomyelia or hydromyelia, and al- 
most always with dysraphism, usually 
meningomyelocele. 

It is evident that in depression of the 
medulla, in addition to the tonsils, it is 
not always a malformation, but a de- 
formation secondary to compression of 
the posterior fossa contents. This may 
occur, for example, in severe cranio- 
stenosis or in the type of basilar in- 
vagination with convexobasia associ- 
ated with osteogenesis imperfecta, and 
it is likely that many other cases 
termed Chiari type I malformations 
are in truth acquired deformities. 
However, even if cases with medullary 
in addition to tonsillar depression do 
not strictly conform to Chiari’s origi- 
nal description, we believe that they 
are fundamentally different from the 
type II malformation and can reason- 
ably be considered as an extension of 
type I. It would be facetious and inac- 
curate to refer to them as Chiari type 
1.5, but to do so would draw attention 
to the dilemma caused by the epony- 


mous terminology. 
BRIAN KENDALL, FRCP 
S. S. Mossman, MD 
A. M. BRONSTEIN, MD 
M. A. GRESTY, PHD 
P. RUDGE, FRCP 
Medical Research Council 
Neuro-Otology Unit 
National Hospital 
Queen Square 
London, England WC1N 3BG 
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pergolide mesylate 


Briet Summary. Consult the package insert for complete prescribing 
information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/carbidopa in the management of the signs and symptoms of Parkin- 
son's disease. 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
nian adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to levodopa/ 
carbidopa as manifested by moderate to severe dyskinesia and/or on-off phe- 
nomena. On average, the sample of patients evaluated had been on levodopa/ 
carbidopa for 3.9 years (range, two days to 16.8 years). The administration of 
pergolide mesylate permitted a 5% to 30% reduction in the daily dose of 
levodopa On average, these patients treated with pergolide mesylate main- 
tained an equivalent or better clinical status than they exhibited at baseline. 


Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug or other ergot derivatives 


Warnings: Symptomatic Hypotension —In clinical trials, approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension, 
especially during initial treatment. With gradual dosage titration, tolerance to 
the hypotension usually develops. It is, therefore, important to warn patients of 
the risk, to begin therapy with low doses, and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks. 

Hallucinosis —In controlled trials, pergolide mesylate with levodopa caused 
hallucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled: tolerance to this untoward effect was not 
observed 

Fatalities —In the placebo-controlled trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate. Of the 2,299 patients treated with porgono mesylate in premarketing 
Studies evaluated as of October 1988, 143 died while on the drug or shortly 
after discontinuing the drug. The patient population under evaluation was 
elderly, ill, and at high risk for death. It seems unlikely that pergolide mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty 

In particular, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set of signs, symptoms. or laboratory results 
that would suggest that treatment with pesgolee caused their deaths ay: 
eight percent (68%) of the patients who died were 65 years of age or over. No 
death (other than a suicide) occurred within the first month of treatment; most 
of the patients who died had been on pergolide for years. A relative frequency of 
the causes of death by organ system are: pulmonary failure/pneumonia, 35% 
cardiovascular, 30%; cancer, 11%. unknown, 8.4%; infection, 3.5%. extrapyra- 
midal syndrome, 3.5%; stroke, 2.1%. dysphagia, 2.1%. injury, 1 4%, suicide, 
1.4%; dehydration, 0.7%, glomerulonephritis, 0.7% 


Precautions: Genera/ —Caution should be exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmias 

In a study comparing pergolide mesylate and placebo, patients taking 
pergolide mesylate were found to have significantly more episodes of atrial 
premature contractions (APCs) and sinus tachycardia 

The use of pergolide mesylate in patients on levodopa may cause and/or 
exacerbate preexisting states of confusion and hallucinations (see Warnings) 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
tions and confusion, these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible, even if 
the patient is to remain on levodopa 

The administration of pergolide mesylate to patients receiving levodopa may 
cause and/or exacerbate preexisting dyskinesia 

Intormation for Patients —Patients and their families should be informed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk of hypotension (see Warnings) 

Patients should be advised to notify their physician if they become pregnant 
or intend to become pregnant during therapy 

Patients should be advised to notify their physician it they are breast feeding 
an infant 

Laboratory Tests —No specific laboratory tests are deemed essential for the 
management of patients on Permax. Periodic routine evaluation of all patients. 
however. is appropriate. 

Drug Interactions —Dopamine antagonists. such as the neuroleptics (phe- 
nothiazines, butyrophenones, thioxanthines) or metoclopramide. ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist). these agents may diminish the effectiveness of Permax 

Because pergolide mesylate is approximately 90% associated with plasma 
proteins, caution should be exercised if pergolide mesylate is coadministered 
with other drugs known to affect protein binding 

Carcinogenesis, Mutagenesis, and Impairment of Fertility —A two-year 
carcinogenicity study was conducted in mice ug dietary levels of pergolide 
mesylate equivalent to oral doses of 0 6. 3.7, and 36 4 mg/kg/day in males and 
06. 4 4. and 40 8 mg/kg/day in females. A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0.04. 0 18. and 0.88 
mg/kg/day in males and 0 05, 0 28. and 1.42 mg/kg/day in females. The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlled clinical trials (6 mg, 
day equivalent to 0 12 mg/kg/day) 

A low incidence of uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats, Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen’ progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk, there are 
no human data to substantiate this conclusion 

Pergolide mesylate was evaluated for mutagenic potentiat in a battery of 
tests that included an Ames bacterial mutation assay, a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
cell-point-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay. The relevance of these findings to 
humans is unknown 

Afertility study in male and female mice showed that fertility was maintained 
at 0.6 and 1.7 mg/kg/day but decreased at 5.6 mg/kg/day. Prolactin has been 
reported to be involved in stimulating and maintaining progesterone levels 
required for implantation in mice and. therefore, the impaired fertility at high 
dose may occur because of depressed prolactin levels. 

Usage in Pregnanc) mi a Category B —Reproduction studies were 
conducted in mice at doses of 5, 16, and 45 mg/kg/day and in rabbits at doses 
of 2. 6, and 16 mg/kg/day The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in'con- 
trolled clinical trials. Inthese studies, there was no evidence of harm tg the fetus 
due to pergolide mesylate a 
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There are, however, no adequate and well-controlled studies in pregnant 
women Among women who received pergolide mesylate for endocrine disor- 
ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major, two minor); a Causal relationship has not been established. Because 
human data are limited and because animal reproduction studies are not 
always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed 

Nursing Mothers —It is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the 
mother 

Pediatric Use —Satety and effectiveness in children have not been estab- 
lished 


Adverse Reactions: Commonly Observed —In premarketing clinical trials, the 
most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
Cinations, somnolence, insomnia; digestive complaints. including nausea, 
Constipation, diarrhea, dyspepsia, and respiratory system complaints, includ- 
ing rhinitis. 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) of approximately 1.200 patients receiving pergolide mesylate for treat- 
mentof Parkinson's disease in premarketing clinical trials inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
Causing discontinuation were related to the nervous system (15.5%), primarily 
hallucinations (7.8%) and confusion (1.8%) 

Fatalities -See Warnings 

Incidence in Controlled Clinical Trials —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated in the premarketing controlled clin- 
ical trials comparing pergolide mesylate with placebo. In a double-blind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy. 

The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments. uses, and investigators. The cited figures, however, do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
drug and nondrug factors to the side-effect incidence rate in the population 
studied. 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 
Pergolide Mesylate Placebo 
N=189 N=187 


Body System/ 
Adverse Event* 


Body as a Whole 
Pain 70 
Abdominal pain 58 
Injury, accident 58 
Headache 53 
Asthenia 42 
Chest pain 37 
Flu syndrome 3.2 
Neck pain 27 
Back pain 16 
Surgical procedure 16 
Chills 11 
Face edema 1 
Infection 11 

Cardiovascular 


Postural hypotension 90 
Vasodilatation 3.2 
Palpitation 2.1 
Hypotension 21 
Syncope 21 
Hypertension 1.6 
Arrhythmia 1 
Myocardial infarction WwW 


Digestive 
Nausea 43 
Constipation 06 
Diarrhea 64 

Dyspepsia 64 

48 
37 
27 


=~ 


Anorexia 
Orymouth 
Vomiting 
Hemic and Lymphatic 
Anemia 11 
Metabolic and Nutritional 
Peripheral edema 7.4 
Edema 16 
Weight gain 16 
Musculoskeletal 
Arthralgia 1 
Bursitis l 
1 


coon 
t 


Myalgia 
Twitching 
Nervous System 
Dyskinesia 6: 
Dizziness 1 
Hallucinations i 
1 
1 


-00 
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2 

9 

3 

Dystonia 1 
Contusion 1 
Somnolence 0 
Insomnia 7 
Anxiety 6 
Tremor 4 
Depression 3 
2 

2 

1 

1 

1 

1 

1 

1 

1 

1 
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Abnormal dreams 
Personality disorder 
Psychosis 
Abnormal gait 
Akathisia 
Extrapyramidal syndrome 
Incoordination 
Paresthesia 
Akinesia 

Hypertonia 
Neuralgia 

Speech disorder 
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Permax* (pergolide mesylate, Lilly) 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 








Body System/ Pergolide Mesylate Placebo 
Adverse Event* N=189 N=187 
Respiratory System 

Rhinitis 12.2 5. T 

Dyspnea 48 11 

Epistaxis *16 <1 

Hiccup 1.1 0 
Skin and Appendages 

Rash 3.2 21 

Sweating 21 27 
Special Senses 

Abnormal vision 58 54 

Diplopia 21 0 

Taste perversion 16 0 

Eye disorder $3 0 
Urogenital System 

Urinary frequency 27 64 

Urinary tract infection 27 ~ 37 

Hematuria WW <1 





“Events reported by at least 1% of patients receiving pergolide mesylate are 
included 


Events Observed During the Premarketing Evaluation of Permax —This sec- 
tion reports event frequencies evaluated as of October 1988 tor adverse events 
Ocurring ina group of eparoniately 1,800 patients who took multiple doses of 
pergolide mesylate. The conditions and duration of exposure to pergolidl 4 
mesylate varied sreally, involving well-controlled studies as well as experience 
in open and uncontrolled clinical settings. In the absence of appropriate con- 
trols in some of the studies, a causal relationship between these events and 
treatment with pergolide mesylate cannot be determined. 


The following enumeration by organ system describes events in terms of 
their relative frequency of reporting in the data base Events of major clinical 
Mnporancs are also described in the Warnings and Precautions sections 

he following definitions of frequency are used: frequent adverse events ate 
defined as those occurring in at least 1/100 patients: infrequent adverse events 
are those occurring in 1/100 to 1/1,000 patients: rare events are those occur- 
ning in fewer than 1/1,000 patients. 

jody as a Whole —Frequent: headache, asthenia, accidental injury, abdom- 
inal pain, chest pain, back pain, flu syndrome, neck pain, fever; Infrequent. 
facial edema. chills, enlarged abdomen. malaise, neoplasm, hernia, pelvic 
pain, sepsis, cellulitis, moniliasis. abscess, jaw pain, hypothermia, Rare: acute 
abdominal syndrome, LE syndrome 

Cardiovascular System — Frequent postural hypotension, syncope, hyper- 
tension. palpitations, vasodilatations, congestive heart failure: Infrequent 
myocardial infarction, tachycardia, heart arrest, abnormal electrocardiogram. 
angina pectoris, thrombophlebitis, bradycardia, ventricular extrasystoles, 
cerebrovascular accident, ventricular tachycardia, cerebral ischemia, atrial 
fibrillation, varicose vein, pulmonary embolus, AV block, shock; 
Rare. vasculitis, pulmonary hypertension, pericarditis, migraine, heart block, 
cerebral hemorrhage 

Digestive System — Frequent: nausea. vomiting, dyspepsia, diarrhea, con 
stipation, dry mouth, dysphagia: /nfrequent: flatulence, abnormal liver tuncty 
tests, increased appetite. salivary gland enlargement, thirst. gastroenteritis, 
gastritis, periodontal abscess, intestinal obstruction, nausea and vomiting, 
Gingivitis, esophagitis, cholelithiasis, tooth caries, hepatitis, stomach ulcer, 
melena. hepatomegaly, hematemesis. eructation: Rare sialadenitis, peptic 
ulcer. pancreatitis, jaundice. glossitis, fecal incontinence, duodenitis, colitis, 
cholecystitis aphthous stomatitis, esophageal ulcer 

Endocrine System —/nfrequent: hypothyroidism, adenoma. diabetes melli- 
tus, ADH inappropriate, Rare: endocrine disorder. thyroid adenoma 

Hemic and Lymphatic System —Frequent: anemia, Infrequent leukopenia, 
lymphadenopathy, leukocytosis, thrombocytopenia, petechia. megaloblastic 
anemia, cyanosis; Rare: purpura, lymphocytosis, eosinophilia, thrombo- 
cythemia, acute lymphoblastic leukemia, polycythemia, splenomegaly 

Metabolic and Nutritional System — Frequent: peripheral edema, weight 
loss, weight gain. Infrequent: dehydration, hypokalemia, hypoglycemia, iron 
deficiency anemia, hyperglycemia, gout, hypercholesteremia, Rare’ elec- 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System — Frequent twitching, myalgia, arthralgia, /nfre- 
quent bone pain, tenosynovitis, myositis, bone sarcoma, arthritis. Rare 
Osteoporosis, muscle atrophy. osteomyelitis 

Nervous System —Frequent: dyskinesia, dizziness, hallucinations, confu- 
sion, somnolence, insomnia, dystonia, paresthesia, depression, anxiety, 
tremor, akinesia, extrapyramidal syndrome, abnormal gait, abnormal dreams, 
incoordination. psychosis, personality disorder, nervousness, choreoatheto- 
sis, amnesia, paranoid reaction, abnormal thinking; Infrequent: akathisia, neu- 
ropathy, neuralgia, hypertonia, delusion, convulsion, libido increased, 
euphoria, emotional lability, libido decreased, vertigo, myoclonus, coma, apa- 
thy. paralysis. neurosis, hyperkinesia, ataxia. acute brain syndrome, torticollis. 
meningitis, Manic reaction, hypokinesia. hostility, agitation. hypotonia. Rare. 
stupor, neuritis, intracranial hypertension, hemiplegia. facial paralysis, brain 
edema, myelitis. hallucinations and confusion after abrupt mona. ry 





Respiratory System —Frequent rhinitis. dyspnea. pneumonia. pharyngi 
cough increased; Infrequent: epistaxis, hiccup, sinusitis. bronchitis, voice 
alteration, hemoptysis, asthma, lung edema, pleural effusion, laryngitis, 
emphysema, apnea. hyperventilation, Rare: pneumothorax, lung fibrosis, 
larynx edema, hypoxia, hypoventilation. hemothorax, carcinoma of lung 

kin and Appendages System — Frequent sweating rash /nfrequent skin 
discoloration, pruritus, acne, skin ulcer. alopecia, dry skin, skin carcinoma, 
seborrhea, hirsutism, herpes simplex. eczema, fungal dermatitis, herpes 
zoster; Rare vesiculobullous rash, subcutaneous nodule. skin nodule. skin 
benign neoplasm. lichenoid dermatitis 

Special Senses Spon —Frequent diplopia, Infrequent otitis media, con- 
junctivitis, tinnitus, deafness, taste perversion, ear pain, eye pain, glaucoma, 
eye hemorrhage, photophobia, visual field defect, Rare. blindness. cataract, 
retinal detachment, retinal vascular disorder 

Urogenital System — Frequent urinary tract infection, urinary frequency, 
urinary incontinence, hematuria, dysmenorrhea, Infrequent: dysuria, breast 
pain, menorrhagia, impotence. cystitis, urinary retention, abortion, vaginal 
hemorrhage vaginitis, priapism, kidney calculus, fibrocystic breast, lactation, 
uterine hemorrhage, urolithiasis, salpingitis, pyuria, metrorrhagia, Menopause, 
kidney failure, breast carcinoma, cervical carcinoma, Rare: amenorrhea, blad- 
der carcinoma, breast engorgement, epididymitis, hypogonadism, leukorrhea, 
nephrosis, pyelonephritis, urethral pain. uricaciduria, withdrawal bleeding 
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Results of Surgery for Extratemporal Partial Epilepsy 
i That Began in Childhood 


John Adler, MD; Giuseppe Erba, MD; Ken R. Winston, MD; Keasley Welch, MD; Cesare T. Lombroso, MD, PhD 


@ Thirty-five consecutive patients who 
underwent surgery for intractable ex- 
tratemporal seizures originating in child- 
hood are described. Candidates for sur- 
gery were selected on the basis of clinical 
criteria, neurodiagnostic imaging, and an 
electroencephalographic investigation 
that included the use of sphenoidal elec- 
trodes and long-term monitoring. Invasive 
preoperative monitoring was not used. 
Our results, with respect to the control of 
seizures and behavioral improvement, are 
comparable with series in which data from 
invasive recordings were used in the se- 
lection process. Sixty-three percent of the 
35 patients (76.5% of those operated on 
after the introduction of long-term elec- 
troencephalographic monitoring) became 
either seizure free or experienced a reduc- 
tion in their frequency of seizures by at 
least 75%. The favorable outcome in this 
group of patients strengthens the argu- 
ment for early operation in children with 
intractable epilepsy, even when the sei- 
zure focus is outside the temporal lobe. 

(Arch Neurol. 1991;48:133-140) 


S urgery for seizures that began in 

childhood, and neurosurgery it- 
self, was born on May 25, 1886. On that 
date, an innovative 29-year-old En- 
glish surgeon nicknamed Archibald 
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Allright, which is perhaps a clue to his 
skill and optimism, performed his first 
operation on the human brain and the 
first operation ever for epilepsy. The 
patient, referred by Hughlings Jack- 
son, was a 22-year-old whose seizures 
began in childhood and occurred as 
frequently as 3000 per fortnight.’ Al- 
though the patient was seizure free 
postoperatively, the follow-up was 
short by current standards—3 months 
at the time of the report. Professor 
Charcot, visiting from Paris, France, 
on hearing the presentation of this and 
two other cases, congratulated the sur- 
geon, Victor Horsley, for having cured 
epilepsy by operation.' The core ele- 
ment of surgery for epilepsy, excision 
of the epileptogenic complex, has not 
changed from that date. What have 
changed and continue to change are 
our methods and rationale for select- 
ing patients for surgery, the operative 
techniques, and our analysis of surgi- 
cal results. 

“Seizures are frightening, cause 
damage, and are a major contribution 
to social isolation,” yet the traditional 
approach to epilepsy in children has 
tended toward nonoperative manage- 
ment, probably because seizures in 
some children, unlike those in adults, 
can be self-limiting.’ As a result, chil- 
dren with recalcitrant seizure disor- 
ders who may profit from surgery 
often have this therapy delayed un- 
necessarily or withheld.*’ Even for pa- 
tients who undergo this treatment, the 
selection process and the surgical tech- 
niques vary appreciably among medi- 
cal centers,’ and the optimal ag 
intervention remains uncertai 


Surgery in carefully selegte s hik 


dren reduces or elimina ateg sojzpres 

and facilitates social adap tation? 

however, nearly all published s series 0 
VO, 
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operations for epilepsy in the pediatric 
age group have been dominated by 
temporal lobectomies.'''* Because tem- 
poral lobectomy consistently yields 
more favorable results than other 
anatomically defined cortical re- 
sections,'*"’ results from the reported 
series are not representative of results 
for the more challenging extratempo- 
ral locations. This report will focus on 
our experience with the surgical man- 
agement of chronic epilepsy due to ex- 
tratemporal cortical seizure foci iden- 
tified by noninvasive means, ie, with- 
out preoperative dural or depth 
recordings. 


PATIENTS AND METHODS 


All patients who underwent surgery at 
The Children’s Hospital, Boston, Mass, be- 
tween January 1972 and August 1987 for 
chronic, extratemporal, partial epilepsy 
originating in childhood are the basis of 
this report. Patients with hemispheral ab- 
normalities who underwent extensive cor- 
tical resections are included; those who had 
temporal lobectomy or hemicorticectomy 
are excluded. We placed no limit on age at 
the time of surgery but required that the 
epilepsy begin within the pediatric age 
group, ie, before 16 years of age. Except for 
children younger than 2 years of age, we 
excluded those whose epilepsy had been 
present for less than 2 years. Although not 
all patients were children at the time of 
surgery, the median age at operation was 15 
years. There was no apparent change in the 
pattern of referral of our patients during 
the accrual of this series, and our series is 
relatively uniform with respect to the neu- 
rologists and neurosurgeons involved, the 
operative techniques employed, and the 
fact that implanted electrodes (depth, epi- 
ural, or subdural) were not used. Conse- 
ntly, we believe that this series is rep- 
tative of the contemporary experience 
intractable extratemporal partial ep- 
sy in children who are appropriate can- 
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All patients had received multiple trials 
of anticonvulsant medications and were re- 
ferred for management of recalcitrant sei- 
zure disorders. Each patient was restudied 
at our institution with extensive electroen- 
cephalography (EEG), which included pro- 
vocative and localizing tests (intravenous 
thiopental,'* diazepam,” or methohexital”’) 
in most patients. Nasopharyngeal elec- 
trodes were placed for basal EEG recording 
after 1972; sphenoidal electrodes, as well as 
other special electrodes, were used after 
1979. Long-term monitoring for the purpose 
of recording multiple seizures became 
available in 1981. No patients in this series 
underwent invasive preoperative investiga- 
tions, such as implanting dural strip elec- 
trodes or having depth electrodes im- 
planted on a long-term basis. 

All patients underwent the following in- 
tensive neuroradiologic testing: pneumoen- 
cephalography before 1974, computed to- 
mography (CT) after 1974, and, more re- 
cently, magnetic resonance imaging (MRI). 
An attempt to identify discrete radio- 
graphic abnormalities was made in each 
case. The radiographs of all patients whose 
studies were considered to be negative at 
the time of surgery were reviewed again at 
the time of this investigation. Neuropsy- 
chological testing”'* was administered be- 
fore and after surgery in all patients, in- 
cluding the very young children. Intra- 
carotid injection of amobarbital sodium” 
for lateralization of speech and for testing 
of memory” was performed preoperatively 
in patients in whom this information was 
deemed useful and who were sufficiently 
cooperative. 

Surgery was recommended on an individ- 
ual basis, not according to a fixed protocol. 
General anesthesia was employed in all 
cases in this series. After opening the dura 
and exposing the surface of the brain, elec- 
trocorticography was performed with a 16- 
channel instrument (model 8, Grass Instru- 
ments, Quincy, Mass) both to confirm the 
localization of abnormalities identified pre- 
operatively on noninvasive EEGs and to 
guide the extent of surgical resection. Dur- 
ing electrocorticography, methohexital was 
often injected intravenously to precipitate 
or enhance abnormalities previously seen 
on EEG.” Cortical stimulation was not used. 
In general, standard surgical techniques 
were employed. When a neoplasm was en- 
countered, the operative technique was 
modified as needed in an attempt to achieve 
total resection. In general, the extent of the 
resection in patients with neoplasia was 
guided by the surgeon’s ability to identify 
abnormal tissue. Cortex overlying tumor 
was resected and, if electrocorticography 
then revealed persistent seizure foci in sur- 
rounding cortex, the electrophysiologically 
abnormal tissue was then also removed (if 
the area was considered safe for resection). 

All operative specimens were processed 
in routine fashion by the department of pa- 
thology (neuropathology) of The Children’s 
Hospital, and a histopathologic analysis 
was obtained in all cases. 

Patients received anticonvulsant medica- 
tions in the immediate postoperative pe- 
riod; these medications were reduced when 
warranted, based on clinical features and 
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Table 1.—General Characteristics and Aggregate Results of Surgical Treatment 


General Characteristics 


M/F, 20/15 

L/R, 14/21 

Age at onset of seizures, y 
Age at operation, y 
Duration of seizures, y 
Duration of follow-up, y 


1 m-15; median, 4.0; mean, 5.1 
2-33; median, 15.0; mean, 14.5 
1-24; median, 7.2; mean, 9.4 
3.6-19; median, 9.2; mean, 10 


Postoperative Seizure Scores (Mean, 2.6) 


Grade 

0, no improvement 

1, slight improvement (~ 25%) 

2, moderate improvement (~ 50%) 

3, near complete improvement (= 75%) 
4, seizure freet 


N (%) 
4 (11.4) 
7 (20.0) 
2 (5.7) 
8 (22.9) 
14 (40.0) 


Postoperative Performance 


Type of Change 

Worse 

No change 

Improved but with new deficits 
Improved 


N (%) 

1 (2.8) 
19 (54.3) 
2 (5.7) 
13 (37.1) 





* Treatment administered to 35 consecutive patients who underwent surgery for extratemporal partial epilepsy 


that began in childhood. 
tReceiving or not receiving medication. 


findings on EEG. When the epilepsy re- 
mained poorly controlled, a second opera- 
tion was performed. 

Postoperative follow-up was primarily at 
The Children’s Hospital. All available in- 
formation on the control of seizures, includ- 
ing observations by patients’ families and 
reports from the referring physicians, was 
collected for each patient. The following 
scale was used to quantitate the effective- 
ness of surgery: 0, no definite improvement; 
1, slight improvement (approximately 
25% ); 2, moderate improvement (approxi- 
mately 50% ); 3, near complete control with 
only rare seizures (at least 75% improve- 
ment); and 4, total seizure control (with or 
without medications). This score reflected 
the frequency of seizures throughout the 
postoperative period (after the last opera- 
tion in those patients having two opera- 
tions). Convulsive attacks in the immediate 
postoperative period and those clearly re- 
lated to withdrawal of anticonvulsant ther- 
apy were not considered. For patients with 
several years’ follow-up, the grading re- 
flected the frequency of seizures in the few 
years immediately preceding this survey. 
When a patient had two seizure patterns 
and a different response to surgery for each, 
the average change was recorded. Because 
of the inherent error in quantitating small 
improvements in seizure control and be- 
cause small improvements may not be very 
beneficial to the patient, we have considered 
“significant improvement” to bea reduction 
of at least 75% (ie, scores 3 and 4). 

Postoperative performance, incorporat- 
ing both social functioning and the results 
of neuropsychological testing, was evalu- 
ated, and each patient was given a perfor- 
mance rating. The purpose of the perfor- 
mance rating was to assess changes in 
intellectual and social behavior that were 
not directly dependent on the control of 
seizures. For example, a patient who was a 
good student despite frequent seizures and 
who remained a good student after surgery, 
albeit without seizures, was classified as 
having no change in performance. Changes 


in performance were usually best docu- 
mented in the results of neuropsychological 
testing, but sometimes change was most 
apparent in reports from school, employer, 
or parents. Using the preoperative condi- 
tion as a baseline, the following categories 
were used to rate performance: W, worse; 
NC, no change; M, improved but with new 
and unexpected neurological deficits; and I, 
improved. 


RESULTS 


Thirty-five patients who underwent 
39 operations for epilepsy form the 
basis of this report. The characteris- 
tics of the whole group and the aggre- 
gate results of surgery are presented in 
Table 1. Sixty-three percent of pa- 
tients became either seizure free or 
experienced a significant reduction in 
the frequency of seizures. No patient’s 
seizure disorder was made worse by 
that patient’s undergoing an opera- 
tion, and only four patients (11%) 
failed to have some improvement in 
control of seizures. 

The first 18 patients (operated on 
before January 1, 1980) had a mean 
postoperative seizure grade of 2.2, and 
50% of these patients experienced a 
significant improvement in control of 
seizures (score 3 or 4); the subsequent 
17 patients had a mean postoperative 
seizure grade of 2.9 and 76% had a sig- 
nificant improvement in control of sei- 
zures. The postoperative performance 
rating, however, was approximately 
the same in the two periods—39% of 
the first 18 patients were improved vs 
47% of the latter. Overall, the perfor- 
mance rating after surgery was im- 
proved in 15 patients (43% ), although 
two of these had new neurologic defi- 
cits. Two patients had a worse postop- 
erative performance rating: one had 
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chronic encephalitis and another had a 
pre-existing contralateral frontal in- 
jury from radiation therapy; behav- 
ioral deficits developed following re- 
moval of an extensive region of poren- 
cephaly and cicatrix due to tumor 
removal years before. 


Outcome by Anatomic Location 


The general characteristics of the 
patients, when grouped by location of 
cortical resection and the results of 
surgical treatment, are presented in 
Tables 2 and 3. 

Frontal Lobe.—Control of seizures 
was significantly improved in nine of 
14 patients who underwent frontal re- 
section (64%). Eight patients (57%) 
became seizure free; three of the nine 
had an improved performance rating; 
and one was worse (frontal syndrome). 
The one patient with no apparent ben- 
efit (grade 0) from frontal corticec- 
tomy had a large tumor that could not 
be totally removed. Four patients had 
a postoperative seizure grade of 1 or 2; 
two of these underwent an operation 
on the basis of interictal EEG foci 
without corresponding abnormalities 
on neurodiagnostic imaging. The third 
patient had a focal abnormality on CT 
but no clear focus on EKG. The fourth 
patient had nonspecific pathologic le- 
sions and was operated on while in 
status epilepticus (epilepsia partialis 
continua). None of the five patients 
without significant improvement had 
preoperative long-term monitoring of 
ictal events. 

Parietal Lobe.—All three patients 
had excellent control of seizures after 
surgery and two had improved perfor- 
mance ratings. 

Occipital Lobe.—Four of five patients 
(five different pathologic findings) had 
significantly improved control of sei- 
zures. The one who did not improve 
had nonspecific pathologic findings 
and presented with epilepsia partialis 
continua. The performance rating im- 
proved in three patients and was un- 
changed in two. 

Multilobar.—Six (46%) of 13 pa- 
tients had postoperative seizure 
grades of 3 or 4 and six patients had an 
improved performance rating after 
surgery. Five of seven patients with 
little or no improvement in seizure 
control had incomplete removal of 
their lesions. The one patient with a 
worse postoperative performance had 
relentlessly progressive chronic en- 
cephalitis. 


Outcome by Pathologic Abnormality 


All surgical specimens contained 
histopathologic abnormalities (Tables 
8 through 5 and the Figure). The 35 
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Table 2.—General Characteristics and Results of Surgery by Location 
of Cortical Resection 


Frontal, 


Characteristic n (%) 


Parietal, 
n (%) 


Occipital 
n (%) 


Multilobar§ 
n (%) 





N (%) 14 (40) 


General Data 


3 (8.6) 5 (14) 13 (37) 





M/F 8/6 


1/2 3/2 7/6 





L/R 3/11 


2/1 3/2 6/7 





Age at onset of seizures * 3 





Age at operation * 12.2 
Duration of seizures * 7.8 





0.25 9 4 
12.6 16.6 17 
8.1 5.6 10.1 











Length of follow-up * 8.2 


8.0 8.1 6.5 


Postoperative Grade and Performance 


Seizure grade 
Mean values 2.9 


4.0 2.8 





Significantly improved 9 (64) 
(grades 3 plus 4) 





3 (100) 4 (80) 





Performancet 
No. worse 





No. improved+ 
* Median in years. 








tPatients whose postoperative performance was unchanged have been omitted. 
Includes patients with new neurologic deficit after surgery (ie, group | [improved] + group m [improved with 


new neurologic deficit]). 


§May include excision of temporal lobe with extratemporal cortex. 





Table 3.—Results by Type of Pathologic Findings by Location of Cortical Resection 










































































































Seizure Performance 
Location of Pathologic Grade* Ratingt 
Cortical Findings, FF Oo 
Resection N No. o 1 2 3 4 Ww NC M 
Frontal 14 Tumor, 6 1 1 4 ET 5 
Atrophy, 1 1 1 
Cortical malformation, 2 1 1 2 
Vascular malformation, 1 a 1 y 
Nonspecific, 4 2 1 1 3 
Parietal 3 Cortical malformation, 2 2 1 
Vascular malformation, 1 ea 1 
Occipital 5 Tumor, 1 1 1 
Atrophy, 1 1 
Cortical malformation, 1 1 TA 
Vascular malformation, 1 me 1 1 
Nonspecific, 1 1 N 1 
Multilobar¢ 13 Tumor, 4 1 2 RE 1 3 
Atrophy, 3 1 2 











Cortical malformation, 1 














Sturge-Weber syndrome, 1 











Encephalitis, 2 











Nonspecific, 2 





















* See Table 1 for definitions of grades. 





tW indicates worse; NC, no change; M, improved with new neurologic deficit; and |, Improved. 
May include excision of temporal lobe with extratemporal cortex. 


cases can be grouped into seven cate- 
gories on the basis of gross and histo- 
logic features. 

Tumor.—Eleven patients (31% ) had 
intractable epilepsy attributable to 
neoplasia; the anatomic distribution of 
these tumors is shown in Table 6, and 
the distribution of histologic types is 
displayed in the Figure. Seven patients 
(64%) had improved seizure control, 
four (36%) of whom became seizure 
free. Control of seizures was not re- 
lated to type of tumor but rather to the 


extent of removal and to the degree of 
malignancy. The two patients in whom 
postoperative improvement in seizures 
was absent (score, 0) had large and in- 
completely resected tumors. Their per- 
formance rating is summarized in Ta- 
bles 3 and 5. 

Atrophic and Cicatricial Lesions.— 
This pathologic category accounted for 
five patients (14% of the total), and the 
control of seizures was significantly 
improved in four of them (80% ). Four 
of the five had porencephaly; three of 
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Table 4.—General Characteristics and Results of Surgery by Type of Pathologic Findings 


Cortical Vascular Sturge-Weber 
Malformations, Malformations, Syndrome, 
Characteristic n (%) n (%) n (%) n (%) n (%) n (%) n (%) 
N (%) 11 (31) 5 (14) 6 (17) 3 (8.6) 1 (2.9) 2 (5.7) 7 (20) 
M/F 5/6 3/2 6/1 1/2 0/1 2/0 4/3 
L/R 5/6 4/1 2/4 0/3 0/1 1/1 2/5 
0.25 9 3.5 12 6 
Age at operation * 12 19 8.6 17.2 7.8 18 17 
Duration of seizures * Z: 15.2 7:3 8.3 4.3 6.7 13 
Duration of follow-up * 8.9 8.9 7.9 9.3 6.6 18 9.5 


Postoperative seizure score 
Mean value 2.5 2.6 3.3 4.0 4.0 0.5 tt 


No. improved 7 (64) 4 (80) 5 (83) 3 (100) 1 (100) o (0) 


Tumors, Atrophy, Encephalitis, Nonspecific, 




















Age at onset of seizures * a 4 


























(grades 3 plus 4) 





Postoperative performancet 
Worse 





Improved 
* Median in years. 


tPatients whose postoperative performance was unchanged have been omitted. 
Includes patients with new neurologic deficit after surgery (ie, group | [improved] + group M [improved with new neurological deficit]). 


the five had an extensive multilobar 
resection and one had an occipital 
lobectomy. Patients with atrophic le- 
sions had a high proportion of post- 
surgical improvement in performance 
(four [80% ] of five improved). None of 
the patients became seizure free, but 
four of five had at Jeast a 75% reduc- 
tion in seizures and also a significant 
improvement in performance. 

Vascular Malformations.—A1l] three 
patients became seizure free; perfor- 
mance was improved in two patients 
and one patient experienced no change. 
None had experienced a clinically ap- 
parent hemorrhage. 

Cortical Malformation—Hamartoma 
and Tuberous Sclerosis.—Five of six pa- 
tients had a significantly improved 
seizure score, and three of these pa- 
tients are seizure free. Three had an 
improved performance rating and the 
remainder were unchanged. 

Chronic Encephalitis.—One of two pa- 
tients presented with epilepsia partia- 
lis continua and postoperatively ex- 
perienced a relentless progression, 
sufficient to necessitate institutional- 
ization; the other patient’s condition 
remained stable but the epilepsy was 
not improved. Two other patients (ie, 
two not classified as having chronic 
encephalitis) presented with epilepsia 
partialis continua, and their surgical 
specimens had gliosis and perivascular 
cuffing but not neuronophagia or glial 
nodules. Although these abnormalities 
could represent the residua of enceph- 
alitis, these two patients were included 
in the nonspecific group. 

Nonspecific Abnormality.—Two (29% ) 
of seven patients with this pathologic 
diagnosis had significantly improved 
seizure control. One patient had an 
improved performance rating, six pa- 
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Pathologic Findings 








Tumor 








Atrophy 





Cortical malformation 





Vascular malformation 





Sturge-Weber syndrome 
Encephalitis 








Nonspecific 





Total 





*W indicates worse; NC, no change; M, improved with new neurologic deficit; and |, improved. 


tients had ratings that were un- 
changed, and no patient’s ratings were 
worse. Gliosis was the most common 
nonspecific histologic feature; it was 
present in seven cases. Gliosis was as- 
sociated with neuronal loss in two pa- 
tients and calcification in one. Three of 
these patients had evidence of focal 
atrophy on CT, and in one bilateral di- 
latation of the temporal horns was 
noted. No apparent relationship be- 
tween postoperative control of sei- 
zures and either the radiographic ap- 
pearance or the histologic findings in 
these patients was seen. 


Epilepsia Partialis Continua 


Three patients had epilepsia partia- 
lis continua for an average of 2.3 years 
before surgery. Cortical resections 
were in the occipital, frontal, and 
frontoparietal regions. One patient 
had the typical histologic features of 
encephalitis; the other two patients 
had nonspecific histologic changes. Af- 
ter the operation, none of these pa- 
tients had any significant change in 
the character or frequency of the epi- 
lepsia partialis continua. 


Table 6.—Anatomic Distribution of 11 
Neoplasms * 


Site 





Frontal lobe 

Occipital lobe 
Frontoparietal region 
Parieto-occipital region 
Parietotemporal region 
Total 





* Sample is from 35 patients who had undergone 
surgery for chronic extratemporal partial epilepsy that 
began in childhood. Sum of percentages is less than 
100 due to rounding. 


Anticonvulsant Therapies 


At the close of this study, five pa- 
tients (14%) were receiving no anti- 
convulsants; clearly, these patients 
had good results from surgery and 
were seizure free. Twelve patients 
(34% ) required fewer anticonvulsants 
or smaller dosages after surgery. 
Therefore, 17 patients (49% ) required 


less medication or no medication asa y 


result of the surgical intervention. The 
number and quantity of anticonvul- 
sants did not change significantly after 
surgery in 18 patients. Nine of 22 
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patients whose recent surgery was suc- 
cessful (grade 3 or 4) are still receiving 
anticonvulsants but are candidates for 
reduction or discontinuance of medi- 
cations. 


Other Operations 


Four patients had two operations for 
epilepsy at The Children’s Hospital 
during the time encompassed by this 
series, and for each patient the initial 
poor result was attributed to insuffi- 
cient resection of epileptogenic cortex 
or tumor. The interval between opera- 
tions ranged from 2 weeks to 5.8 years 
and averaged 1.8 years. The second op- 
eration yielded good results (seizure 
grade, 4) in two patients and minimal 
improvement in two others. 

Two children in this series under- 
went brain biopsies prior to referral to 
The Children’s Hospital. One, a child 
with a postherpetic cicatrix, had im- 
proved seizure control after cortical 
resection; the other had nonspecific 
pathologic changes and a poor surgical 
result. Another patient, who had 
chronic encephalitis, had a cortical re- 
section at another institution 11 years 
after our initial operation; this second 
operation was without benefit. 


Complications 


Two patients were hemiparetic after 
surgery but improved sufficiently to be 
fully ambulatory. In both, the hemi- 
paresis can be attributed to the extent 
of cortical resection required to re- 
move a tumor. Visual field deficits fol- 
lowing either temporal or occipital 
lobectomy were expected sequelae and 
were not considered to be complica- 
tions. Hemianopia as a result of the 
removal of an occipital oligodendro- 
glioma developed in one child; he be- 
came seizure free, but the visual field 
defect may have contributed to his be- 
ing in a severe motor vehicle accident. 
No operative deaths occurred. Aseptic 
meningitis occurred in one patient. 
Complications not involving the ner- 
vous system included two patients 
with wound infections, two patients 
with postoperative hematomas, and 
one patient with thrombosis within 
the deep-venous system of one lower 
extremity. 


Neuroradiology 


Although many of these patients 
had no abnormality recognized on pre- 
operative neurodiagnostic imaging, 27 
(77% ) of 35 had some identifiable ab- 
normality on retrospective review. 
One or more neuroradiologic abnor- 
mality was present in each of 11 pa- 
tients with neoplasia; five had a small 
localized mass affect, three had subtle 
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Distribution of pathologic processes in 35 consecutive patients who underwent surgery for 
extratemporal epilepsy that began in childhood and who were selected for surgery by noninvasive 
criteria. The category of neoplasia is subdivided by specific tumor types. 


mineralization, and five had an area of 
abnormal (low or high) density on CT. 
The neuroradiologic abnormalities in 
the brains of children with porenceph- 
aly were also diagnostic. Cerebral at- 
rophy and cortical calcification were 
apparent on CT in the patient with 
Sturge-Weber syndrome.” Every pa- 
tient with tuberous sclerosis had a ra- 
diographically apparent mass. The 
eight patients in this series without 
any (even very small) abnormality on 
retrospective review of neurodiagnos- 
tic imaging had the following patho- 
logic diagnoses: nonspecific abnormal- 
ity in four patients, cortical malfor- 
mation (hamartoma) in two patients, 
and encephalitis in two others. 

The postoperative mean seizure 
grade was 1.7 in patients without ab- 
normality on neurodiagnostic imaging 
and 2.7 in those with abnormality. 


COMMENT 


Our observations indicate that 
among children with intractable sei- 


zures good results can follow corticec- 
tomy for extratemporal epileptic foci, 
using only noninvasive diagnostic 
methods for selection. Overall, 88.6% 
of our 35 patients experienced some 
improvement in the control of their 
epilepsy, and 62.9% had a good-to-ex- 
cellent outcome (40% seizure free and 
22.9% with only occasional seizures). 
If we consider only the later half of our 
study (those who underwent an opera- 
tion after December 31, 1980), ie, the 
group operated on after CT and long- 
term monitoring with sphenoidal elec- 
trodes became available and hence the 
group most representative of our cur- 
rent selection of cases, 76.5% had a re- 
duction in seizures of at least 75%. 
Benefit also came in terms of an im- 
proved ability to function in daily ac- 
tivities. 

Most surgical series report good-to- 
excellent results in 70% to 90% of pa- 
tients; however, such results are 
strongly biased by the very good out- 
come in patients undergoing temporal 
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lobectomy.!'"* The fact that extratem- 
poral resections do not have nearly as 
good results!" may explain why so 
little has been written about these pa- 
tients. Compared with the information 
available on adults who underwent an 
operation for extratemporal partial 
epilepsy, our results, especially after 
1980, are quite favorable. 

Forty-three percent of our patients 
had an improved performance rating 
after surgery, in addition to improved 
control of seizures. Improvement in 
performance probably relates to pa- 
tients having fewer seizures and/or 
their requiring less anticonvulsant 
medication (true for over 50% of our 
patients). Most who did not improve 
(“no change” category) were function- 
ing well before surgery and, therefore, 
could not improve. Two patients had 
worse postoperative performance rat- 
ings; one had histologic evidence of 
encephalitis and the other had a fron- 
tal lesion contralateral to the site of 
the operation. 


Noninvasive vs Invasive Preoperative 
Evaluation 


Recently published studies of sur- 
gery for epilepsy have emphasized the 
value of invasive preoperative moni- 
toring in the selection of patients. 
Invasive testing with depth electrodes 
and/or surface recordings (subdural 
or epidural) requires additional surgi- 
cal procedures, is expensive, and has 
associated risks of morbidity (eg, hem- 
orrhage or infection).*> Furthermore, 
many pediatric patients have a low 
tolerance for the usually long moni- 
toring periods required.!3?30323 We 
recognize the value of invasive preop- 
erative monitoring in selected pa- 
tients,'** but it is important to iden- 
tify the patients in whom these proce- 
dures can be avoided. Extracranial 
recordings made during multiple spon- 
taneous seizures provided, in our pa- 
tients, a reliable basis for localization 
of epileptic foci. The information that 
we obtained by careful analysis of ictal 
events recorded from the convexity 
and base of the skull via noninvasive 
techniques*** and that obtained from 
intraoperative electrocorticography 
proved to be sufficient to guide surgical 
resection. Although the risk of errone- 
ous localization or lateralization when 
relying heavily on extracranial elec- 
troencephalographic data is always 
present,’ it is noteworthy that such 
events did not occur in our 35 consec- 
utive patients who underwent surgery. 
Concordant structural anomalies on 
neuroimaging, which we did not re- 
quire but frequently found, undoubt- 
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edly minimized this risk. Other crite- 
ria that influenced our selection of pa- 
tients for surgery were constancy of an 
interictal EEG focus over several 
years” and clear compatibility of the 


neurologic and electrophysiologic 
findings with the functional profile 
obtained from neuropsychological 


assessment.”” Consequently, without 
using invasive monitoring our results 
compare favorably with the published 
results from centers where recordings 
from depth or subdural electrodes 
weighed heavily in the selection of pa- 
tients. Our experience is consistent 
with the view expressed by Ojemann 
and Engel,” Gloor,” and Olivier et al” 
that the risk-to-benefit ratio of inves- 
tigation with depth electrodes should 
be carefully evaluated in each case and 
is rarely, if ever, required in patients 
who have both a structural abnormal- 
ity on neurodiagnostic imaging and a 
corresponding epileptogenic focus in 
the EEG. 

Our selection of cases improved over 
the time of accrual, as evidenced by the 
higher postoperative seizure scores in 
the latter half of the series (76.5% sig- 
nificantly improved). While some of 
this improvement may be attributed to 
learning from our own experience and 
the published experiences of others, we 
believe that most of the improvement 
is attributable to the introduction of 
long-term EEG monitoring and to ad- 
vances in neurodiagnostic imaging.” 
These new technologies permitted bet- 
ter patient selection via more accurate 
localization of surgically accessible 
epileptogenic foci that, in turn, led to 
greater operative success. Future ad- 
vances in neuroradiologic imaging, es- 
pecially MRI*'* and positron emission 
tomography,*** will probably enhance 
our ability to define anatomically epi- 
leptogenic foci and may restrict the 
need further for invasive electroen- 
cephalography. 

Recording from depth and/or epi- 
dural electrodes can be helpful in dis- 
criminating an orbitofrontal focus 
from a focus in the mesial temporal 
lobe, however, during the span of this 
series we encountered this problem in 
only three patients. In two of these pa- 
tients (operated on elsewhere and, 
therefore, not included in this study), 
recordings from epidural strip elec- 
trodes over the frontal and temporal 
convexity did not prevent false local- 
ization; a subsequent temporal lobec- 
tomy did not alter the frequency of 
seizures. However, in the third case, 
depth electrodes identified an orbi- 
tofrontal focus, and the patient did 
well after cortical resection. It is pos- 
sible that some patients who would 


have benefited from surgery were not 
offered an operation because a focus 
that could have been identified by in- 
vasive recording was missed, ie, they 
were erroneously thought to have gen- 
eralized epilepsy. While this possibil- 
ity cannot be excluded, we believe that 
such cases were rare or nonexistent in 
our population of patients with sei- 
zures. 

Most failures in surgery for epi- 
lepsy, whether dictated by pathology 
and anatomy, or secondary to an in- 
tentional conservative surgical ap- 
proach, have been ascribed to insuffi- 
cient localization and/or inadequate 
resection“ #8; this is consistent with our 
experience. Therefore, we believe that 
the surgical failures encountered in 
this series after the introduction of 
long-term surface and basal EEG 
monitoring would probably not have 
been avoided by more invasive investi- 
gations. It is possible, however, that a 
few failures and the occasional need 
for a second operation could have been 
prevented by more extensive or better 
tailored resections guided by preoper- 
ative depth electrode encephalogra- 
phy, intraoperative stimulation of the 
cortex under local anesthesia, or pre- 
operative mapping of the eloquent 
areas via implanted subdural grid 
electrodes.'*3°84149 When a discrep- 
ancy exists between EEG findings and 
neuroimaging or, in patients with neg- 
ative neuroimaging, between neuro- 
logical observations and the EEG find- 
ings, then invasive monitoring seems 
mandatory. Also, the existence of mul- 
tilobar lesions in patients not qualify- 
ing for hemispheral surgery is another 
clear indication. 

It is widely believed, contrary to our 
observations, that neuroradiographic 
abnormalities in patients with intrac- 
table epilepsy are rare unless there is 
a mass." However, subtle but defi- 
nite enhancement can often be recog- 
nized on CT in patients with nonneo- 
plastic epileptogenic foci in frontal 
lobes, when no abnormality is appar- 
ent on the noncontrasted images.” In 
Goldring’s® series, seizure foci were 
localized with radiographic studies in 
five of 10 patients, and, in other cases, 
“partial localization” was achieved. 
These observations would seem to in- 
dicate that neurodiagnostic imaging 
can have an extremely important role 
in the preoperative evaluation of pa- 
tients with partial epilepsy.” Retro- 
spective review of preoperative neu- 
roimaging revealed that over 75% of 
our patients had focal, usually nondi- 
agnostic, radiographic abnormalities 
that correlated with the EEG localiza- 
tion. Such a large percentage is prob- 
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ably a reflection of the pathologic find- 
ings (eg, tumors, malformations, and 
atrophic lesions) that were common in 
our population and, perhaps more fre- 
quently, the cause of chronic intracta- 
ble epilepsy in children. In the absence 
of focal lesions, a lateralizing radio- 
graphic abnormality (eg, atrophy) was 
common and often provided reassur- 
ing corroboration of EEG localization. 


Frontal Lobe Epilepsy 


Most series of surgically treated 
epilepsy, especially that beginning in 
childhood, report small numbers of 
frontal lobe operations’; only 10% 
of operations for seizures at the Mon- 
treal (Quebec) Neurological Institute 
involved the frontal lobe.“ Forty per- 
cent of our 35 consecutive patients 
with extratemporal epilepsy who un- 
derwent an operation had epilepto- 
genic foci involving frontal lobe. 

The surgical treatment of frontal 
lobe epilepsy in our experience and in 
prior reports'*!’**5 is less successful 
than the treatment of either temporal 
lobe epilepsy or widespread epilepto- 
genic foci requiring hemispherectomy 
or hemicorticectomy. Nevertheless, 
64% of our patients with frontal lobe 
seizures were significantly improved 
by surgery. In particular, surgery was 
successful when radiologic abnormali- 
ties corresponded to the seizure focus. 


Extensive Hemispheric Abnormality 


These cases had the lowest percent- 
age of significantly improved individ- 
uals among the anatomically defined 
categories. Only 46% (6/13) of patients 
with multilobar resections experi- 
enced significant improvement in the 
control of their seizures. In contrast, 
our experience with hemicorticectomy 
(not included in this report) has been 
much more gratifying. Although some 
clinical and pathologic differences ex- 
ist between those who underwent mul- 
tilobar resection and those who had 
undergone a hemispheral cortical re- 
section, this observation suggests that 
the outcome is improved when an ex- 
tensive surrounding area of cortex can 
be removed along with the identified 
epileptogenic tissue. This notion con- 
cerning the extent of resection in pa- 
tients with large hemispheral lesions 
is consistent with Rasmussen’s 
observation” and analogous to the im- 
pressions of Van Buren et al” on tem- 
poral lobe surgery, ie, that limited re- 
section results in less satisfactory con- 
trol of seizures. 


Pathology 


Differences in the distribution of 
pathologic findings between our group 
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of patients and other series of patients 
with surgically treated epilepsy are 
not easily explained; however, it is 
clear that they represent quite dissim- 
ilar populations. Bias, whether intro- 
duced by patients (families), referring 
physicians, neurologists, or neurosur- 
geons, affects the selection of patients 
for surgery and hence the types of 
pathologic findings represented. As an 
alternative, it is interesting to specu- 
late that the underlying processes 
causing chronic partial epilepsy may 
have changed over time. 

The high proportion of our patients 
with tumors (34% of the total) is note- 
worthy and surprising. Our patients 
with tumor had chronic epilepsy for as 
long as 25 years (mean, 7.7 years) and, 
as in other series of surgically treated 
epilepsy,'***°’ the convulsive disorder, 
not progressive neurologic deficit or 
intracranial hypertension, was the 
primary operative indication. While 
the Montreal, Quebec, Oxford, En- 
gland, and other groups reported tu- 
mors in close to 20% of their patients 
with intractable seizures,'*?’***’ the in- 
cidence of neoplasia was much lower in 
earlier pediatric series.''*? Neverthe- 
less, more recent series of operatively 
treated epilepsy have included a some- 
what larger proportion of neo- 
plasms.*? Goldring et al® observed 
that low-grade gliomas detected by CT 
are a frequent cause of chronic seizure 
disorders. Although Rasmussen**! re- 
ported a high likelihood of tumor in 
children who came to surgery with in- 
tractable epilepsy, the opposite is re- 
ported in other pediatric series. It is 
possible that slowly growing and oth- 
erwise asymptomatic brain tumors 
may be a more frequent cause of pro- 
tracted seizure disorders in children 
than in adults. 

Our patients with nonneoplastic 
pathologic findings were also signifi- 
cantly different from those described 
in other articles. Although reports on 
the incidence of cicatrix as a cause of 
intractable seizures have ranged from 
4% to 20,65 we found only one 
among 35 consecutive patients who 
underwent surgery. 

Our limited experience with chronic 
encephalitis (two patients) was dis- 
heartening; surgery brought no bene- 
fit. The outcome was also poor in two 
other patients with epilepsia partialis 
continua who may have had encepha- 
litis but whose histologic features war- 
ranted only a “nonspecific” classifica- 
tion. Although others have published 
similar results in encephalitis,‘ more 
encouraging surgical outcomes have 
been reported also.*5%63 Of such cases, 
15% to 30% may be cured,*!**** espe- 


cially if the surgical resection is ex- 
tensive (eg, hemispherectomy) and 
done after progression of the encepha- 
litic process has ceased, which was not 
true in our cases.” 


Timing of Surgery 


There would seem to be considerable ~ 


advantage, in terms of limiting human 
suffering, by controlling seizures as 
early in life as possible. No inherent 
reason exists to delay surgery for sei- 
zures in patients who meet reasonable 
criteria. A long latency between the 
onset of epilepsy and surgery may 
predispose to poorer postoperative sei- 
zure control, particularly when the 
underlying pathologic process is neo- 
plasia. The observations, albeit on few 
patients, that those with greater pre- 
operative duration of seizures tended 
to have poorer results suggest that the 
duration of extratemporal partial sei- 
zures may influence the outcome from 
surgery; consequently, an earlier op- 
eration may lead to better results. This 
interpretation is consistent with the 
concept of kindling and secondary 
epileptogenesis.*** A series that is 
very much larger would be necessary 
to definitively answer this question. 
The high incidence of unsuspected tu- 
mors in refractory partial epilepsy of 
childhood is another reason to favor 
early surgery; results should be more 
favorable in patients with neoplasia if 
the operation is performed at a time 
when the neoplasm is smaller or, per- 
haps, less anaplastic. However, when 
the underlying pathologic process is a 
smoldering inflamation, early surgical 
intervention is likely to be unsuc- 
cessful; outcome is also unfavorable 
in patients with nonspecific pathologic 
processes, probably because the abnor- 
mality extends beyond the limits of the 
resection. 

In retrospect, we believe that rela- 
tively few of our cases were operated 
on at the optimal age; surgery was de- 
layed in most patients much longer 
than necessary. The fact that results 
were usually satisfactory in our pa- 
tients who underwent surgery beyond 
adolescence means that there were 
probably years of needless suffering 
from epilepsy and the effects of anti- 
epileptic medications. Paradoxically, 
patients with anatomically well-de- 
fined and nonprogressive lesions (eg, 
vascular malformations) often had the 
longest delay between onset of seizures 
and surgery. It seems reasonable to 
believe that these patients, usually 
free of seizures after surgery and free 
of neurologic deficits before and after 
surgery, would have benefited greatly 
from earlier intervention. 
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P300 Brain Activity in Seizure Patients 
Preceding Temporal Lobectomy 


Charles A. Nelson, PhD; Paul F. Collins; Fernando Torres, MD 


è Event-related potentials were re- 
corded over occipital and parietal scalp 
from 20 patients suffering from intractable 
partial complex seizures prior to undergo- 
ing a temporal lobectomy. Subjects were 
presented with language and nonlanguage 
visual stimuli using a divided-field, ‘‘odd- 
ball’ paradigm. Although behavioral per- 
formance (button-press accuracy, reac- 
tion time, and running counts) was com- 
parable across all groups (although 
accuracy was worse for those in the left 
temporal group), patients showed tremen- 
dous variability in both the amplitude and 
latency of the P300 response. Particularly 
notable was the observation that more 
slow wave activity was present among the 
patients than among the control subjects, 
and those scheduled for a left temporal 
resection evinced more amplitude reduc- 
tion than those scheduled for a right tem- 
poral resection. In addition, a number of 
patients appeared not to show a P300 re- 
sponse at all. These results are discussed 
in the context of the utility of using nonin- 
vasive event-related potential measures 
to examine both memory impairment and 
the integrity of the neural structures that 
mediate memory functioning in certain 
patient populations. 

(Arch Neurol. 1991;48:141-147) 
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Thre recording of endogenous brain 

activity as reflected by event-re- 
lated potentials (ERPs) has provided a 
useful metric for assessing a variety of 
cognitive abilities in the human adult.' 
Of the many components that have 
been studied, the P300 response has 
received the most attention. The 
P300 is a positive-going wave of the 
ERP with a latency greater than 250 
milliseconds (although it generally oc- 
curs between 300 and 600 milliseconds 
after stimulus onset), is most pro- 
nounced at parietal scalp, and is not 
specific to any one sense modality.’ Al- 
though unanimity on the meaning of 
the P300 wave is absent, a large body 
of research suggests that the response 
indexes some form of explicit or de- 
clarative memory, such as a subject’s 
overt attempt to update working 
memory.** 

Considerable attention has been di- 
rected toward the study of the neural 
structures responsible for generating 
the P300 response. For example, using 
noninvasive measures of magnetic ac- 
tivity (superconducting quantum in- 
terference device [ie, SQUID]) in neu- 
rologically normal individuals, Kauf- 
man and colleagues’ have reported 
neuromagnetic correlates of the P300 
wave generated in the hippocampus. 
Similarly, Halgren,*® McCarthy and 
Wood,” McCarthy and colleagues," 
Stapelton and Halgren,’? and Wood et 
al, using indwelling electrodes in ep- 
ileptic populations, have also reported 
P300 correlates generated in medial 
temporal lobe (MTL) structures (the 
hippocampus in particular), although 
there is some disagreement as to ex- 
actly where in the hippocampus this 


response originates,*" and whether 
the hippocampus is the only source of 
scalp-recorded P300 activity. 

If the proposal is correct that the 
P300 wave reflects a form of explicit or 
declarative memory that is mediated 
by MTL structures, this late ERP com- 
ponent should, in principle, have tre- 
mendous clinical utility in assessing 
certain forms of memory impairment, 
as well as the integrity of the MTL 
structures that support explicit mem- 
ory. An example of a population that 
might profit from such an examination 
is patients suffering from intractable 
partial complex seizures. For example, 
Puce et al'* reported that 81% of indi- 
viduals with unilateral temporal lobe 
epilepsy manifested little, if any, P300 
activity ipsilateral to the seizure focus, 
although prominent P300 activity was 
evident in most of these same individ- 
uals from the nonepileptogenic lobe. 
These findings were obtained from 
depth electrodes implanted in the hip- 
pocampi and are in agreement with 
other reports using comparably inva- 
sive measures.’ To date, however, there 
are no extant studies in which this is- 
sue has been examined noninvasively 
before surgery. In this article, we dis- 
cuss the findings from a comparable 
group of patients observed using sur- 
face-recorded ERPs before undergoing 
a temporal lobe resection. 


PATIENTS AND METHODS 


Twenty patients scheduled for either a 
left temporal lobectomy (LTL) (n = 10) ora 
right temporal lobectomy (RTL) (n = 10) 
served as subjects. Five strongly right- 
handed normal volunteers served as con- 
trols. Informed consent was obtained from 
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Table 1.—Background and Neuropsychological Profile of Patients * 










































































Patient No./ Hand Language WAIS 
Age, y/Sex Preference Dominancet Education, y _(FSIQ) WMS MQ 
Background and Profile 
1/33/F Mixed L 9 99 
2/32/F R L 16+ 106 
3/41/F R L 12 112 
4/32/M R L 12+ 102 
5/37/F R L 16 114 
6/32/M R L 12 93 
7/54/M R L 16 108 
8/26/M Bilateral L, some R 13 80 
9/23/M R L 12 89 83 
10/29/M L R 12, special 87 70 







education 































11/21/F R E 16 117 105 

12/29/F R b 8ł 93 100 
uncertain R 

13/48/F R, bilateral , some R 9 84 77 










14/32/F 
15/23/F 
16/37/M 
17/26/F 
18/36/M 
19/23/M 








































R 12, special 
education 




































20/20/M R L 13 
Means (SD) for Patient Groups 
RTL (n = 10) 31 (8.1) att say 11.9 101.7 100.9 
(2.7) (13.1) (14.0) 
LTL (n = 10) 30.8 (10.0) 12.8 94.7 87.7 
(1.5) (12.6) (19.3) 





* WAIS indicates the Wechsler Adult Intelligence Scale; FSIQ, Full Scale Intelligence Quotient; WMS, Wechsler 
Memory Scale; MQ, Memory Quotient; RTL, right temporal lobectomy; and LTL, left temporal lobectomy. 

tin all cases, dominance was determined by the amobarbital sodium procedure. 

This patient's religious affiliation dictated that public education terminate at grade 8. 


Table 2.—Seizure History 


Seizure 
Focus 


Family 
History 


Seizure 
Duration, y 


History 


Age at 


Patient No. Onset, y 


None 
None 
None 


















































Right temporal lobectomy 
(n = 10) 
Left temporal lobectomy 
(n = 10) 
* Determined by noninvasive measures (eg, electroencephalogram). 
+Determined by grid or depth recording. 
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all subjects after the experimental proce- 
dures had been explained. The neuropsy- 
chological and medical profiles of the pa- 
tients are illustrated in Tables 1 and 2. As 
is seen in Table 1, the amobarbital sodium 
procedure indicated left hemisphere domi- 
nance for language in 19 patients (although 
three of these had had some right hemi- 
sphere language function) and right-hemi- 
sphere dominance in one patient (patient 
10). All patients underwent surgery after 
being tested. 

Silver chloride electrodes were attached 
to the scalp with collodion at O,, O, Oz Ps, 
P,, and P, according to the International 
10/20 System and referenced to linked ear- 
lobe electrodes. A ground silver chloride 
electrode was placed on the forehead. All 
impedances were less than 5 kQ. A bipolar 
electro-oculogram (EOG) was recorded us- 
ing miniature electrodes placed on the su- 
praorbital ridge and the outer canthus of 
the right eye. Impedances for the eye elec- 
trodes were generally below 5 kQ. 

Both electroencephalographic (EEG) and 
EOG signals were amplified and filtered 
(model 125A5, Grass Instruments, Quincy, 
Mass). For the EEG, gain was set to 100000, 
while for the EOG gain was set to 5000. For 
both EEG and EOG, the band-pass filter 
was set at 0.1 to 30 Hz, with a 60-Hz notch 
filter in place. All signals were monitored 
on-line by a signal averager (Tracor North- 
ern Signal Averager, Northern Scientific 
Inc, Madison, Wis) configured as a scope, 
and were digitized on-line every 5 millisec- 
onds (200 Hz) for 1100 milliseconds, begin- 
ning 100 milliseconds before the presenta- 
tion of the stimulus (pre-event baseline). 

Subjects were seated in a chair in front of 
a rear-projection screen. Side panels oc- 
cluded the subject’s peripheral vision, and 
all testing took place in the dark. Stimuli 
(see below) were rear projected onto the 
half-field screen for 100 milliseconds. The 
interval between trials varied randomly 
between 500 and 1000 milliseconds. 

The stimuli consisted of black-and-white 
slides of the word bat presented in upper- 
case letters and a set of Chinese characters. 
(The stimuli and experimental design were 
selected as part of a series of studies at- 
tempting to assess the lateralization of 
language function, an objective that is not 
central to the data discussed herein. See 
reference 15.) Each of these stimuli was 
embedded in a checkerboard matrix con- 
taining twenty-two 1-cm checks along the 
vertical axis and twenty-eight 1-em checks 
along the horizontal axis (ie, a 22 X 28-cm 
array of checks). The density of the two 
stimuli (in terms of factors such as charac- 
ter width and lines per millimeter) was 
comparable, and the stimuli were matched 
for luminance. The word bat and the Chi- 
nese characters each subtended approxi- 
mately 5 degrees 5 minutes when viewed 
from a distance of 90 cm; the entire slide (ie, 
including the checkerboard field) subtended 
18 degrees 4 minutes horizontally and 13 
degrees 30 minutes vertically when viewed 
from this same distance. The stimuli were 
presented on a half-field screen with each 
stimulus aligned with the center fixation 
point and moving outward left or right. 
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Subjects were tested with the two stimuli 
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Fig 1.—Grand-average difference waveforms (80% nontarget subtracted from 20% target) for control sub- 
jects (CNTL) (dashed line), those who underwent a left temporal lobectomy (LTL) (light solid line), and those 
who underwent a right temporal lobectomy (RTL) (dark solid line) to left visual field (LVF) presentations of 
the word bat for left parietal (P4), midline (P,), and right parietal (P,) leads. The grand average was com- 
puted by averaging each subject's average response (n = 5 for control subjects and n = 10 for each of 
the two patient groups). Note ordering of P300 amplitude, with control subjects showing most amplitude fol- 
lowed by those who underwent an RTL and then those who underwent an LTL. Positive is up. 
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Fig 2.—Grand-average difference waveforms (80% nontarget subtracted from 20% target) for control sub- 
jects (CNTL) (dashed line), those who underwent a left temporal lobectomy (LTL) (light solid line), and those 
who underwent a right temporal lobectomy (RTL) (dark solid line) to right visual field (RVF) presentations 
of the word bat for left parietal (P;), midline (P,), and right parietal (P,) leads. The grand average was com- 
puted by averaging each subject’s average response (n = 5 for control subjects and n = 10 for each of 
the two patient groups). Note ordering of P300 amplitude, with control subjects showing most amplitude fol- 
lowed by those who underwent an RTL and then those who underwent an LTL. Positive is up. 
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paired in a simple 20% -80% “oddball” task. 
Each stimulus served as a target (random 
20% occurrence) and as a nontarget (80% 
occurrence) event separately within two 
trial blocks of 200 trials each. Subjects re- 
ceived four such trial blocks, two of which 
involved stimulating the right visual field 
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and two of which involved stimulating the 
left visual field, producing a total of 800 tri- 
als presented to each subject. The order of 
presentation was counterbalanced across 
subjects. Subjects were asked to push a 
button, using their preferred hand, when- 
ever a target appeared; they were also asked 
to keep a running count of the targets. At 


the end of each condition, the patient re- 
ported this count to the experimenter. 


Artifact Rejection 
Any trial that contained an EOG signal 


that exceeded 25 uV resulted in rejecting 
the entire trial from subsequent analysis. 
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Any EEG signal that exceeded analog- 
to-digital values for more than 50 millisec- 
onds at a given lead resulted in rejecting the 
data from that lead; if artifacts occurred at 
more than two leads, the entire trial was 
rejected. In this manner, only artifact-free 
data were used in the final data analysis. 


RESULTS 


The findings of the control subjects 
have been reported in detail else- 
where’; therefore, these data will only 
be abstracted here. In addition, al- 
though a stimulus factor (ie, the word 
bat vs the Chinese characters) was en- 
tered into most statistical analyses, 
the discussion will be restricted to 
when the word bat served as the target 
event, as discrimination between pa- 
tient groups was always stronger for 
this stimulus than it was for the Chi- 
nese characters. 


Summary of Control Subjects’ 
Performance 


In brief, the analysis of the control 
subjects’ behavioral data revealed that 
running counts of target presentations 
(n = 40 in each condition) were nearly 
perfect, as was button-press accuracy 
(M = 39.8 and 39.4 for the right visual 
field and the left visual field, respec- 
tively). As would be expected, running 
counts, accuracy, and reaction times 
did not differ across the experimental 
manipulation (eg, accuracy was the 
same regardless of the visual field to 
which the target stimulus was pre- 
sented). With regard to the ERP data, 
control subjects evinced prominent 
P300 activity to all target events. Re- 
stricting discussion to parietal leads, 
where P300 activity was most promi- 
nent, the amplitude difference scores 
for right-handed subjects were larger 
and more strongly lateralized over the 
left, language-dominant hemisphere 
for right visual field presentations 
(10.8 uV at P, vs 8.0 uV at P,) than for 
left visual field presentations (8.6 nV at 
P, vs 7.4 uV at P,). (See reference 15 for 
a more complete discussion of these 
results.) 


Patient-Subjects’ Performance 


Behavioral Performance.—Patients’ 
running counts were generally accu- 
rate across all conditions. Data analy- 
sis was, therefore, restricted to button- 
press accuracy and the resulting reac- 
tion times. 

Button Press Accuracy.—A Group 
(LTL or RTL) X Visual Field (left or 
right) X Stimulus (the word bat or the 
Chinese characters) repeated-mea- 
sures analysis of variance (ANOVA) 
was computed on button-press accu- 
racy. This analysis revealed a signifi- 
cant interaction between group, visual 
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Fig 3.—Superimposition of each subject's average against all other subjects’ averages for con- 
trol subjects (top panel), those who underwent a left temporal lobectomy (LTL) (middle panel), and 
those who underwent a right temporal lobectomy (RTL) (bottom panel) to left visual field presen- 
tations of the word bat for left parietal (P4), midline (P,), and right parietal (P,) leads. Each average 
was computed by averaging all artifact-free trials. The data displayed are for the five control sub- 
jects and for the 10 LTL and 10 RTL patients. Positive is up. 


field, and stimulus (F = 7.14 [1,18], 
P < .02). Specific follow-up tests (the 
Newman-Keuls procedure for Stu- 
dent’s t test) revealed that the two pa- 
tient groups did not differ from one 
another in their responses to the word 
bat presented in the right visual field 
(M = 37.4 and 37.3 for right and left 
temporal lobe groups, respectively). 


However, those in the left temporal 
lobe group performed significantly 
worse than did those in the right tem- 
poral lobe group in their responses to 
the word bat presented in the left 
visual field (M = 40.0 and 35.1 for right 
and left temporal lobe groups, respec- 
tively). 


Reaction Time.—Mean reaction 
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i Fig 4:—Superimposition of each subject’s average against all other subjects’ averages for con- 
-Arol subjects (top), those who underwent a left temporal lobectomy (LTL) (middle), and those who 


ue underwent a right temporal lobectomy (RTL) (bottom) to right visual field presentations of the word 
"pat tor left parietal (P,), midline (P,), and right parietal (P,) leads. Each average was computed by 
“averaging all artifact-free trials. The data displayed are for the five control subjects and for the 10 


LTL and 10 RTL patients. Positive is up. 


times for the word bat to both visual 
fields for the two patient groups and 
the control group ranged from 588 to 
601 milliseconds; a repeated-measures 
ANOVA computed on reaction times 
identical to those computed on button- 
-press accuracy revealed no significant 
«differences between the two patient 
_ groups. 

_ ERP Analyses.—Difference wave- 
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forms were computed via point-by- 
point subtraction of average nontarget 
from average target waveforms in 
each condition (Figs 1 through 4). The 
grand-average difference waveforms 
at parietal leads for patient and con- 
trol subjects can be seen in Figs 1 and 
2; Figs 3 and 4 present each subject’s 
average waveform superimposed on 
the average waveforms of all other 






subjects in the group. 

Inspection of Figs 1 and 2 reveal: 
that the patients’ grand-average dif- 
ference waveforms are more irregular 
and less sharply peaked than are those 
of the control subjects. Reduced am- 
plitude in the P300 latency range is 
also evident, particularly for the LTL 
patients. However, the most notable 
differences between the patient and 
control groups can be seen in Figs 3 
and 4. Here, it is evident that the dif- 
ference waveforms are considerably 
more variable among the patients than 
they are among the control subjects in 
terms of both the clarity and the la- 
tency of P300 peak amplitudes; overall, 
LTL waveforms appear to be more 
clearly deviant from contro! wave- 
forms, especially with right visual 
field presentations (Fig 4). 

Because many patients’ ERPs con- 
tained slow-wave activity rather than 
peaked components, areas were inte- 
grated relative to the prestimulus 
baseline for amplitude deflections in 
the interval between 300 and 1000 mil- 
liseconds. These areas were calculated 
separately on target and nontarget. 
ERPs within each experimental con- 
dition, and statistical analyses were 
performed on difference scores com- 
puted by subtraction of nontarget ar- 
eas from target areas. A Group (LTL 
or RTL) X Visual Field (left or 
right) X Stimulus (the word bat or the: 
Chinese characters) X Lead (O, and P,) 
repeated-measures ANOVA of these 
area difference scores revealed a sig- 
nificant interaction between visual 
field and group for the midline leads. 
(F = 5.61 [1,18], P < .05). An identical 
ANOVA for the lateral leads (0,, 0,, Pa, 
and P,) revealed a somewhat smaller 
effect for the same interaction 
(F = 3.70 [1,18], P < 07). Specific fol- 
low-up tests (the Newman-Keuls pro- 
cedure for Student’s ¢ test) revealed 
that right visual field presentations of 
the word bat invoked much larger P300 
area-difference scores at parietal. 
leads for the RTL group than for the 
LTL group; in contrast, RTL responses. 
decreased during left visual field pre- 
sentations of the word bat while LTE 
responses increased slightly. These 
findings are illustrated in Table 3 and: 
in Fig 5. 

Statistical analysis of both patient 
and control ERPs was not conducted; 
because ANOVAs have little power to 
detect differences when groups are 
relatively small and unequal in size, as 
in this study. However, when patients’ 
area-difference scores were inspected 
relative to those of the control sub 
jects, the trend across lateral parietal | 
leads was for right visual field presen- 
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Table 3.—Mean ERP Area Difference Scores” 












Left Visual Field 
a ennenen aa a, 


Right Visual Field 
OO OCLC LLC OCA, 














Lead LTL RTL LTL RTL 
O, 86 (1182) ___ 500 (1546) 1083 (2167) 2315 (3176) 
O: 768 (1045) 417 (2231) 698 (1488) 1860 (2619) 

O 515 (1524) ___ 534 (1505) 227 (1263) 2205 (3203) 
“Py 1728 (3883) 1613 (2401) 1637 (2149) 3667 (3821) 





P, 2534 (2426) 1569 (3261) 2254 (1993) 4101 (4136) 
P, 1241 (2136) 1411 (3254) 1422 (850) 3010 (3674) 
*Event-related potentials (ERP) areas were integrated relative to prestimulus baseline for sustained ampli- 


tude deflections in the interval from 300 to 1000 milliseconds. See text for computation of difference scores. 
Means are displayed only for blocks of triais in which the word bat was the target stimulus. Standard deviations 
















“are in parentheses. LTL indicates left temporal lobectomy; RTL, right temporal lobectomy. 
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, Fig 5.—lllustration of mean area difference scores for Group (right temporal lobectomy [RTL] or 
left temporal lobectomy [LTL]) X Visual Field (right or left) interaction reported in text. The thick 
“line represents the responses of patients scheduled for an RTL, while the thin line represents the 

















tations of the word bat to invoke the 
greatest area-difference score for the 
RTL group, followed by the control 
“gubjects (46% smaller than RTL 
group) and then the LTL group (67% 
-smaller than RTL group). With left 
visual field presentations of the word 
bat, area-difference scores for the RTL 
and control groups were both reduced 
relative to right visual field presenta- 
tions of the word (44% and 4% 
smaller, respectively); however, the 
-LTL group scores increased (30% 
_larger). 
-Relation Between Patients’ ERPs and 
-Verbal Memory Neuropsychological Pro- 
file.—An examination of patients’ 
“Wechsler Memory Seale scores sug- 
gested that memory impairment was 
reflected by two different ERP mani- 
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responses of patients scheduled for an LTL. ANOVA indicates analysis of variance. 


festations, and that these occurred 
primarily when stimuli were delivered 
to the affected hemisphere of each pa- 
tient. Specifically, verbal memory im- 
pairment in the LTL group was related 
to decreased P300 area, as indicated by 
moderate positive correlations of ac- 
tivity at the left parietal lead during 
right visual field presentations with 
immediate and delayed Logical Mem- 
ory scores (.41 and .35 for immediate vs 
delayed recall, respectively). In con- 
trast, verbal memory impairment in 
the RTL group was related to in- 
creased P300 area, primarily in the 
form of diffuse slow-wave activity in 
target waveforms, as indicated by neg- 
ative correlations of parietal activity 
during left visual field presentations 
with the same Logical Memory recall 


“scores (—.52 and —.63 for immediate 


and delayed recall, respectively). In 
this context, one RTL case can be seen 
in Fig 3 as an outlier with markedly 
delayed, predominantly slow-wave ac- 
tivity only when the word bat was pre- 
sented in the right visual field. This 
RTL patient (excluded from the corre- 
lations. above) demonstrated signifi- 
cant verbal memory impairment on 
the Wechsler Memory Scale as well as 
partial right hemisphere language 
representation on the amobarbital so- 
dium procedure. 


COMMENT 


Unlike the control subjects, patients 
did not display significant patterns of 
lateralized scalp P300 activity in re- 
sponse to the right vs left visual field 
presentations of a verbal stimulus, de- 
spite the fact that 19 of 20 patients 
were left hemisphere dominant for 
language (as, presumably, were the 
right-handed control subjects). In- 
stead, a less precise effect of visual 
field alone was observed in that RTL 
patients displayed greater P300 activ- 
ity across all parietal leads in response 
to right visual field stimulus presenta- 
tions. Such findings are not surprising, 
considering the morphological differ- 
ences in the P300 activity recorded in 
the patients relative to the control 
subjects. Although most RTL patients 
displayed a “control-like” P300 peak in 
response to half-field presentations of 
a verbal stimulus, this deflection con- 
tained considerable overlapping slow- 
wave activity as well. Moreover, LTL 
patients displayed an irregular wave- 
shape and a general reduction in P300 
area that was most noticeable when 
the word bat was presented to the left 
(dominant) hemisphere. The relatively 
slower and more irregular ERP activ- 
ity of the patients apparently impeded 
localization of verbal memory effects 
in terms of scalp topography, since 
such localization was achieved using 
the clearly defined P300 peaks of con- 
trol subjects," 

Aberrant P300 activity among our 
LTL patients is consistent with reports 
of P300 reduction, measured intracra- 
nially, ipsilateral to seizure focus, 44 
although the current scalp-recorded 
effects depended on half-field stimulus 
presentations rather than electrode 
recording sites. The restriction of P300 
amplitude reduction to LTL patients 
only is also consistent with their rela- 
tively greater neuropsychological im- 
pairment (Table 1) and the verbal con- 
tent of the oddball task. Presumably, 
RTL patients would have demon- 
strated reduction in P300 amplitude if 
a purely abstract (unnameable) spa- 
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tial stimulus had been employed, as 
compared with the Chinese characters 
serving as a linguistic control stimulus 
in the current study. 

The scalp-recorded effects for the 
LTL group are quite comparable with 
those noted by Puce et al, who re- 
corded P300 activity in patients using 
indwelling electrodes. In this context, 
our findings are encouraging. in two 
respects. First, additional support is 
now provided for the proposition that 
measurement of P300 activity can be 
used to assess the integrity of the neu- 
ral structures that underlie explicit 
memory. Second, it appears that this 
assessment can be accomplished non- 
invasively, provided that appropriate 
experimental manipulations are em- 
ployed, such as half-field presentation 
of verbal and nonverbal material. A 
more clinically relevant extension of 
the methodology in this study would be 
to employ a more complex task using 
verbal and nonverbal stimuli from 
neuropsychological tests with demon- 
strated sensitivity to lateralized or 
“material-specific” memory processes. 
For example, one could pretest pa- 
tients with lists of words and unname- 
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able shapes from short-term memory 
tasks (eg, the Logical Memory and 
Visual Reproduction subtests of the 
Wechsler Memory Scale) and then con- 
duct ERP testing in which patients are 
required to discriminate half-field pre- 
sentations of previously unencoun- 
tered words and shapes from those en- 
coded during pretesting. 

Although this report is, to the best of 
our knowledge, the first to describe 
P300 activity recorded noninvasively 
in patients with temporal lobe partial 
seizures prior to surgery, note that 
similar work has been done with pa- 
tients many years after they under- 
went a temporal lobectomy. In this line 
of investigation, Johnson'* has re- 
ported that P300 amplitude and la- 
tency in individuals who had under- 
gone unilateral resection of the tem- 
poral lobe (including the pes, uncus, 
amygdala, and the anterior portion of 
the hippocampal complex) were simi- 
lar to those of normal control subjects. 
The current results suggest that P300 
morphologic activity is considerably 
more irregular and variable in pa- 
tients prior to undergoing a temporal 
lobectomy than it is in neurologically 
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intact individuals. Furthermore, our 
results suggest that memory impair- 
ment may be manifested in various al- 
terations of ERP morphology, which ` 
are generated by the interaction of a 
patient’s specific underlying neural 
dysfunction with the specific nature of 
the memory task imposed. Both pre- 
operative and postoperative testing, 
therefore, appears to be necessary be- 
fore inferences can be drawn regard- 
ing memory functions and generators 
of scalp-recorded ERP components in 
epileptic populations. 
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Cognition-Independent Neurologic Symptoms in Normal 


Aging and Probable Alzheimer’s Disease 


Emile H. Franssen, MD; Barry Reisberg, MD; Alan Kluger, PhD; Elia Sinaiko, PhD; Conrado Boja, MD 


e Deep tendon reflexes, plantar re- 
sponses, muscle tone, and release signs 
were studied as 14 individual clinical vari- 
ables and as five summary variables in 135 
aged subjects, including 27 control sub- 
jects, 20 subjects with mild cognitive im- 
pairment, and 88 subjects with successive 
stages of probable Alzheimer’s disease. 
Changes in activity of elicited responses 
were rated on a seven-point scale. Results 
were analyzed both as prevalence and 
mean degree of change in activity. Rating 
on a variable combining all 14 individual 
variables was significantly higher in a 
group with mild cognitive impairment than 
in a control group. Subjects with an early 
stage of Alzheimer’s disease had both 
higher prevalence of increased activity 
and increased mean scores of deep ten- 
don reflexes and muscle tone. They had a 
higher prevalence of increased activity on 
a variable combining three release signs. 
Patients with a late stage of Alzheimer’s 
disease had significantly increased preva- 
lence and mean scores of muscle tone and 
grasping and sucking reflexes compared 
with control subjects and patients with the 
early stage of Alzheimer’s disease. 

(Arch Neurol. 1991;48: 148-154) 


Alzheimer's disease (AD) is an insid- 

ious and slowly progressive form 
of dementia with widespread and char- 
acteristic neuropathologic changes.'? 
In a majority of cases, gross impair- 
ment of motor function is not obvious 
in the early stages of the illness. Am- 
bulation is not seriously impaired un- 
til language and other cognitive pro- 
cesses have been severely compro- 
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mised,** but in the late stage of the 
illness it declines rapidly.*° 

Changes in deep tendon reflexes, 
plantar responses, and muscle tone 
may be early signs of disturbed motor 
function, but they can also accompany 
normal aging.’ Increased muscle tone 
has been reported as the most common 
motor abnormality related to increas- 
ing severity of dementia in patients 
with probable AD.’ Release signs (also 
referred to as primitive, developmen- 
tal, or neonatal reflexes, or, alterna- 
tively termed, cortical or frontal dis- 
inhibition signs) are commonly asso- 
ciated with dementia, but may also 
occur in healthy elderly individuals.” 
They are strongly associated with the 
severity of dementia.” 

Reflex testing ranks as the premier 
objective measure of nervous system 
integrity.’ Reflexes can be evaluated 
throughout the entire course of de- 
mentia, including the end stage when 
cognitive testing results in uniform 
bottom scores.'*” As such, they may be 
useful as independent markers of dis- 
ease progression and as indicators of 
potential therapy.” 

The existing literature shows con- 
siderable variability in reported inci- 
dence and significance of specific re- 
lease signs in dementia. Possible ex- 
planations are differences in the stage 
of dementia during which these signs 
are elicited, differences in methods or 
scoring, and inclusion of dementia of 
various causes. 

We report the results of a cross-sec- 
tional investigation of deep tendon re- 
flexes, plantar responses, muscle tone, 
and release signs rated on a seven- 
point activity scale in a group of 135 
elderly subjects. Because it is impor- 
tant to eliminate changes associated 
with normal aging, we have included a 
control group of healthy community- 
residing and well-functioning aged 


subjects. The study group encom- 
passes the entire range of subjects 
from healthy normal elderly and 
mildly cognitively impaired subjects 
to patients with end-stage AD. 


SUBJECTS AND METHODS 
Subjects 


We studied 135 consecutive community- 
residing and nursing home-residing elderly 
persons, including normal elderly control 
subjects with and without subjective mem- 
ory impairment (n= 27), patients with 
mild objective cognitive impairment (n = 
20), and patients with AD in all stages of 
severity (n = 88). All cognitively impaired 
patients had been living normal lives before 
the onset of their illness. Their mean edu- 
cational level was 13.1 years. Informed con- 
sent was obtained after the nature of the 
procedure had been fully explained. All pa- 
tients with the diagnosis of AD fulfilled the 
National Institute of Neurological and 
Communicative Disorders and Stroke- 
Alzheimer’s Disease and Related Disorders 
Association criteria for a clinical diagnosis 
of probable Alzheimer’s disease.” All sub- 
jects underwent neurologic, psychiatric, 
and physical examinations, as well as a 
comprehensive neuropsychological test 
battery, selected for its sensitivity to cog- 
nitive deficit in aging and dementia, includ- 
ing tests for evaluation of recent memory, 
attention, psychomotor speed, language, 
visuospatial function, and praxis. Also for 
all subjects, electrocardiograms; routine 
laboratory tests including thyroid function, 
serum B, and folate levels; and either com- 
puted tomographic or magnetic resonance 
imaging scans of the brain were performed. 
Excluded from the study were all individu- 
als with conditions known to adversely af- 
fect cognition or functioning, ie, patients 
with a history of head trauma with result- 
ing neurologic sequelae, history of seizures 
prior to the onset of AD, Parkinson’s dis- 
ease with its onset prior to the onset of AD, 
mental retardation, psychosis, or depres- 
sion, as well as patients with vascular 
dementia whose Modified Ischemia Scale 
score was 4 or greater,” patients with evi- 
dence of Binswanger’s disease, and patients 
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A rating of 1 denoted absence of the sign, a 
rating of 7 indicated an absence of habitu- 
ation with a persistent response to the re- 


Table 1.— Subject Characteristics * 












































Mean'Age, y Mean MMSE peatedly applied stimulus (more detailed 

ee GDS Stage n Men n Women N Total Score sea Tao of the E RA na for 
i 1 and 2 9 6974123 18 58.7474 27 68.7 +12.1 290Ł 1.2 RH BF). Ogle Variable are available Irom. 
3 6 708+ 14.1 14 736+ 64 20 728+ 9.1 249+ 3.3 “Ror deep tendon reflexes, plantar re- 

4 8 706+83 26 725+70 33 721+7.3 20.1 + 3.4 sponse, and muscle tone (paratonic rigidi- 

5 16 71.6 + 9.0 15 76.0 + 8.8 31 7372+90 14.7 + 3.3 ty), an abnormal response in both upper 

6 5 77.7 + 67 12 71.5 + 8.7 17 T33 85 7.3 + 5.4 and/or both lower extremities was regis- 

7 1 87.6 + 0.0 6 815455 7 824+ 55 0.0 + 0.0 tered as abnormal. Responses were usually 

Total subjects 45 72.0 +10.1 89 729+92 135 726+95 18.8 + 8.6 symmetrical, but occasionally, slight asym- 


metrical responses occurred. In these in- 


“Values are mean + SD. GDS indicates Global Deterioration Scale; MMSE, Mini-Mental State Examination. 7 
stances, the higher scores were entered. 


See “Measures” section for explanation of GDS stages. 


with peripheral neuropathy or with signif- 
icant arthropathy. Table 1 shows the de- 
mographie characteristies of subjects at the 
time of their examination. There were no 
differences in racial or ethnic makeup in 
any clinical severity group. 


Measures 


The severity of cognitive and functional 
impairment was assessed using the Global 
Deterioration Scale (GDS)* and the Mini- 
Mental State Examination (MMSE).” Ta- 
ble 1 shows the GDS scores with corre- 
sponding mean MMSE scores of the study 
subjects. The GDS stages can be summa- 
rized as follows: GDS 1, no subjective com- 
plaints of memory deficit and no memory 
deficit on clinical interview; GDS 2, subjec- 
' tive complaints of memory deficits with no 

objective deficits in employment or social 

situations; GDS 3, earliest clear-cut deficit 
with objective evidence of deficit on detailed 
interview and decreased performance in 
demanding employment and social set- 
tings; GDS 4, clear-cut deficit on careful 
clinical interview manifest in such areas as 
decreased knowledge of current and recent 
events and concentration deficits on serial 
subtractions, with decreased ability in per- 
formance of complex tasks such as manag- 
ing finances or preparing dinner for guests; 

GDS 5, deficit sufficient to interfere with 

independent community survival, with in- 

ability to recall major relevant aspects of 


ycurrent and past life during the clinical in- 


" terview (eg, address or telephone number of 
many years or names of certain close fam- 
ily members, or the names of schools at- 
tended for years and from which the sub- 
jects may have graduated); GDS 6, deficits 
in daily life activities such as dressing and 
bathing, with general lack of awareness re- 
garding recent events and life experiences 
and sketchy knowledge of personal history; 
and GDS 7, deficit sufficient to require 
assistance with toileting and feeding, with 
both urinary and fecal incontinence, with 
severely circumscribed or entirely absent 
verbal abilities, and, ultimately, with loss 
of ambulatory skills. The subject popu- 
lation consisted of 27 control subjects 
(GDS stages 1 or 2), 20 subjects with mild 
but objectively demonstrable impairment 

“(GDS stage 3), and 88 subjects with mod- 
‘erate to very severe impairment from 
probable AD (GDS stages 4 through 7) 
(Table 1). 

Established procedures were used for ex- 
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amination of deep tendon reflexes and plan- 
tar responses,” muscle tone (ie, paratonic 
rigidity), and release signs.” Four deep 
tendon reflexes (biceps, triceps, quadriceps, 
and gastrocnemius-soleus), as well as the 
plantar responses, presence of paratonic 
rigidity (also referred to as paratonia and 
defined as an irregular opposition of the 
musculature of the limb to passive manip- 
ulation), and eight release signs (sucking 
reflex {tactile and visual], hand and foot 
grasp, rooting, snout reflex, glabellar blink 
reflex, and palmomental reflex) were 
studied. The degree of activity of these re- 
flexes was rated on a seven-point activity 
scale. On this scale, points 1, 3,5, and 7 were 
well-defined points, while points 2, 4, and 6 
were intermediate numerical scores, used 
in situations falling between the four well- 
defined points. 

For the deep tendon reflexes, the criteria 
for increased activity were any or all of the 
following: amplitude, briskness, extent of 
stimulus zone within which a specific reflex 
could still be elicited, clonus, and/or occur- 
rence of a spinal defense reflex, ie, mass 
response.” Briefly, a rating of 1 denoted a 
normal or hypoactive response; a rating of 
3 indicated a notable increase in amplitude 
and/or briskness; a rating of 5 denoted a 
distinct increase in amplitude, briskness, 
and/or extent of stimulus zone; and a rating 
of 7 denoted a very prominent, exaggerated 
response with clonus and/or spread of the 
activity to neighboring joints or a mass re- 
sponse. 

For the plantar response, a rating of 1 
denoted plantar flexion of the big toe, a rat- 
ing of 3 denoted an absence of either dorsi- 
flexion or plantar flexion of the big toe, a 
rating of 5 indicated a distinct and tonic 
(unequivocal) dorsiflexion, and a rating of 7 
denoted a dorsiflexion of the big toe with 
spreading of the toes and/or a spinal de- 
fense reflex. 

Paratonic rigidity, defined as stiffening of 
a limb in response to contact with the 
examiner’s hand and an involuntary resis- 
tance to passive changes in position and 
posture, was graded according to the 
amount of passive force necessary to elicit 
it. A rating of 1 denoted an absence of 
paratonic rigidity, whereas a rating of 7 in- 
dicated minimal passive force is required 
for elicitation of the sequence. 

With respect to release signs, habitua- 
tion, duration of response, and intensity 
were used as criteria for increased activity. 


In addition to these 14 individual neuro- 
logical measures, five summary measures, 
consisting of combinations of all or several 
measures, were studied. The four deep ten- 
don refiexes were examined as a summary 
measure. Five individual release signs, 
namely, sucking (tactile and visual), grasp- 
ing (hand and foot), and rooting, were com- 
bined in one variable called prehensile re- 
lease signs. Three other release signs, 
namely, the snout reflex, the glabellar blink 
reflex, and the palmomental reflex, were 
also combined in one variable, called noci- 
ceptive release signs. Another summary 
measure included all of the release signs 
studied. The final summary measure com- 
bined data from the 14 individual measures. 


Analysis Procedure 


With regard to the activity rating of 
neurological observations, we examined the 
findings employing three different cut-offs, 
reflecting three levels of conservativeness 
for defining an observation as hyperactive. 
The least conservative cutoff required an 
activity rating of 3 or greater, the moderate 
cutoff a rating of 5 or greater, and the most 
conservative cutoff required a rating of 7, 
signifying the highest activity on the neu- 
rologic rating measure. This approach was 
taken so that the possible emergence of 
neurologic changes in the course of the de- 
mentia process could be more adequately 
assessed (ie, before, as well as after, they 
appear as unequivocal and prominent 
signs) and to describe the evolution of neu- 
rologic changes in AD using differing crite- 
rion variables. 


RESULTS 


Results were analyzed from two dif- 
ferent perspectives: prevalence of hy- 
peractive responses using the three 
different criteria defining increased 
activity noted above and the mean ac- 
tivity rating of responses with increas- 
ing severity of dementia as measured 
by GDS stage. 


Prevalence of Hyperactive Responses 


Figures 1 through 6 plot the percent- 
ages of subjects showing hyperactive 
responses across GDS stages for some 
of the key neurological variables, using 
the three different criteria for rating a 
test response as hyperactive. With the 
exception of the nociceptive release 
signs, there was a general trend for an 
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increased prevalence of hyperactive 
responses with increasing severity of 
dementia. x? Analyses were used to 
determine which of the cognitively 
impaired groups (GDS 
through 7) evidenced a significantly 
higher prevalence of hyperactivity 
than did the normal elderly control 
subjects (GDS stages 1 and 2) for the 
key neurological variables. These x? 
analyses were carried out separately 
for each of the three criteria for rating 
aresponse as hyperactive and are sum- 
marized in Table 2. 

When all 14 separate scores ob- 
tained on deep tendon reflexes, plantar 
responses, muscle tone, and release 
signs were combined and examined as 
one single summary variable (Fig 1), 
each of the subject groups from GDS 
stage 4 through stage 7 manifested a 
significantly higher prevalence than 
did the control subjects, when hyper- 
activity was defined either by a rating 
of 3 or greater or a rating of 5 or 
greater. When the most conservative 
criterion was employed (rating of 7), 
subjects with AD at GDS stages 5, 6, 
and 7 showed significantly higher 
prevalence rates than did the control 
subjects. Interestingly, using both less 
conservative criteria, significant dif- 
ferences in prevalence were also noted 
between the patients with only mild 
but objectively demonstrable cognitive 
impairment (GDS stage 3) and the 
control subjects. 

Prevalence of hyperactive deep ten- 
don reflexes increased with severity of 
dementia but only for an activity rat- 
ing of 8 or greater and 5 or greater (Fig 
2). Prevalence of an abnormal plantar 
response (ie, nonflexor response) was 
significantly associated with an in- 
crease in cognitive decline only for a 
rating of 3 or greater in the patients 
with late stages of AD (Fig 3). Preva- 
lence of paratonic rigidity increased 
significantly with a decline in cogni- 
tion for an intensity rating of 3 or 
greater in patients with GDS stages 5 
and above, and for an intensity rating 
of 5 or greater in patients with GDS 
stages 6 and 7. Five release signs, eg, 
sucking (tactile and visual), grasping 
(hand and foot), and rooting, collec- 
tively labeled “prehensile release 
signs,” showed the same prevalence 
pattern (Fig 5). They were absent in 
control subjects (GDS stages 1 and 2) 
and in mildly cognitively impaired 
subjects (GDS stage 3), as well as in 
subjects with GDS stages 4 and 5. 
Prevalence for this measure showed a 
steep increase in the GDS stage 6 and, 
especially, GDS stage 7 (Fig 5) as com- 
pared with control subjects. 

Three release signs, ie, the snout re- 
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stages 3 





Table 2.—x? Analyses of Prevalence of Neurological Abnormality for Cognitively 
impaired Subjects in Comparison With Normal Elderly Control Subjects Using 
Differentially Strict Ratings for Neurological Abnormality * 


Neurological Variable 
Rating Required for Abnormality 


P Value in GDS Stages 





Any hyperactive neurological response 
23 





Pats) 





7 





Any hyperactive deep tendon reflexes 
23 





25 





7 





Abnormal plantar response 
=3 





2S 





7 





Paratonia response 
=3 





= 





7 





Prehensile release signs 
z3 





2s 





7 





Nociceptive release signs 
23 





25 





7 





* GDS indicates Global Deterioration scale; NS, not significant (P < .05). GDS stages 3 through 7 refer to 
cognitively impaired subjects in comparison with control subjects (GDS stages 1 and 2). See “Measures” sec- 


tion for explanation of GDS stages. 


flex, glabellar blink reflex, and the pal- 
momental reflex, collectively labeled 
“nociceptive release signs,” showed an 
increased prevalence for mildly cogni- 
tively impaired subjects (GDS stage 3) 
and in patients with probable AD at 
GDS stages 4, 5, and 6, but less gener- 
ally at GDS stage 7, as compared with 
control subjects (Fig 6). These release 
signs are not plotted individually, but 
they showed the following patterns: 
The snout reflex showed a noticeable 
increase from GDS stages 3 through 6, 
but declined again in GDS stage 7. The 
glabellar blink reflex and the pal- 
momental reflex were occasionally ob- 
served in normal control subjects 
(GDS stages 1 and 2) and were more 
prominent in GDS stages 3 through 6 
at an activity rating of 3 or greater and 
5 or greater. Only one patient in GDS 
stage 7 had a glabellar blink reflex at 
an activity rating of 7, the most con- 
servative rating. 


Mean Severity of Hyperactive Responses 


The data were also analyzed from 
the viewpoint of mean response activ- 
ity across the GDS stages (Table 3). 
When the scores of all 14 neurologic 
measures (ie, deep tendon reflexes, 
plantar responses, muscle tone, and 
release signs) were combined in one 
summary variable, each of the AD 


groups (GDS stages 4 through 7), as 
well as the mildly cognitively impaired 
group (GDS stage 3), showed a signif- 
icantly higher mean rating on this 
summary variable than did control 
subjects (GDS stages 1 and 2). With 
respect to deep tendon reflexes, each of 
the probable AD groups (GDS stages 4 
through 7) showed a higher mean 
value than did control subjects. Pa- 
tients with AD in GDS stages 5 
through 7 had significantly higher 
mean scores on paratonic rigidity than 
did control subjects. Patients in eacht? 
of these GDS stages also had higher 
mean scores on paratonic rigidity than 
did patients in the preceding GDS 
stage. With respect to the prehensile 
release signs, subjects in GDS stage 6 
had significantly higher mean ratings 
for the hand grasp reflex and the foot 
grasp reflex compared with control 
subjects and compared with subjects 
in GDS stage 5. Subjects in GDS stage 
7 had significantly higher mean rat- 
ings for the hand grasp and foot grasp 
reflexes as well as for the visual and 
tactile sucking reflexes and for the 
rooting reflex than did subjects in GDS 
stage 6. 

A one-way analysis of variance ang” 
Newman-Keuls follow-up procedure 
for age showed that the control group 
(GDS stages 1 and 2) was significantly 
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Fig 1.—Percentage of subjects showing any hyperactive neurological 
response ‘studied (ie, any hyperactive deep tendon reflex, plantar 
_ response, muscle tone, or release sign) as a function of the Global De- 
<o terloration Scale (GDS) stage, using three different ratings of hyperac- 
tivity. 
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Fig 3.—-Percentage of subjects showing an abnormal plantar response 
as a function of the Global Deterioration Scale (GDS) stage, using three 
different ratings of abnormality. 





Fig 5.—Percentage of subjects showing prehensile release signs as a 
ee - function of the Global Deterioration Scale (GDS) stage, using three dif- 
-< -ferent ratings of activity. 
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Fig 2.—Percentage of subjects showing any hyperactive deep tendon 
reflexes (ie, any biceps, triceps, quadriceps, or gastrocnemius-soleus 
reflex hyperactivity) as a function of the Global Deterioration Scale 
(GDS) stage, using three different ratings of hyperactivity. i 
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Fig 4.—Percentage of subjects showing paratonia as a function of the 
Global Deterioration Scale (GDS) stage, using three different ratings of 
activity. 


Fig 6.—Percentage of subjects showing nociceptive release: signs asa. 
function of the Global Deterioration Scale (GDS) stage, using three dif- 
ferent ratings of activity. 
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Table 3.— Activity Rating of All Neurological Variables and All Combinations of 
Variables as a Function of Severity of Cognitive and Functional impairment by GDS* 


GDS Stage 

















































































Neurological 1 and 2 
Variabie (n= 27) (n= 20) (n= 33) (n= 31) (n= 17) (n= 5-7) Pt 
Four deep tendon reflexes, plantar response, muscie tone, and 
all release sign variables combined (ie, 14 individual variables combined) 
x 1.25 1.604§ 1.684 1.79% 2.214§ 3.844§ 
sD 0.38 0.51 0.51 0.57 0.71 0.18 <,0001 
Four deep tendon reflexes combined 
x 1.61 2.20 2.384 2.52 2.91ł 4.30¢§ 
sD 1.05 1.25 1.31 1.50 1.58 0.65 <.001 
Biceps 
x 1.48 2.15 2.27 2.584 3.184 4.004} 
so 1.22 1.27 1.59 1.73 1.81 1.55 <.01 
Triceps 
x 1.22 2.00 2.154 2.424 3.12¢ 4.33$ 
SD 0.85 1.26 1.42 1.75 1.80 1,03 <.0001 
Quadriceps 
x 1.81 2.40 2.68 2.68 3.18 4.144 
sp 1,47 1.57 1.68 1.78 1.94 1.46 <.05 
Gastrocnemius-soleus 
x 1.52 2.25 2.51 2.42 2.18 3.3 
SD 1.42 1.62 1.91 1.80 1.59 1.86 NS 
Plantar response 
x 1.22 1.10 1.39 1.29 2.29¢§ 2.71¢ 
SD 0.85 0.45 0.86 0.69 1.53 1.38 <.0001 
Muscle tone (paratonia) 
x 1.00 1.40 1.24 2.104§ 3.474§ 5.424§ 
sD 0.00 1.23 66 1.45 1.96 0.48 
All release sign variables combined 
x 1.15 1.38 1.42¢ 1.44} 1.68} 3.564§ 
SD 0.27 0.32 0.42 0.39 0.69 0.48 












All five prehensile release sign variables combined 
(sucking, grasping, and rooting) 
x 1.00 1.00 


sD 0.00 
Sucking tactile 


1.04 
0.12 


1.03 1.354§ 4.434§ 


1.27 





0.00 














































































xX 4.00 1.00 1.09 1.13 1.41 6.00+§ 

sD 0.00 0.00 0.38 0.50 1.18 1.00 <.0001 
Sucking visual 

xX 1.00 1.00 1.03 1.00 1.18 §.43¢§ 

SD 0.00 0.00 0.17 0.00 0.73 1.40 <.0001 
Hand grasp 

X 1.00 1.00 1.00 1.00 1.534§ 4.4345 

sp 0.00 0.00 0.00 0.00 0.87 1.62 <.0001 
Foot grasp 

x 1.00 1.00 1.06 1.00 1.65%§ 3.714§ 

SD 0.00 0.00 0.36 0.00 1.27 1.50 <.0001 
Rooting 

x 1.00 1,00 1.00 1.00 1.00 2.684§ 

SD 0.00 0.00 0.00 0.00 0.00 2.15 <.0001 

All nociceptive release sign variables combined 
(snout, glabellar blink, and palmomental reflexes) 
x 1.41 2.02 2.05 2.13 2.24 1.89 





0.72 0.85 1.03 











1.44 1.30 





1.10 

















sD 0.42 0.45 0.73 0.72 1.50 1.07 
Glabellar blink 

x 1.74 2.75 3.15 3.29 3.18 2.00 

so 1,38 2.05 2.25 2.57 2.55 2,45 NS 
Palmomental 

x 1.37 2.20 1,70 1.87 1.65 1.57 




















SD 0.97 1.61 1.31 1.45 


; *Values are mean (+SD). GDS indicates Global Deterioration Scale; NS, not significant (P > .05). For ex- 
-planation of GDS stages see “Measures” section. 

+P values show signiticance of change in neurologic variable with GDS (F probability). 

+Significantly different from control subjects (GDS stages 1 and 2) at P <.05 (one-way analysis of variance 

using Newman-Keuls follow-up procedure). 

§Significantly different from preceding GDS category at P < .05 (one-way analysis of variance using New- 

< man-Keuls follow-up procedure). 
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younger than the group with the most 
severe AD (GDS stage 7). Thus, we re- 
peated the above analyses with a sub- 
set of the control subjects that were 
matched in age to the subjects with 
GDS stage 7. This analysis showed 
significantly higher mean activity rat- 
ings for 12 of the 14 individual neuro- 
logical variables that showed such dif- 
ferences in Table 3 (biceps and quadri- 
ceps reflexes were the only exceptions). 
Therefore, age differences apparently 
do not account for the remaining be- 
tween-group differences observed. 


COMMENT 


Alzheimer’s disease is a slowly esca- 
lating neurodegenerative process, in- 
sidious in onset, and with extensive 
neuropathologic changes in the cere- 
bral cortex and subcortical areas. 

The classic neurologic examination, 
as it is commonly used by clinicians, is 
eminently suited to locate pathogenic 
factors, but it may not always be a 
sensitive enough technique for reveal- 
ing the subtle changes occurring in 
AD, especially in the early stages. This 
problem might, to some extent, be ad- 
dressed by rating the observed clinical 
signs on a scale and by looking for pat- 
terns in groups of individual signs as 
the illness evolves. 

Subjects with the mildest degree of 
objectively demonstrable impairment 
(GDS stage 3) in our study did not 
show statistically significant changes 
in individual neurologic measures 
studied. However, they had signifi- 
cantly higher scores on a summary 
variable that combined the scores of 
all deep tendon reflexes, plantar re- 
sponses, muscle tone, and release signs 
studied, suggesting subtle changes in 
neurologic function. They also. ob- 
tained higher scores on deep tendon 
reflex activity prevalence as a sum- 
mary measure and on the prevalence of 
a combination of nociceptive release 
signs (ie, snout reflex, glabellar blink 
reflex, and palmomental reflex), as 
compared with normally functioning 
healthy elderly control subjects. The 
prognosis with regard to clinical dete- 
rioration of subjects with mild mem- 
ory impairment (GDS stage 3) is not 
yet entirely clear. This stage may her- 
ald dementia, but not necessarily only 
of the Alzheimer type. 

The trend to increased prevalence of 
hyperactivity on the combined and in- 
dividual deep tendon reflex variables 
studied continued throughout the GDS 
stages of progressive AD. Plantar re- 





tp. 


sponses that were commonly flexor in + 


the early stages of probable AD be- 
came less distinctly flexor in the late 
GDS stages. 
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A prominent pyramidal syndrome 
with very active deep tendon reflexes, 
clonus, and Babinski responses, how- 


ever, was not seen in any of the GDS 
“stages. Patients with GDS stage 7 fre- 


quently had prominent foot-grasp re- 


-flexes that presumably could obscure a 





Babinski response. Sometimes an ex- 
tensor plantar response could be elic- 
ited in these patients by other tech- 
niques, such as the Oppenheim reflex 
or the Gordon reflex. 

Release signs were common in all 
patients with probable AD (GDS 
stages 4 through 7), a finding also 
reported by Huff et al.” Commonly re- 
garded as evidence of diffuse brain 
damage, their teleology is presently 
not clear.” The results of this study 
indieate that from the perspective of 
AD these signs seem to fall into two 
different categories. The prehensile re- 
lease signs (sucking, grasping, and 
rooting) were associated with the se- 
verity of dementia only in the late 
stages of AD (GDS stages 6 and 7). 
These signs were not present in pa- 
tients with early dementia. The grasp 
reflexes became more prominent in 
GDS stage 6. This was followed by 
prominent sucking reflexes and root- 
ing reflexes in patients with GDS 
stage 7. 

Paratonic rigidity, also referred to 
as paratonia or gegenhalten, is some- 
times regarded as a release sign, and it 
is probably a constituent of the pos- 
tural reflexes. Paratonia followed a 
prevalence pattern similar to the pre- 
hensile release signs with the excep- 
tion that it was already prominent in 
GDS stage 5. All of the patients with 
GDS stage 7, who displayed all of the 
prehensile release signs and paratonia 
prominently, had also lost the ability 
to ambulate. 

De Ajuriaguerra et al” have de- 
scribed a prehensile or grasping be- 


~havior in patients in the late stage of 
“progressive dementia, following psy- 


: ehomotor disintegration. The authors 


observed a remarkable similarity be- 
tween this stereotyped behavior and 
the oral type behavior of the neonate. 
They believed that the reemergence of 
this lower level of neuronal integra- 
tion is related to the loss of cortical in- 
hibitory function, in accordance with 
the postulate of Hughlings Jackson 
that the dissolution process roughly 
represents subsequent steps down the 
ontogenetic scale. Paulson and Gott- 
lieb”? observed simultaneous grasping, 
sucking, rooting, and muscle hyperto- 
nicity in patients with late-stage 
chronic diffuse brain disease of vary- 
ing causes. Yakovlev” has described 
the evolution of a syndrome of para- 
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plegia in flexion of cerebral origin, eg, 
a highly patterned sequence of change 
in posture observed in the course of 
mental deterioration in individuals 
suffering from a severe degenerative 
cerebral disease. Initially, there was 
paratonic rigidity on a background of 
impaired intellectual function, with 
exaggerated tendon reflexes and Bab- 
inski’s signs, followed by the gradual 
evolution of stereotyped behavior with 
rigidity of posture, spontaneous grasp- 
ing, and sucking. The end stage was 
that of profound dementia with pelvi- 
crural flexion contracture, without 
sensory loss, and, usually, without py- 
ramidal tract signs and with foot- 
grasp reflexes. Individual hyperactive 
muscle stretch reflexes were com- 
monly replaced by a mass reflex, as oc- 
curs in the fetus. In patients with 
probable AD, the prehensile signs, 
with inclusion of paratcnia, might pre- 
sumably be parts of a gradually evolv- 
ing prehensile syndrome, as described 
by de Ajuriaguerra et al, and, eventu- 
ally, of paraplegia in flexion, as Yak- 
ovlev has described. 

A second group of release signs, 
namely, snout reflex, glabellar blink 
reflex, and palmomental reflex, was 
collectively labeled nociceptive be- 
cause they each constitute the contrac- 
tion of one facial muscle in response to 
a perceived threatening or noxious 
stimulus. They are probably also 
closely related to nociceptive skin 
reflexes.” In the present study, these 
nociceptive signs as a group were less 
distinctly associated with dementia 
progression. These signs occurred 
much earlier in the course of cognitive 
decline than did the prehensile signs. 
The prevalence of these signs was gen- 
erally lower in late-stage dementia 
(GDS stage 7) as compared with the 
early and middle stages (GDS stages 4 
through 6), and even with the stage of 
mild memory impairment (GDS stage 
3). Observation of these signs in late- 
stage AD could be obscured by in- 
creased presence of sucking, ble- 
pharospasm, and facial dyskinesia, 
which are more common in late-stage 
AD. Interestingly, these signs are also 
frequently seen in patients with Par- 
kinson’s disease,*** in whom they re- 
verse after levodopa therapy,” as 
well as in patients with tardive 
dyskinesia,” dystonic disorders,” and 
human immunodeficiency virus 
encephalopathy.” Habituation of the 
blink reflex is associated with mature 
dopaminergic brain circuits.) Promi- 
nent presence of these signs in AD may 
be indicative of a subgroup with par- 
kinsonian features and may have im- 
plications with regard to the desirabil- 


ity of the use of psychotropic agents, 
with prominent extrapyramidal side 
effects, widely prescribed to control 
the agitation and other behavioral dis- 
turbances commonly occurring in AD. 

Release signs and pyramidal signs 
have been reported to predominate in 
vascular dementia with lacunae, espe- 
cially in the frontal lobes.” Patients 
with evidence of such lesions on com- 
puted tomographic scan or magnetic 
resonance imaging were excluded from 
our study. Some of the patients in our 
study had evidence of periventricular 
white matter hypodense areas on com- 
puted tomographic scan or magnetic 
resonance imaging, as described by 
Brun and Englund.” Increased impair- 
ment of gait has been reported to ap- 
pear in patients with AD showing 
these white matter changes, but not in 
cognitively intact elderly subjects with 
similar lesions.“ Whether this partic- 
ular change had any influence on the 
occurrence of release signs and pyra- 
midal signs in the subjects of our study 
requires further investigation. 

The finding of subtle neurologic 
change in mildly cognitively impaired, 
but not demented, subjects is interest- 
ing. Whether it has any consequences 
for predicting further cognitive dete- 
rioration needs to be elucidated. 

Some reservation with regard to the 
present findings is warranted. This isa 
cross-sectional study. Only a longitu- 
dinal study, which is currently in 
progress, will be able to confirm if the 
above observed sequence of neurologic 
changes is characteristic of AD. 

Also, the number of subjects in this 
study was relatively small. We hope to 
publish a future study with more sub- 
jects. The specificity of the above-re- 
ported observations with respect to 
probable AD compared with other 
forms of dementia also needs further 
investigation. 

We believe, however, that the obser- 
vations made in this study justify fur- ` 
ther investigation to determine the 
usefulness of quantitative measure- 
ments of cognition-independent neu- 
rologic signs as independent markers 
of early cognitive impairment and 
clinical severity of dementia in AD 
and, perhaps, as indicators for the ef- 
fectiveness of putative therapeutic 
agents in the treatment of AD. 
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Age at Onset of Alzheimer’s Disease 


Relation to Language Dysfunction 


Kathryn A. Bayles, PhD 


@ A later age at onset of Alzheimer’s 
disease (AD) was found to be related to di- 
minished language performance in 86 pa- 
tients with probable AD. A hierarchical lin- 
ear model was constructed to assess ef- 
-fects of age at onset and disease duration 
onthe performance of patients with AD on 
| four language tasks (naming, reading, au- 
` ditory comprehension, and writing to dic- 
- tation) after controlling for disease sever- 

ity. Results of univariate analysis, in which 

the dependent variable was the averaged 

language task performances, revealed a 

significant effect for age at onset of AD, 

but not for disease duration. To assess the 
possibility that the relationship between 
the age at onset of AD and language per- 
formance reflects effects of normal aging, 

_the language tasks were given to 33 nor- 
q@ mal subjects of similar ages who scored 
perfectly on dementia severity measures. 
cA convincing relationship was not found 
between test score and age. 
| (Arch Neurol. 1991;48:155-159) 













Rererts of heterogeneity in the neu- 

robehavioral deficits in patients 
with Alzheimer’s disease (AD) suggest 
the existence of clinical subgroups. 
One possible subgroup comprises indi- 
viduals with an early onset of AD who 
have been reported to have language 
deficits more than would patients with 
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late onset." 

Seltzer and Sherwin’ classified 65 
patients with AD as normal or abnor- 
mal in language function by perfor- 
mance on tasks modified from the 
Boston Diagnostic Aphasia Examina- 
tion.’ Proportionately more individu- 
als with early age at onset of AD were 
present in the linguistically abnormal 
group than were in the linguistically 
normal group. Faber-Langendoen and 
colleagues’ observed aphasic subjects 
with AD to be younger at onset of de- 
mentia than their nonaphasic counter- 
parts. Filley et al, who also adminis- 
tered portions of the Boston Diagnos- 
tic Aphasia Examination to patients 
with AD with early and late onset, re- 
ported greater language disorder in 
patients with early onset, but not as 
measured by the Boston Diagnostic 
Aphasia Examination subtests. Age- 
at-onset effects were apparent only on 
the Reitan-Indiana Aphasia Screen- 
ing Test. Using performance on the 
eight language-related items in 
the Mini-Mental State Examination 
(MMSE)' to detect aphasia, Chui and 
colleagues’ reported 60% of their 146 
patients with AD to be aphasic and the 
proportion of early-onset cases to be 
higher in the aphasic group compared 
with that in the nonaphasic group. 

Reports of greater language impair- 
ment in patients with an early onset of 
AD have been challenged. Selnes et al® 
and Grady et al’ failed to find a signif- 
icant relationship between age at on- 
set of AD and language deficit, and 
Cummings and colleagues" report lan- 
guage impairment in all their patients 


with AD that is proportional to sever- 
ity of dementia. 

Regardless of whether the afore- 
mentioned investigators found a rela- 
tionship between age at onset of AD 
and language performance, none of 
them employed methodology whereby 
each subject’s language score(s) was 
controlled for the effect of dementia 
severity, a necessary control because 
of the well-documented relationship 
between dementia severity and lan- 
guage score.**"*! Such control subjects 
were employed in a large study of the 
effects of AD on language function. 
The purpose of this report is to present 
evidence that when effects of dementia 
are controlled, age at onset is related to 
degree of language deficit in such a way 
that the older the age at onset, the 
greater the degree of language impair- 
ment. 


SUBJECTS AND METHODS 
Subjects 


Eighty-six individuals diagnosed with 
probable AD according to National Insti- 
tute of Neurological and Communicative 
Disorders and Stroke-Alzheimer’s Disease 
and Related Disease Association task force 
criteria? and 42 normal elderly control 
subjects participated in the study. Patients 
with probable AD had a history of progres- 
sive mental deterioration, including defi- 
cits in memory and at least one additional 
cognitive function. Subjects underwent 
thorough physical and neurological exami- 
nations performed by an experienced neu- 
rologist, independent neurobehavioral as- 
sessment, and standard laboratory testing. 
Excluded from the study were individuals 
who, by history, examination, or laboratory 
study, demonstrated a systemic or other 
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Table 1.— Characteristics of Patients With Alzheimer’s Disease (AD) and 
Normal Elderly Subjects * 


Patients With AD/ Normal Subjects 
Die esa Se cs seb ects aaa aaa 
Mean so Minimum Maximum 


76.59/73.40 7.66/7.59 58.18/61.57 94.51/93.49 
Education, y 13.06 / 14.55 3.19/3.16 4,00/8.00 22.00/21.00 
Estimated IQ 110.89/ 113.11 7,63/7.53 93.39/99.72 132.40/ 132.00 


“The AD group (n = 86) consisted of 32 males and 54 females; the normal group (n = 42) consisted of 10 
males and 32 females. 


Table 2.——Questionnaire About the Presence of 25 Symptoms of Alzheimer's Disease 


Which of the following symptoms have you noticed and when? 
Complaints of memory problems 

Problems in concentrating 

Decreased knowledge of current or recent events 
Fargetting information about his/her own personal history 
Decreased ability to travel 

Decreased ability to handle finances 

Denies problems 

Inability to perform complex tasks 

Withdrawal trom challenging situations 

. Forgetting where familiar objects were placed 

. Forgetting names formerly known weli 

. Being lost or confused when traveling to familiar places 
. Coworkers aware of problem performing 

. Word- and name-finding problems apparent 

. Reading, but not retaining, information 

. Losing or misplacing objects of value 

. Sleep disturbance 

. Largely unaware of all recent experiences in his/her life 
. Difficulty remembering names of close family members 

. Unaware of his/her surroundings or environment 

. Incontinence 

. Change in personality 

. Change in mood (depressed, agitated, etc) 

. Movement problems 

. Fatigue 


Variable 
Age, y 











CanGasoannm 









Mean Age, 71.9y 
SD= 7.645 


Skewness= ~.094 
(SE=.260) 


Kurtosis= ~.489 
(SE=.514) 








No. of Subjects 





Age at Onset, y 


The distribution and range of perceived age at onset of Alzheimer’s disease. 


more on the modified Hachinski Ischemic 
Seale'** and 12 or more on the Hamilton 
Depression Rating Scale. Dementia sever- 


central nervous system disease associated 
with intellectual deterioration. Also ex- 
cluded were individuals with a score of 4 or 
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ity was determined by score on the Global 
Deterioration Scale (GDS) and answers to 
the questions from the MMSE’ related to 
place, time, and the ability to copy. , 

In addition to the aforementioned exclue 
sionary criteria, the patients with probable 
AD and normal control subjects had to 
meet the following inclusionary criteria: 
pass a speech discrimination test with 80% 
or better accuracy (see Bayles et al” for de- 
scription), be literate and able to read 
newsprint, speak English as a first lan- 
guage, have no history of drug or alcohol 
abuse, and have normal intelligence as es- 
timated by a regression equation using de- 
mographic information. The demographic 
characteristics of study participants are 
shown in Table 1. 


Perceived Age at Onset 


Perceived age at onset of AD was speci- 
fied by primary caregivers after reviewing 
with the examiner the neurobehavioral fea- 
tures of the disease and their patients’ so- 
cial and medical histories. Before the ex- 
aminer reviewed the behavioral symptoms 
of the disease, the caregiver informants 
were asked to specify the first four symp- 
toms that they observed and the approxi- 
mate date of their appearance. Subse- 
quently, they were questioned about the 
presence of 25 symptoms of the disease 
(Table 2), and asked to specify the time of 
appearance of those observed in the patient.” 

The date of the first report of memory’ 
impairment was used as the time of onset 
that was subtracted from the patient’s age 
at testing to obtain perceived age at onset of 
AD, the datum used in study analyses 
(mention must be made of the fact that it is 
impossible to verify caregivers’ reports of 
symptoms). The distribution and range of 
perceived age at onset of AD are presented 
in the Figure. Because this distribution is 
evidently continuous and unimodal (and 
apparently normal), age at onset is not di- 
chotomized into early and late subgroups. 

Duration of dementia was calculated by 
subtracting the date of onset from the date 
of testing. The mean disease duration for 
patients with AD was 4.67 years (SD = 2.37 


years). Y 


Tasks 


The linguistic communication tasks ad- 
ministered in this study included confron- 
tation naming, auditory comprehension, 
writing to dictation, and reading compre- 
hension. The tasks, which used the same 
stimuli, were administered in the order 
listed herein. In the confrontation naming, 
task subjects were asked to name 13 black- 
and-white line drawings presented individ- 
ually. The objective of the auditory com- 
prehension task was to select, from among 
four, the correct colored photograph of the 
object named by the examiner. In the dic- 
tation task, the examiner read each word 
aloud and the subject was required to write 
the words on a sheet of paper. In the read’ 
ing comprehension task, the subject had to 
read the printed name of an object and se- 
lect the photograph of the object from 
among four photographs of objects. 
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Table 3.—Effect of Disease Duration and Age at Onset of Disease on Average 
Language Performance After Controlling for Disease Severity* 


Sum of 
Squares 


Source of 
Variation 


Mean 
Square F 





< Constant 6628.20 


6628.20 1941.43 


Table 5.—Average Age by Scores on 
Four Language Tasks for 33 Normal 
Subjects With No Severity Deficits 


Score 





GDSt 109.55 


109.55 32.09 





Place+ 103.10 


103.10 30.20 





GDS by place 18.38 


18.38 5.38 





Copy§ 30.75 


30.75 9.01 





GDS by copy 11.09 


11.09 3.25 





Duration .06 


.06 .02 





Onset! 22.08 


22,08 6.47 





Error 266.30 





3.41 


*Each term is tested after controlling for the terms above it. 

+GDS (Global Deterioration Scale) is a categorical variable for which subjects with a score of 3 or 4 were 
classified as mild; subjects with a GDS score of 5 were classified as moderate. 

Pláce indicates subject’s scoring on the five orientation questions about place on the Mini-Mental State Ex- 


amination. 


§Copy is a categorical variable that indicates whether or not subject successfully copied the figure on the 


Mini-Mental State Examination. 


|The 95% confidence interval for the onset coefficient was (—.128, —.015). The negative sign of the coef- 
ficient indicates that larger values of the onset variable are associated with smaller values of the language vari- 


able, 


Table 4.—Effect of Age at Disease Onset on Four Language Variables After Controlling 
for Disease Severity 


Variable Coefficient 





~.112 


Confrontation naming 





< Auditory comprehension —,.115 





+: Writing from dictation . .033 





Reading comprehension —.093 


RESULTS 


A general linear model was con- 
structed to assess the extent to which 
disease severity, disease duration, and 
age at onset of AD predict language 
performance. Severity variables com- 
prised GDS, MMSE place questions, 
MMSE time questions, and the MMSE 
figure copy task. The model was hier- 

“archical, ie, each term in the model was 
tested after controlling for the terms 
that preceded it. By considering the 
severity variables first, it was possible 
to assess the effects of disease duration 
and age at onset on language perfor- 
mance after controlling for disease se- 
verity. 

Initially, the effects of all possible 
terms on language performance were 
considered; eventually, nonsignificant 
terms were removed from the model 
(eg, subjects’ scores on the five orien- 
tation questions about time) to make it 
as parsimonious as possible. This 
model was employed in a univariate 
analysis, in which the dependent vari- 

„ able was the average performance on 

the four Arizona language tasks, and a 

multivariate analysis, in which the 
dependent variables were the separate 
performances on the four tasks. 
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Univariate Analysis 


Results of univariate analysis, pre- 
sented in Table 3, revealed several in- 
teresting facts about the measurement 
of disease severity in relationship to 
language performance. First, the sim- 
ple task of copying a figure yields sig- 
nificant information about language 
performance even after controlling for 
GDS score and performance on MMSE 
place orientation questions. Second, 
after controlling for GDS score and 
place orientation questions, time ori- 
entation questions yield no significant 
information. Third, although the GDS 
score is based on observation of myriad 
patient characteristics, MMSE place 
orientation questions alone turn out to 
be more informative. Together these 
terms account for a sum of squares of 
212.65 and if the effect of GDS is 
removed first from this total, MMSE 
place orientation questions addition- 
ally account for 103.10 (48.5% ). How- 
ever, if orientation to place is consid- 
ered first, it alone is able to account for 
200.63 (94.3% ), nearly all of the varia- 
tion attributed to both measures. 

With respect to the variables of in- 
terest in this study, it is evident that 
any effect of disease duration on lan- 


Confrontation 


28 
Writing from 
dictation$ 


comprehension 
12 1 
13 32 


* Jonckheere’s test for negative trend over scores 
of 11 through 13 was not statistically significant 
{z = 1.29, P = ,10). 

tWelch's approximate t test between scores of 12 
and 13 was not statistically significant, t (4.27) = 
64; two-sided P = .276. 

tJonckheere’s test for negative trend over scores 
of 11 through 13 was not statistically significant 
{z = ~.27, P = 61). 





guage performance is entirely ac- 
counted for by the objective measures 
of disease severity. On the other hand, 
even after controlling for disease se- 
verity, it appears that age at onset of 
AD is significantly related to language 
performance. Moreover, inspection of 
the model coefficients revealed that 
later onset is associated with dimin- 
ished performance, the reverse of what 
many authors have reported. 

Because F tests are often sensitive to 
nonnormality and heteroscedasticity, 
it was deemed advisable to verify the 
above relationship by a more robust 
procedure. Accordingly, age at onset of 
AD was removed from the model. The 
residuals from this restricted model 
represent each subject’s language 
score after adjusting for dementia se- 
verity. These adjusted language scores 
were then nonparametrically corre- 
lated with age at onset, and the same 
relationship was observed (Kendall’s 
t = —.1639, P = .025). 


Multivariate Analysis 


More detailed insight into the rela- 
tionship between age at onset of AD 
and language performance may be 
gained from the multivariate analysis. 
The effect of age at onset of AD on each 
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of the four language variables is. re- 
ported in Table 4. It becomes apparent 
that age at onset is negatively associ- 
ated with performance on the confron- 
tation naming, auditory comprehen- 
sion, and reading comprehension 
tasks, but it is unassociated with per- 
formance on the dictation task. 


Effects of Normal Aging 


The above analyses demonstrate a 
relationship between age at onset of 
AD and language performance for sub- 
jects with AD. However, it is impor- 
tant to emphasize that age at onset is 
highly correlated with age at testing 
(r = .9516), an association that raises 
the possibility that the relationship 
observed between age at onset and 
language performance is due to the ef- 
fects of normal aging. Certainly, the 
variables employed to quantify sever- 
ity of dementia can be expected to have 
removed the (presumably gross) ef- 
fects of normal aging on subjects with 
AD, but it is, nonetheless, conceivable 
that a language-specific component to 
the aging process still remains. It 
would be satisfying if the issue of the 
possibility of residual aging effects on 
the language performance of the sub- 
jects with AD could be resolved by in- 
troducing age at testing into the hier- 
archical general linear model previ- 
ously employed. Unfortunately, the 
high correlation between age at test- 
ing and age at onset in subjects with 
AD precludes such a solution; this is 
known as the problem of multicollin- 
earity in linear models. Therefore, an 
assessment of the residual effects of 
normal aging must be based on the 
distribution of language scores of nor- 
mal subjects. 

One method of assessment would be 
to apply the same general linear mod- 
eling procedure to data from normal 
subjects. If, after controlling for the 
effects of the severity variables, age at 
testing was not a significant predictor 
of language performance, it could be 
concluded that the effects of normal 
aging were removed by the severity 
variables. It would then follow that the 
age-at-onset effect detected in subjects 
with AD was something distinct from 
normal aging. However, only nine of 
the 42 normal subjects exhibited defi- 
cits in any of the severity variables 
and, thus, there was insufficient vari- 
ability in the severity variables to ad- 
equately test the model. Nevertheless, 
severity can be controlled by taking a 
single group of normal subjects who 
are all at the same level of severity and 
examining the relationship between 
age at testing and language perfor- 
mance within that group. Only one 
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such group existed, namely, the group 
of 33 subjects with no severity deficits. 
Table 5 contains the data regarding 
these subjects and demonstrates how 
age at testing varied with language 
performance for them. Notice that the 
data fail to convincingly support the 
argument that performance on these 
four simple tasks declines with normal 
aging. Nonetheless, that possibility 
cannot be completely discounted. 


COMMENT 


Early age at onset of AD, as speci- 
fied by caregivers, was not found to be 
related to greater language impair- 
ment in a large sample of subjects with 
AD for whom severity of dementia was 
controlled. Rather, a subtle, but ro- 
bust, relationship was found between 
later age at onset of AD and greater 
language impairment. Analysis of per- 
formance on the individual tasks indi- 
cated the presence of this relationship 
for confrontation naming and auditory 
and reading comprehension, but not 
for writing to dictation. Disease ef- 
fects on writing to dictation may be 
less severe, because the task is me- 
chanical, cognitively less effortful, 
and, possibly, can be completed with- 
out involvement of semantic (concep- 
tual) memory. 

The high correlation between age at 
onset and age at testing raised the 
possibility that this relationship was 
due to the effect of normal aging. This 
possibility was explored by examining 
the effect of age at testing on language 
performance of normal subjects. When 
the average age at testing for each 
language score was reviewed, no con- 
vincing relationship was observed. 

Results of the present study may 
differ from those of investigators'“ re- 
porting a relationship between early 
disease onset and more prominent lan- 
guage deficits, because the language 
performance scores of individual par- 
ticipants in this study were controlled 
for dementia severity. In the Seltzer 
and Sherwin study,' severity of demen- 
tia was controlled by testing limited to 
those individuals who retained “a suf- 
ficient level of general intellectual 
function to engage in testing™™ and 
by controlling the early- and late- 
onset groups for disease duration. Dis- 
ease duration may not accurately mea- 
sure degree of dementia severity in 
view of the reports*'*?' that some pa- 
tients with AD have a rapidly pro- 
gressing disease, whereas others have 
a slowly progressing disease. 

The report by Filley et al that their 
early-onset group had greater lan- 
guage impairment was based on the 
results of performance on seven lan- 


guage measures. Yet, on only one of the 
seven language measures was the ear- 
ly-onset group significantly more im- 
paired. Further, although the authors 
reported a trend toward greater im- 
pairment by early onset in the word 
discrimination and complex ideational 
material subtests of the Boston Diag- 
nostic Aphasia Examination, the 
mean scores of the early- and late-on- 
set groups on these tasks were ex- 
tremely close (early-onset group mean 
for word discrimination was 68.62, and 
late-onset group mean was 68.00; ear- 
ly-onset group mean for complex ide- 
ational material was 8.81, and late-on- 
set group mean was 9.18) and the asso- 
ciated probability values were P = .73 
in both cases. The single test for which 
a significantly greater impairment 
was observed in the patients with early 
onset of AD was the Reitan-Indiana 
Aphasia Screening Test. However, no 
information was given about the test 
and the number of false-positive re- 
sults typically associated with it. Fi- 
nally, patients in the early-onset group 
may have been premorbidly less gifted 
in language and general intellectual 
ability than those in the late-onset 
group. Indeed, they were scored lower 
in full-scale, verbal, and performance 
IQ than were patients in the late-onset 
group. Although only the differences in 
full-scale and verbal IQ were signifi- 
cantly different, the pattern was the 
same for all three measures. 

Chui and colleagues‘ used eight 
items from an MMSE and clinical ob- 
servation of paraphasias, word-find- 
ing difficulty, or reduction in speech 
output to define language deficit. No 
information was provided as to what 
constituted significant numbers of 
paraphasic errors or word-finding dif- 
ficulty. Sixty percent of the patients 
with AD were designated as aphasic, 
but these individuals were also more 
severely demented. Indeed, the au- 
thors reported that “presence and se- 
verity of aphasia were significantly 
associated with greater severity on the 
GDS (t=6.7, P <.0001).’*" Thus, 
the poorer language performance by 
the aphasic patients may simply re- 
flect more severe dementia. 

Faber-Langendoen et al? used per- 
formance on a brief clinical aphasia 
battery to dichotomize their group of 
150 subjects with AD into aphasic and 
nonaphasic subgroups. Thereafter, the 
authors calculated the mean age at 
onset of AD for each group and re- 
ported that the mean age for the apha- 
sic group was significantly lower. How- 
ever, the difference in mean ages was 
only 2.8 years. 

The results of the present study 
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‘were harmonious with those of Selnes 
et al’ although the question can be 
asked why these investigators did not 
report arelationship between later age 
at onset and greater language impair- 
- ment. Perhaps the reason was that 
-Selnes and colleagues used the MMSE 
scores, which are heavily dependent on 
< language performance, for controlling 
-dementia severity in their groups with 
early and late age at onset of AD. 
Grady and colleagues,’ who also 
failed to find a relationship between 
early age at onset and greater lan- 
guage impairment, did not control the 
effects of dementia severity on lan- 
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guage performance on a subject-by- 
subject basis and perhaps, therefore, 
failed to detect the subtle relationship 
between later age at onset and greater 
language impairment reported in the 
present study. The variability within 
the early- and late-onset groups in the 
Grady study may have been enough to 
mask this subtle effect. 

In summary, a relationship between 
early age at onset of AD and greater 
language impairment was not con- 
firmed by results of this study. Rather, 
a subtle, but statistically significant, 
relationship was observed between a 
later age at onset of AD and greater 
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@ Three pairs of twins, each with proved 
monozygosity, were shown to be discor- 
dant for dementia of the Alzheimer’s type 
and to have remained discordant for peri- 
: ods of 8'to 11 years. Dementia of the 
Alzheimer’s type was demonstrated by 
history; serial clinical examinations; serial 

measurements of cerebral glucose utiliza- 
tion using positron emission tomography 
and of cerebral ventricular volumes and of 
rates of change of volumes using quanti- 
tative computed tomography; and by se- 
rial neuropsychological tests. The results 
of each of these measures showed no ev- 


Izheimer’s disease is a progressive 
<> neurodegenerative disorder that 
is the most common cause of dementia 
in.the United States, but its precise 
cause is unknown. It affects about 5% 
of individuals older than 65 years and 
10% to 15% of those older than 80 
years of age.' Established risk factors 
are age and familial aggregation. An 
-< autosomal dominant mode of trans- 
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idence of clinical abnormality in any unaf- 
fected twin. DNA markers from the proxi- 
mal long arm of chromosome 21 did not 
distinguish between the affected and the 
unaffected member of any pair of identical 
twins. Family pedigrees were negative for 
Alzheimer’s disease. The results suggest 
that environmental or other nongenetic 
factors contribute to Alzheimer’s disease 
in discordant monozygotic twins, or that 
some Cases arise by a postzygotic somatic 
mutation. 
(Arch Neurol. 199 1;48: 160-168) 


mission with a lifetime (90-year) risk 
of 50% among first-degree relatives of 
probands has been reported.?} Reports 
of Alzheimer’s disease in twins sug- 
gest a 40% to 50% concordance for the 
disease in monozygotic twins and an 
8% to 50% concordance in dizygotic 
twins.**s 

Of these reports, only two? describe 
twins discordant for dementia of the 
Alzheimer’s type (DAT) with proved 
monozygosity and with neuropatho- 
logical proof of Alzheimer’s disease in 
the affected twin. No report provides 
detailed proof of discordance in proved 
monozygotic twins, using studies of 
brain anatomy and metabolism with 
computed tomography (CT) and 
positron emission tomography (PET), 
respectively, and a complete battery of 
cognitive tests. Furthermore, no study 
of monozygotic twins discordant for 
DAT has been longitudinal in nature. 
However, as age at onset of DAT may 
differ by up to 11 years between twins 


with documented monozygosity who 
eventually become concordant, a 
finding of discordance in a single cross- 
sectional analysis may be of limited 
value for estimating the true discor- 
dance rate, or even for establishing 
discordance in a given pair of monozy- 
gotic twins.” We, therefore, thought 
it important to further examine the 
discordance of Alzheimer’s disease in 
monozygotic twins. To do this, we doc- 
ument, in a longitudinal experimental 
design, differences in brain metabo- 
lism, cognitive function, and neu- 
roanatomy in three pairs of monozy- 
gotic twins thought to be discordant 
for DAT and provide neuropathologi- 
cal confirmation of Alzheimer’s dis- 
ease in one of the affected twins. By 
evaluating social and medical histo- 
ries, as well as environmental expo- 
sure of each of the twins, and by 
examining DNA markers from chro- 
mosome 21,” we try to distinguish an 
environmental or genetic factor that 
might contribute to Alzheimer’s dis- 
ease. Finally, because of the approxi- 
mately 40% concordance rate of DAT 
in monozygotic twins,'* we thought it 
possible, using sensitive measures of 
brain function and anatomy, that one 
of the unaffected twins from the three 
twin pairs might show early, preclini- 
cal changes of DAT. Our results have 
been partially reported in abstract 
form.” 


SUBJECTS AND METHODS 
Subjects 


Our subjects were two male twin pairs, 
1A* and 1B and 2A* and 2B; and one female 
twin pair, 3A* and 3B. Asterisk denotes the 
twin with a diagnosis of DAT, probable 
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EA 


r 


Alzheimer’s disease, using the National In- 
stitute of Neurological and Communicative 
Disorders and Stroke-Alzheimer’s Disease 


_, and Related Diseases Association criteria.” 


oy The twins 1A* and 1B were described par- 


wee 


«tests, including complete blood cell count, 


tially. by Luxenberg et al“ and had been 
identified from the Twin Registry of the 
National Academy of Sciences, National 
Research. Council (see the acknowledg- 
“ments).* Each subject signed an informed 
consent to participate in the study. 
Detailed histories were obtained for each 
subject. Each twin also underwent com- 
prehensive physical and neurologic exam- 
inations, and the following tests were 
performed: electrocardiogram, a chest 
roentgenogram, CT of the head, an electro- 
encephalogram, and routine laboratory 


«oi differential white blood cell count, VDRL 


< test, and measurements of blood levels of 
urea, as well as creatinine, antinuclear an- 


_.. tibody, vitamin B,,, folate, and thyroid hor- 


mone levels. Each twin underwent PET, 
quantitative CT, and extensive cognitive 
testing, as described below. Depending on 
compliance, the procedures were repeated 
one to three times over periods of up to 3 
years. 

Age-matched volunteers were used as 
control subjects. They were screened rigor- 
ously for medical or neurological illness, 
and met stringent health criteria as previ- 


Q ously described.” Different control groups 





+ 


i ‘were used for each of the neuropsychologi- 
“eal, PET, and CT studies. For cross-sec- 


tional CT studies, there were 25 male con- 
‘trol subjects with a mean age (+SD) of 
61. +.6years, and 19 female control subjects 
witha mean age (+SD) of 60 + 6 years. For 
longitudinal CT studies, male (n = 7) mean 
age (+SD) was 61 + 6 years, and female 
(n = 4) mean age (+SD) was 58 + 5 years. 
For the PET control subjects, using the 
ECAT II scanner (ORTEC, Life Sciences, 
Oak Ridge, Tenn), male (n = 18) mean age 
was 60 + 3 years and female (n = 6) mean 
age was 62 + 3 years, and using the Scan- 
ditronix (Uppsala, Sweden) scanner, male 
(n = 8) mean age was 59 + 4 years and fe- 
male (n = 22) mean age was 62 + 6 years. 


» Control subjects for the neuropsychological 


tests are described below. 
Procedures 


PET.—Each subject underwent PET us- 
ing '*F-2-fluoro-2-deoxy-D-glucose to deter- 
mine regional cerebral metabolic rates for 
glucose (rCMR,,.). The procedure was car- 
ried out in the early part of the study, using 
an ECAT H tomograph (ORTEC) with in- 
plane and axial resolutions of 17 mm. Be- 
ginning May 1986, a more sensitive PC 1024 
PET tomograph (Scanditronix) was em- 
ployed, with an in-plane resolution of 6 mm 
and an axial resolution of 10 mm. 

A subject was kept drug free for at least 
2 weeks prior to a scan, refrained from al- 
cohol, caffeine, and nicotine use for at least 
24 hours, and fasted for 2 hours prior to the 
scan. The scan was performed with the 
subject: supine in a quiet room, his eyes 
-eovered, and his ears plugged with cotton. 

Details'of PET scanning on both machines 
have been presented elsewhere.*” 
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The rCMR,, was calculated in milligrams 
of glucose consumed per 100 g of brain per 
minute (mg - 100 g ~ - min™). We also cal- 
culated normalized metabolie ratios, de- 
fined as rCMR,./CMR,,, where CMR,, is the 
mean of rCMR,,. in corticocerebral gray 
matter regions, as well as metabolic asym- 
metry indexes using the following equation: 


Asymmetry Index (%) = wT x100 


where R stands for rCMR,, in a right-sided 
region and L stands for rCMR,. in the ho- 
mologous region in the left hemisphere.” ? 

CT Scanning.—Noncontrast CT imaging 
of the brain was performed with an 8800 
CT/T scanner (General Electric Corp, Mil- 
waukee, Wis), for which full width at half 
maximum equaled 1 mm. Images were ob- 
tained parallel to the externally defined in- 
ferior orbitomeatal line and were analyzed 
quantitatively as described previously” to 
obtain volumes {cubic centimeters) for the 
third and lateral ventricles. Rates of change 
of ventricular volumes (cm? - y~') were cal- 
culated from slopes of plots of ventricular 
volumes against time. 

Neuropsychological Testing.—Overall de- 
mentia severity was measured using the 
Mattis Dementia Scale” and the full-scale 
IQ from the Wechsler Adult Intelligence 
Scale (WAIS).” Memory was evaluated 
with tests of immediate and delayed recall 
for stories and figures from the Wechsler 
Memory Scale.” Ability to maintain at- 
tention to complex or shifting sets, and 
planning ability, were evaluated with the 
Stroop Color Word Test,” the Trailmaking 
Test,” and the Porteus Maze Test.* Mea- 
sures of language were the Verbal Compre- 
hension and Memory and Distractibility 
Deviation Quotients from the WAIS,” a 
test of comprehension of syntactic relations 
in single sentences, and a test of serial 
naming (Controlled Word Association). 
Measures of visuospatial construction were 
the WAIS Perceptual Organization Devia- 
tion Quotient, a test of the ability to copy 
geometric features of varying complexity 
(Extended Range Drawing),” and a test of 
three-dimensional block construction (His- 
key-Nebraska Block Patterns)."! 

For twin pair 1, the control sample was 10 
subjects (5 men and 5 women) with a mean 
age (+SD) of 62 + 8 years, and a mean ed- 
ucation (+SD) of 13 + 1 years. For twin 
pair 2, the control sample consisted of 38 
men with a mean age of 64 + 8 years anda 
mean education of 17 + 2 years. For twin 
pair 3, the control sample was 13 women 
with a mean age of 63 + 5 years and mean 
education of 13 + 1 years. Thus, control 
subjects for twin pairs 2 and 3 were 
matched for age, sex, and education, but 
control subjects for twin pair 1 were not all 
male and were more educated than the 
twins. 

Molecular Genetic Studies.—The physical 
structure of the portion of the proximal 
arm of chromosome 21, which has been 
suggested to harbor the familial Alzhei- 
mer’s disease locus,”*! was assessed for 
postzygotic microdeletions or duplications 
that might discriminate affected from un- 
affected twins. Equivalent quantities of ge- 





nomic DNA prepared from buffy coat 
leukocytes were digested to completion 
with the restriction enzymes EcoRI and 
HindIII. The resultant restriction frag- 
ments were resolved according to size by 
horizontal agarose gel electrophoresis and 
were transferred to nylon membranes by 
Southern blotting. Radiolabeled probes for 
the proximal chromosome 21 marker loci 
D21811 (pPW236B), D21852 (pPW511-1H), 
and D21813 (pGSM21) then were hybrid- 
ized to the genomic DNA on the nylon filter 
supports. The pattern of EcoRI and Hindit 
sites around these loci was deduced from 
the size and number of bands on the result- 
ant autoradiogram, and were compared 
both between affected and unaffected twins, 
and with the known normal restriction 
patterns for these enzymes at these loci. At 
the D21852 locus, the probe pPW511-1H 
reveals a restriction fragment length poly- 
morphism with the enzyme Hindlll. In in- 
dividuals heterozygous for this restriction 
fragment length polymorphism, the signal 
from each copy of chromosome 21 can be 
resolved, and the intensity of the signal 
contributed by each chromosome can be 
compared to discover evidence of miero- 
duplications.” Two twin pairs (3A* and 3B; 
2A* and 2B) each were polymorphic for this 
restriction fragment length polymorphism, 
having two alleles in each of the twins. 

Statistical Analysis.—Z scores were used 
to decide if a particular value in a subject 
was significantly different from the control 
mean. A significant Z score was defined as | 
2 SDs above or below the control mean, 
equivalent to a level of significance of 
P < .05.® Mean values ( + SD) are presented 
for control data. 

RESULTS 
Case Histories 
and Neuropathology 


Twin Pair 1.—The twins 1A* and 1B, 
born in November 1925 are white men 
who were raised in rural Arkansas and 
attended school to the 11th grade. Both 
worked on a farm for more than 8 
years, prior to the age of 30 years, 
where they were exposed to pesticides 
handled without gloves or masks. Both- 
then worked in the construction busi- 
ness. 

Medical History and Examina- 
tion.—The twins were born at full- 
term by uneventful vaginal deliveries, 
1A* being born first, and both had un- 
eventful childhoods. Family history 
for DAT was negative (Fig 1, twin pair 
1). In 1978, 1A* evinced personality 
changes with jealousy and paranoia 
and lost concern for safety while at 
work. Memory impairment became ob- 
vious in 1980. His medical history in- 
cludes smoking one to two packs of 
cigarettes daily for over three decades 
and exposure to pesticides. His Mini- 
Mental State Examination (MMSE) 
scores“ were 2, 2, and 1 in July 1985, 
February 1986, and January 1987, re- 
spectively, indicative of severe demen- 
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Twin Pair 1 


40 96 88 93 72 83 27 72 87 82 46 74 75 57 61 41 1 Day 


37 34 32 29 41 37 16 


Twin Pair 2 73 72 


85 94 62 8185 6 66 80 79 73 3 


65 66 64 6 |64 16 


39 37 31 


Twin Pair 3 


Æ Schizophrenia, Age 30 y 


J Down's Syndrome 


J Confirmed Alzheimer's Disease 


31 3 27 B 


® Probable Alzheimer’s Disease 


Ø Deceased, Female 


O Female 





_ Fig. 1.—Dementing illness in twin pair families. There was no evidence of a dementing illness in 


“any family member of each of the affected twins. Half-filled circles and squares represent prob- 
able Alzheimer's disease in probands 1A* (twin pair 1) and 3A* (twin pair 3), whereas solid square 
represents autopsy proved Alzheimer’s disease in twin 2A° (twin pair 2). Aunt of twin 2A° was 


drome at the age of 6 years. 


tia. His Hachinski Ischemic Score 


a equaled 4; a score exceeding 6 suggests 


multiple infarct disease.* 
Neurological Examination. —In 

May 1985, twin 1A* appeared alert and 

cooperative, with marked word-find- 
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mn “diagnosed as having paranoid schizophrenia at the age of 30 years; a sibling died of Down's syn- 


ing difficulty. Upper extremities dem- 
onstrated cogwheeling and a fine 
tremor. Deep tendon reflexes were nor- 
mal (1+ to 2+ bilaterally), but snout 
and glabellar reflexes were present. In 
February 1986, he had no spontaneous 


speech, with responses limited to a few 
words. Gait was slow, with bradykine- 
sia and diminished arm swing. In Jan- 
uary 1987, he was barely cooperative, 
with marked cogwheeling of upper ex- 1 
tremities and a stooped posture on 
walking. 

The normal twin, 1B, had entirely 
normal neurological and mental status 
examination results, with MMSE 
scores of 26, 29, 25, and 30 in February 
1985, February 1986, January 1987, and 
January 1988, respectively, and a 
Hachinski Ischemic Score of 4. He had 
evidence of Raynaud’s disease and had 
a transient ischemic attack in October 
1986, but no episode since then. 

Twin Pair 2.-Twins 2A* and 2B are 
white men who were born in June 1925, 
and were raised in Idaho, where both 
graduated from high school. After par- 
ticipating in World War II, they re- 
turned to Idaho, where each completed 
4 years of college. Twin 2A* moved to 
Montana after he was 30 years old, 
where he worked as a physical edu- 
cation instructor. Twin 2B worked as 
an accountant, spending 4 years at a 
pesticide warehouse, where he may 
have been exposed to dichlorodiphe- 
nyltrichloroethane (DDT) and octa- 
chlorotetrahydro - 4,7 - methanoin- ° 
dane (Chlordane). He remains healthy 
and working. 

Medical History and Examina- 
tion.—Both twins were born by un- 
complicated vaginal deliveries, twin 
2B being born first. Twin 2A* smoked 
one pack of cigarettes daily until 1983. 
The sister of the twins’ mother was di- 
agnosed with schizophrenia at the age 
of 30 years, and that diagnosis was re- 
tained until her death (Fig 1, twin pair 
2). A brother of the twins had Down’s 
syndrome and died at the age of 6 
years. The family history is negative 
for DAT. 

Symptoms in twin 2A* began in 
1981; he was diagnosed in 1983 as hav- 
ing DAT. Since he was noted to be hy- 
pertensive in 1985, he has been receiv- 
ing Minipres (prazosin, Pfizer, New 
York, NY), 2 mg orally daily. In May 
1986, he demonstrated mumbling 
speech with word-finding difficulty and 
myoclonus. He had cogwheeling of 
both arms and a diminished arm 
swing, and he walked with a stooped 
posture. Reflexes ranged from 1+ to 
3+. A grasp reflex was present bilater- 
ally. In July 1987, he displayed promi- 
nent dysphasia and was capable only 
of “yes” and “no” responses. Severe 
motor apraxia was present. In Febru- 
ary 1988, his speech was unintelligible, 
and he demonstrated glabellar, snout, 
and grasp reflexes. His MMSE scores 
were 6, 1, and 0 in September 1985, No- 
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Table 1. Neuropsychological Test Scores for Affected and Normal Twins at Different Times. | 


Twin Pair 1 Twin Pair 2 Twin Pair 3 
Oe ttt, est ptt, 
Norma! (1B) Affected (1A°) Normal (2B) Affected (2A*) Normal (38) Affected (3A*) 
P T etenanennamnnmneue E a E aa E a M aaaea 










































































Neuropsychological Test 2/85 2/86 2/87 2/85 2/86 9/85 5/86 8/87 9/85 5/86 8/85 4/86 4/87 8/85 4/86 
“Omnibus Scales 
Mattis Dementia Scale 136 143 141 47} 334 142 142 144 764 76t 143 142 142 54$ 30$ 
WAISt Full-Scale IQ 100¢ tit 107 52t NA 113 103¢ 109 63 64 111 117 120 NA NA 
Memory (Wechsler Memory Scale) > 
Immediate Story Recalt 12 10 17 ot NA 14 15 22 NA NA 10 13 21 NA NA 
Delayed Story Recall 5 9 18 Ot NA 9 12 19 NA NA 7 13 18 NA NA 
immediate Visual Reproduction 3t 5 5 Ot NA 10 11 13 NA NA 8 8 11 NA NA 
Delayed Visual Reproduction 1 5 8 Ot NA 8 11 9 NA NA 9 8 11 NA NA 
Attention and Planning i i 
Stroop Color Word 164 30 26 it 2t NAS NA NA Ot NA 38 41 39 NA NA 
Trailmaking (trail B, s) 110 111 108 >800¢ NA 81 83 70 NA NA §2 73 72 NA NA 
Porteus Mazes (test age, y) 12.5 13.0 16.5 4.0% 4.0% 13.0 15.5 13.5 NA NA 15.0 165 16.0 NA NA 
Language 
: WAIS VDQ 113 «117 120 57t¢ NA 114 1084 11 85+ 834 108 118 116 NA NA 
WAIS MDQ 91 109 97 48+ NA 100 91¢ 97 62+ 71t 91 103 106 NA NA 
Syntax Comprehension 2f 21t 22 O¢ 3t 184 17% 22 4t 6t 26 26 26 NA NA 
Controlled Word Association (VF) 28 28 33 Ot NA 27 26 34 6ł 11 51 40 44 TNA NA 
Visuospatial Construction 
WAIS PDQ 89t 103 92ł¢ 46$ NA 122 105 108 46ł 46¢ 100 114 119 NA NA 
Extended Range Drawing 15 16 15 Ot Ot 19 22 17 4$ 24 16 16 19 8t ot 












10 NA NA 


* Asterisk denotes the twin with a diagnosis of dementia of Alzheimer's type, probable Alzheimer's disease, using National Institute of Neurological and Communicative 
Disorders and Stroke~-Alzheimer’s Disease and Related Diseases Association criteria. 
+WAIS indicates Wechsler Adult intelligence Scale; VOQ, Verbal Comprehension Deviation Quotient; MDQ, Memory and Distractibility Deviation Quotient; PDQ, Per- 


Hiskey-Nebraska Block Patterns 





ceptual Organization Deviation Quotient; NA, not administered; and VF, verbal fluency. 
$Differs from control mean by more than 2 SDs (P < .05). Different control samples were used for each twin pair. See text for details. 





vember 1986, and February 1988, re- 

spectively, indicative of severe demen- 
otia; and his Hachinski Ischemic Score 
equaled 1. 

Three measurements of cerebrospi- 
nal fluid concentration of homovanillic 
acid in twin 2A* made between Janu- 
ary 1985 and July 1987 ranged from 31 
to 50 nmol/L; closer to the mean found 
for patients with DAT with extra- 
pyramidal signs including myoclonus 
(60 nmol/L) than to the mean in pa- 
tients with DAT without extrapyrami- 

., dal signs or myoclonus (168 nmol/L).” 


°° Cerebrospinal fluid concentration of 5- 


hydroxyindoleacetic acid in twin 2A* 
measured in September 1985 equaled 
61.4. nmol/L, close to the mean of 
64 nmol/L for patients with DAT with 
extrapyramidal symptoms and myo- 
clonus, as compared with the mean for 
patients with DAT without these signs 
(116 nmol/L).* 

Neuropathologic Examination. — 
Twin 2A* died in September 1988, at 
the age of 63 years. The pathology re- 
port by one of us (M.J.B.) was consis- 
tent with an unequivocal diagnosis of 
Alzheimer’s disease, with no evidence 
of Parkinson’s disease. The formalin- 
fixed brain weighed 1080 g. Corticoce- 
Y rebral atrophy was prominent, partic- 
. ularly in the frontal poles. Large num- 
bers of senile (neuritic) plaques, with 
oceasional well-developed amyloid 


"Arch Neurol—Vol 48, February 1991 


‘ §Twin 2B could not perform the Stroop Color Word due to color blindness. 


cores, were found throughout the hip- 
pocampal formation bilaterally, where 
the pyramidal cortex showed enor- 
mous numbers of neurofibrillary tan- 
gles of the Alzheimer’s type, granulo- 
vacuolar degeneration, and rodlike 
Hirano bodies. Large numbers of neu- 
rofibrillary tangles also were present 
in the amygdaloid nuclei, where nerve 
cell loss was prominent. There was no 
evidence of congophilic angiopathy. 
Vast numbers of senile plaques were 
found throughout the left middle-fron- 
tal and left inferotemporal gyri, with 
neurofibrillary tangles particularly 
prominent in laminae III and V, and 
neuronal dropout evident. The densi- 
ties of neuritic plaques and neu- 
rofibrillary tangles in the multiple re- 
gions sampled fulfilled the quantita- 
tive criteria required for a diagnosis of 
Alzheimer’s disease, proposed by a 
National Institutes of Health panel.” 
Nerve cells in the striatum were well 
preserved, as were neuromelanin-pig- 
mented neurons in both the pars com- 
pacta and pars reticulata of each sub- 
stantia nigra. Extensive search failed 
to reveal a single intracytoplasmic 
Lewy inclusion body or a neurofibril- 
lary tangle in either substantia nigra. 
A modest amount of iron was depos- 
ited within the nigrostriatal tract. 
The normal twin, 2B, has no re- 
ported difficulty in any cognitive func- 
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tion. He has essential hypertension 
and gout, and is on a regimen of pra- 
zosin and zyloprim (Burroughs Well- 
come, Research Triangle Park, NC). 
His blood pressure in August 1987 was 
162/90 mm Hg. He was neurologically 
normal on repeated examinations, 
with a normal mental status and 
MMSE scores of 29, 29, and 30 in Sep- 
tember 1985, May 1986, and October 
1986, respectively. His Hachinski Is- 
chemic Score equaled 1. In September 
1985, his cerebrospinal fluid concentra- 
tion levels of homovanillic acid and 5- 
hydroxyindoleacetic acid equaled 
49 nmol/L and 42 nmol/L, respec- 
tively. 

Twin Pair 3.—Twins 3A* and 3B, » 
born in June 1926, are white women 
who were raised in Montana. Both at- 
tended college for 1 year, before taking 
teaching jobs. Both women married at 
the age of 21 and lived in the same 
neighborhood until twin 3A* moved to 
a nursing home 3 years ago. There is no 
positive family history for DAT (Fig 1, 
twin pair 3). 

Medical History.—Both twins were 
born at term by uncomplicated vaginal 
delivery; twin 3B was born first. Intel- 
lectual decline in twin 3A* started in 
1980. She currently resides in a nurs- 
ing home. 

Neurological Examination. —In 
April 1986, twin 3A* demonstrated 
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absent spontaneous speech and poor 
understanding of tasks. In April 1987, 
her tendon reflexes were 1+ to 2+ bi- 
laterally, with down-going plantar re- 
flexes. In February 1988, there was, 
-additionally, a grasp reflex bilaterally. 
She was found to have carcinoma of 
the left breast and underwent a suc- 
cessful radical mastectomy. Her 
MMSE scores in August 1985, August 
1986, and February 1988 were 7, 1, and 
0, respectively, and her Hachinski Is- 
chemic Score equaled 1. 

The unaffected twin, 3B, is a house- 
wife with normal intellectual and so- 
cial functioning. The results of her 
medical and neurological examina- 
tions were normal, and she obtained 
the MMSE scores of 30, 29, and 30 in 
August 1985, April 1986, and April 
1987, respectively. Her Hachinski Is- 
chemic Score equaled 0. 


Genetic Analysis 


The following blood group and his- 
tocompatibility (HLA) antigen deter- 
minations were made in each twin 
pair: (1) HLA antigens: A, B, C, DR; 
(2) blood group antigens: ABO, Rh (C, 
Cw, D, E, c, e), MNS (M, N, S, s) P (P1), 
Kell (K, k, Kp’, Kp*), Duffy (Fy’, Fy®), 
Kidd (Jk*, Jk’), and Lewis (Le, Le’). 
Each twin pair was found to be 
monozygous with respect to each of 
these antigens. From blood group an- 
tigen conformity alone, the likelihood 
of monozygosity in each twin pair was 
calculated as P < .00001.” 

No difference in the EcoRI or 
HindIII restriction patterns was ob- 
served between the affected and the 
normal twin at any of the three chro- 
mosome 21 loci examined. Conse- 
quently, no evidence against monozy- 
gosity was observed, nor was there ev- 
idence of a postzygotic structural 


defect in chromosome 21 in any af- 
fected twin. 


Cognitive, Neuroanatomic, 
and Metabolic Measurements 


Neuropsychological test scores on 
initial examination (Table 1) demon- 


strated that each affected twin was se- 
verely demented, as illustrated by the 
Mattis Dementia Seale score. Test 
scores were not recorded if the patient 
could net comply with instructions. 
Affected twins 1A* and 3A* showed 
worsening of dementia over the follow- 
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Fig 2.—Initial and final computed tomographic scans of normal and affected twins, at 55 mm above 
the inferior orbitomeatal line. Computed tomographic scans for twin pair 1 were taken in February 
1985 and January 1987 (normai) and in February 1985 and February 1986 (affected); for twin 
pair 2, in September 1985 and August 1987 (normal) and in September 1985 and June 1987 (af- 
fected); and for twin pair 3, in August 1985 and April 1987 (normal) and in May 1985 and April 


1987 (affected). 
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Differs by 2 SDs from appropriate control mean. 
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up periods of a year or less, whereas 
affected twin 2A* did not have lower 
scores on an 8-month follow-up, but 
had a reduced Mattis score, of 37, after 
“29 months (February 1988). 
-: Some initial test scores of normal 
twin 1B were more than 2 SDs below 
control means. With one exception 
(WAIS Perceptual Organization Devi- 
ation Quotient), these differences dis- 
appeared on subsequent examination. 
Initial low values may have been due to 
anxiety, or to the fact that control 
subjects were more educated than twin 
1B (see “Subjects and Methods” sec- 
tion). Some test scores of normal twin 
2B also were significantly reduced on 
“initial examination, but on the third 
{August 1987) and later (March 1988 
and March 1990) examinations (not 
reported in Table 1), cognitive test 
scores were normal and constant. No 
test score of normal twin 3B was ab- 
normal, not only at the times noted in 
Table 1, but in November 1988 as well. 
No unaffected twin had an abnormal 
score on the Delayed Story Recall, a 
test of memory that is characteristi- 
cally impaired in early DAT.” Thus, 
there was no evidence of abnormal or 
deteriorating cognitive function in 
“normal twins. Function was stable in 
twin 1B for 2 years, in twin 2B for 5 
years, and in twin 3B for more than 3 
years. 

Figure 2 illustrates initial and final 
CT scans of normal and affected twins. 
Whereas ventricular dimensions were 
read as normal for each unaffected 
twin, the lateral ventricles in each af- 
fected twin were markedly dilated at 
all times, and severe gyral atrophy was 
apparent. 

Table 2 summarizes volumetric data 
derived from the CT scans. The net 
volume of the lateral ventricles of twin 
1A* at initial examination equaled 138 
cm’, 6.6 times the mean of 21 cm? for 


-cage-matched male control subjects, 


-whereas the initial volume of the third 
ventricle was about twofold higher 
than the control mean (P < .05). The 
third and right lateral ventricles of 
twin 2A* and the left lateral ventricle 
of twin 3A* also were significantly di- 
lated on initial scans. With respect to 
rates of volume change, the third ven- 
tricle of twin 1A*, the left lateral ven- 
tricle of twin 2A*, and the right lateral 
ventricle of twin 3A* dilated more 
rapidly than in age- and sex-matched 
control subjects. No abnormal ventric- 
ular volume or rate of change of ven- 


«, trieular volume was noted in any un- 


“affected twin (Table 2). Rates of 
change of lateral ventricular volumes 
of twin 3B are not given in Table 2 be- 
eause of the inadequacy of her final CT 
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(Fig 2). 

Table 3 summarizes serial rCMR,, 
values and their ratios to mean gray 
matter CMR,,, as well as metabolic 


asymmetries (Equation 1) for each 
twin. Individual measurements were 
compared, using a Z-score analysis, 
with appropriate means for age-, sex- 


-Table 3.—Serial Analyses of Cerebral Glucose Utilization in Identical Twins * 


Affected Twin 


Evaluation 


Normal Twin 





Twin Pair 1 


Date 2/85 


2/87 


2/85 2/86 





Scanner ECAT 


SCX 


ECAT ECAT 





rCMR,,., mg - 100g7' - min“! 
(rCMR,./CMR,..) 
R frontal 


3.29} (.92) 2.84+ (.92t) 2.73ł (82t) 


4.41 (.94) 5.29 (.97) 7.38 (1.0) 





L frontal 


2.96t (.83t) 2.47+ (.80t) 2.44¢ (741) 


4.64(94) 5.60 (1.03) 7.69 (1.00) 





R parietal 3.33 (.93) 


2.54¢ (82t) 2.43¢ (73t) 


4.64 (.94) 5.08 (94) 7.46 (1.01) 








L parietal 


2.74¢ (.77t) 2.34+¢ (75+) 2.30t C69) 


4.79 (1.02) 5.37 (.99) 8.03 (1.09) 





R temporal 3.30t (92) 2.60+ (.84) 


3.43 t (1.03) 


4.20 (90) 4.84 (.89) 7.18 (.97) 





L temporal 


3.19¢ (.89) 2.13t (69+) 2.85¢ (86) 


4.29 (.91) 5.07 (.94) 7.80 (1.02) 





R calcarine 4.76 4.13 


4.88t 


4.58 5.10 7.30 





L caicarine 4.66 3.73 


4.67 


t 4.75 5.05 8.30 








R sensorimotor 3.58 3.68 


3.04ł 


4.73 5.26 7.61 





L sensorimotor 3.57 3.32f 


3.56ł 


4,90 5.75 8.43 





R-L asymmetry index, % 


Frontal 10.2ł 13.8ł 


11.4 


t —5.1 ~5.8 ~4.l 





Parietal 19.3t 8.2 


5.3 


—3.1 -5.4 





Temporal 3.3 20.1¢ 


18.5¢ 


2.1 4.4 


Twin Pair 2 


Date 11/86 


8/87 





Scanner SCX 


SCX 





TCMR,.. Mg - 100g”! - min”! 
(rGMR,,./CMR,,.) 


R fontal 5.47 (1.18t) 


7.65 (1.08) 7.94 (1.05) 





L frontal 5.53 (1.14t) 





3.01t (67) 


R parietal 








L parietal 
R temporal 
L temporal 


3.084 (.67t) 
3.69¢ (81t) 
3.80t (.82) 


7.20 (1.02) 7.76 (1.03) 
7.17 (1.02) 7.98 (1.06) 
6.22 (88) 7.70 (1.02) 
6.95 (94) 7.16 (.95) 
6.45 (.91) 6.93 (.92) 





R calcarine 


3.92t 


7.91 6.53 





L calcarine 


3.75¢ 


8.46 7.68 





R sensorimotor 


4.32t 


7.42 8.73 





L sensorimotor 4.44ł 


6.78 8.81 





R-L asymmetry index, % 
Frontal —1.0 


6.0 2.3 





Parietal ~2.3 


14.2t 3.5 





Temporal -3.0 


7.5 3.2 


Twin Pair 3 


Date 4/86 


4/87 3/88 





Scanner ECAT 


SCX SCX 





rCMRac mg- 100g~' . min™' 
(rCMR pie / CMR aio) 


R frontal 2.52ł (.79t) 


5.90 (1.00) 7.47 (.92) 9.57 (1.05) 





L frontal 2.42¢ (.75t) 





5.70 (1.00) 7.08 (87) 9.43 (1.03) 





R parietal 2.62¢ (82+) 


5.50 (.97) 10.1 (1.24) 10.1 (1.10) 





L parietal 2.37+ (.74t) 


5.40 (.94) 9.47 (1.16) 10.1 (1.10) 





R temporal 2.20t (.69t) 


4.93 (.86) 8.76 (1.08t) 8.82 (.96) 





L temporai 2.27¢ (.71t) 


4.91 (.85) 8.57 (1.05t) 8.02 (.87) 





R calcarine 4.09t 


5.20 9.27 9.69 





L caicarine 3.87¢ 


5.21 9.69 9.70 





R sensorimotor 3.78+ 


8.42 8.69 10.18 





L sensorimotor 3.55¢ 


5.91 8.53 9.94 





R-L asymmetry index, % 
Frontal 4.0 


3.0 5.3 1.3 





Parietal 10.0t 


3.1 6.5 0.26 





Temporal -3.0 





0.7 2.2 9.4 


* ECAT indicates ECAT li tomograph; SCX, Scanditronix tomograph; rCMR,,,, regional cerebral metabolic rate 
for glucose; (rCMR,,,/CMR,,.), regional metabolic rate divided by mean gray matter metabolic rate; R-L asym- 
metry, difference between rCMR,,, values on right and left side, divided by their mean (see Equation 1); R, right; 


and L, left. 


+Differs from sex-, age-, and machine-matched control mean”? by 2 SDs (P < .05). 
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Fig 3.—Positron emission tomographic scans demonstrating cerebral metabolic rates for glucose 


(rCMR,,.) in units of mg - 100 g7. 


min”, in affected (left-hand column) and normal (right-hand 


column) identical twins, Scans are taken at 55 mm above the inferior orbitomeatal line. Scans of 
twin pairs 1 and 3 are from the ECAT il tomograph, whereas those of twin pair 2 are from the 
Scanditronix tomograph. Dates of scans are noted in the figure. 


and machine-matched control sub- 
jects, as reported elsewhere.” The 
Scanditronix tomograph provided gen- 
erally higher recovery rates for 
rCMR,,, than did the ECAT H machine, 
as described previously.* 

In each affected twin, most rCMR,. 
values were more than 2 SDs below the 
control means (P < .05). These reduc- 
tions also are illustrated in Fig 3. For 
example, rCMR,,, in the right parietal 
lobe of twin 1A* was 49%, 42%, and 
31% of the control mean in his three 
serial PET scans, and 85%, 74%, and 
60% of the control mean in the right 
ealcarine cortex. This decline during 2 
years of observation corresponded to 
declining cognitive test scores (Table 
1). The rCMR,, in the right parietal 
and right calearine regions of twin 2A* 
were 39% and 48%, respectively, of the 
control mean on the first and only scan. 
For twin 3A*, the rCMR,, values were 
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46% and 69%, respectively, of the con- 
trol means. Comparison of data in Ta- 
ble 3 with measurements on patients 
with DAT by Duara et al” shows that 
each affected twin had rCMR,, values 
consistent with severe dementia, as 
measured with the MMSE. 

In twin 2A* and twin 3A%*, signifi- 
cantly reduced metabolic ratios were 
apparent in the parietal, temporal and, 
for twin 3A*, frontal association cor- 
tices on the first and only tolerated 
scans. Twin 1A*, who tolerated three 
consecutive scans, had consistently re- 
duced metabolic ratios in the frontal 
and parietal lobes, but not in the tem- 
poral lobe. 

The metabolic asymmetry index 
(Equation 1) was unremarkable in 
twin 2A*, abnormal in the parietal as- 
sociation cortex of twin 3A*, and ab- 
normal in the association cortices in 
all three scans of twin 1A*. There was 


no evidence that any PET scan of an 
unaffected twin showed an abnormal 
image, except for the initial abnormal 
metabolic asymmetry index of 2A*, 
which probably was due to chance. In 
no unaffected twin was there evidence 
of worsening of any PET measure. 


COMMENT 


This study documents discordance 
of DAT in three twin pairs whose 
monozygosity was confirmed by exten- 
sive HLA and blood group antigen 
typing. In each twin pair, discordance 
was demonstrated repeatedly over a 
period of 2 to 3 years with respect to 
clinical examination and history, cere- 
bral glucose utilization, and brain ven- 
tricular volumes and for 2 to 5 years 
for neuropsychological test scores. 
Discordance has been maintained for 
11 years in twin pair 1, 8 years in twin 
pair 2, and 9 years in twin pair 3 (10 
years in twin pair 2 and 11 years in 
twin pair 3 on the basis of cognitive 
testing alone). No aspect of birth, de- 
velopment, social or medical history, 
or history of toxic exposure, could dis- 
tinguish one twin from another, until 
one developed slowly progressive cog- 
nitive impairment diagnosed as DAT. 

Postmortem examination of twin 
2A* revealed Alzheimer’s disease 


without concurrent Parkinson's dis- 
ease, even though he had the extra- 
pyramidal signs and myoclonus. This 
syndrome occurs frequently in moder- 
ately to severely demented patients 
with early onset of DAT, and is accom- 
panied by reduced cerebrospinal levels 
of homovanillic acid and 5-hydroxyin- 
doleacetic acid.* His cerebrospinal 
fluid profile of these measures was 
consistent with the group pattern. Ab- 
sence of neuropathological evidence of 
Parkinson’s disease in twin 2A* indi- 
cates that extrapyramidal signs with 
myoclonus, with cerebrospinal fluid 
abnormalities, can accompany Alzhei- 
mer’s disease alone. On the other hand, 
a recent report” indicates that some 
patients with extrapyramidal signs 
represent a variant of Alzheimer’s dis- 
ease, with cortical and subcortical 
Lewy bodies and gross pallor of the 
substantia nigra. 

Twin 2B also had comparatively low 
levels of cerebrospinal fluid concentra- 
tions of homovanillic acid and 5-hy- 
droxyindoleacetic acid. These low val- 
ues may have been related to his med- 
ications. 

Although autopsy proofs of Alzhei- 
mer’s disease in the remaining two af- 
fected twins are as yet unavailable, 
their clinical histories and examina- 
tions, together with evidence of wors- 
ening cognitive metabolic and ana- 
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: tomic measures and Hachinski Is- 
chemic Scores below 7, make it likely 
that both had Alzheimer’s disease.” In 
our previous studies with this extent of 


r “documentation, nine of 10 patients 


who died with a premorbid diagnosis 
of DAT (probable Alzheimer’s disease, 


-| by the National Institute of Neurolog- 


ical and Communicative Disorders and 
Stroke-Alzheimer’s Disease and Re- 
lated Diseases Association criteria)” 
were shown on postmortem examina- 
tion to have had Alzheimer’s disease.” 

In so far as cognitive test scores in 
the unaffected monozygotic twins pro- 
vide good estimates of premorbid 


x. scores in the affected twins, the 


striking differences in IQ and other 
| cognitive measures between the af- 
-fected and unaffected twins clearly re- 
-fect disease in the affected twins. The 
test profiles in the affected twins cor- 
respond to profiles of severely de- 
mented patients with DAT, which are 
characterized by severe impairment in 
all tests of memory, language, and 
cognition.” 
It is likely that initially reduced 
cognitive test scores for normal twins 
1B and 3B. (Table 1) reflected initial 


yey, anxiety (as the reductions essentially 


disappeared on later evaluation), and, 
_ for twin 1B, his lower educational sta- 
tus as compared with control subjects. 

In no unaffected twin was a score 

abnormal on the Delayed Story Recall 

test, a memory measure usually af- 
fected in early DAT.“ Furthermore, 
longitudinal reevaluation to date has 
demonstrated no deterioration in any 
test score, providing evidence for the 
absence of a progressive, preclinical 
disease state in each unaffected twin. 

This conclusion is consistent with the 

absence of neuroanatomic and cere- 

bral metabolic evidence of abnormal- 
. ity or of deterioration in any unaf- 
feeted twin. 

‘Enlarged lateral and third ventri- 
cles in the affected twins, and abnor- 
mal rates of enlargement of their lat- 
eral ventricles, characterize patients 
with DAT.’ In severely demented 
patients with DAT, however, mark- 
edly enlarged lateral ventricles may 
not show further enlargement (C. De- 
Carli, MD, oral communication, Janu- 
ary 5, 1990). As illustrated by Table 2, 
no enlargement of the ventricles in any 
unaffected twin was noted, nor was 
there any evidence of acceleration of 
the rate of enlargement of the ventri- 
cles. 

-o Regional abnormalities of absolute 
Y values of rCMR,,, measured with PET, 
metabolic asymmetry indexes, and 
“metabolic ratios, are found generally 
in patients. with DAT.” Such 
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abnormalities were evident in each af- 
fected twin. For example, PET mea- 
surements in twin 1A* demonstrated 
abnormalities in the association areas, 
but not in the sensorimotor or calcar- 
ine cortices (Table 3). Involvement of 
the calearine and sensorimotor re- 
gions, as well as the association areas, 
in the scans of twins 2A* and 3A* and 
the later scan of 1A*, is found in 
patients with severe DAT.” 

No unaffected twin demonstrated a 
consistent cerebral metabolic abnor- 
mality on PET. These results support 
the discordance of each of the three 
twin pairs, with respect to the meta- 
bolic profile of DAT. They also do not 
indicate any preclinical or related met- 
abolic abnormality in any discordant 
twin. Indeed, Fulham et al“ could not 
identify any PET-related abnormality 
in the three at-risk subjects who later 
developed DAT. 

To our knowledge, ours is the only 
reported study of monozygotic twins 
said to be discordant for DAT, docu- 
mented with neuropathology (1 case), 
proved monozygosity, and detailed 
neuropsychological testing, PET and 
quantitative CT. Ours also is the only 
such study, to our knowledge, in which 
repeated measures between 2 and 5 
years have been gathered. In earlier 
twin studies by Kallmann‘ and Jarvik 
et al,’ monozygosity was not proved 
and diagnoses of “senile psychosis” 
and “organic brain syndrome in the 
senium” were used rather than DAT, 
according to more critical criteria.?” 
Of discordant DAT twins said to be 
monozygotic, explicit documentation 
by HLA and/or blood group antigen 
typing was presented only by Hunter 
et al‘ Renvoize et al, Zubenko and 
Ferrell, Resnick et al,'* and Nee et al" 
(three of 10 twins reported). In these 
latter studies, postmortem confirma- 
tion of Alzheimer’s disease was pro- 
vided only by Hunter et alt and Ren- 
voize et al.” 

The rate of discordance for DAT in 
monozygotic twins has been estimated 
as 50% to 60%," entirely from single, 
cross-sectional reports of discordance. 
However, as appearance of DAT ina 
previously unaffected twin may occur 
even after 11 years of apparent 
discordance,'* the absence of longitu- 
dinal follow-up in prior reports of dis- 
cordance makes it likely that the dis- 
cordance rate for DAT is less than 
50%.” 

Our twins have remained discordant 
with respect to several sensitive mea- 
sures of brain function, for between 8 
to 11 years (10 to 11 years, if cognitive 
testing alone is considered). As the 
longest reported difference in age at 


onset for DAT in concordant monozy- 
gotic twins is 11 years," it is likely that 
each of our twin pairs truly is discor- 
dant. Discordance in monozygotic 
twins has been reported in some indi- 
viduals for up to 16 and 20 years,°? 
strongly suggesting that discordance 
can exist. 

Recent evidence indicates that the 
proximal region of the q arm of human 
chromosome 21 contains a familial 
Alzheimer’s disease locus that segre- 
gates with the disease phenotype in 
families with early-onset DAT (H. Orr, 
MD, personal communication)*°“ 
(but see Roses et al“). We found no in- 
dication of a structural defect in the 
close vicinity (10 to 15 kb) of any of the 
three DNA loci on the proximal long 
arm of chromosome 21. None of these 
markers is very close to the familial 
Alzheimer’s disease locus on chromo- 
some 21. There may be additional fa- 
milial Alzheimer’s disease loci on 
other chromosomes,” and our analy- 
ses would be insensitive to point mu- 
tations. Because of these limitations, 
discordance in each of the three twin 
pairs cannot yet be attributed to a 
nongenetic etiology. Until the familial 
Alzheimer’s disease gene is isolated 
and available as a probe, we cannot 
rule out a mutation following cleavage 
of the embryo, rather than the influ- 
ence of intrauterine or environmental 
factors. 

In conclusion, our data indicate pro- 
longed (8 to 11 years) metabolic, struc- 
tural, and neuropsychological discor- 
dance for DAT in three sets of monozy- 
gotic twins. The same measures 
strongly suggest that each of the af- 
fected twins had Alzheimer’s disease 
(confirmed by autopsy in 1 case). The 
unaffected twins continue to show no 
sign of decline on serial neuropsycho- 
logical and other testing. 
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20 A high-affinity muscarinic receptor 
antagonist, '*IQNB (3-quinuclidinyl-4-io- 
- dobenzilate labeled with iodine 123), was 
used with single photon emission com- 
‘puted tomography to image muscarinic 
acetylcholine receptors in 14 patients with 
dementia and in 11 heaithy controls. High- 
resolution single photon emission com- 
puted tomographic scanning was per- 
formed 21 hours after the intravenous ad- 
ministration of approximately 5 mCi of 
IQNB. In normal subjects, the images of 
retained ligand showed a consistent re- 
gional pattern that correlated with post- 
mortem studies of the relative distribution 
of muscarinic receptors in the normal hu- 
man. brain, having high radioactivity 
counts in the basal ganglia, occipital cor- 
tex, and insular cortex, low counts in the 
thalamus, and virtually no counts in the 
“cerebellum. Eight of 12 patients with a 
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clinical diagnosis of Alzheimer’s disease 
had obvious focal cortical defects in either 
frontal or posterior temporal cortex. Both 
patients with a clinical diagnosis of Pick’s 
disease had obvious frontal and anterior 
temporal defects. A region of interest sta- 
tistical analysis of relative regional activity 
revealed a significant reduction bilaterally 
in the posterior temporal cortex of the pa- 
tients with Alzheimer’s disease compared 
with controls. This study demonstrates the 
practicability of acetyicholine receptor im- 
aging with '“IQNB and single photon emis- 
sion computed tomography. The data sug- 
gest that focal abnormalities in muscarinic 
binding in vivo may characterize some pa- 
tients with Alzheimer’s disease and Pick’s 
disease, but further studies are needed to 
address questions about partial volume 
artifacts and receptor quantification. 
(Arch Neurol. 1991;48: 169-176) 


A defect in acetylcholinergic neuro- 
transmission is a characteristic 
feature of Alzheimer’s disease (AD). 
Studies of postmortem tissue’ and of 
cortical biopsy specimens*"? from pa- 
tients with AD have consistently dem- 
onstrated reduced markers of presyn- 
aptic cholinergic activity. Data about 
postsynaptic activity, however, have 
been inconsistent, especially with re- 
speet to muscarinic-type cholinergic 
receptors. While most postmortem 
studies have not found differences 


between patients with AD and nor- 
mal controls in density or affinity 
of postsynaptic muscarinic recep- 
tors,'?>**319 reports of decreased?>"** 
and increased*'** receptor density 
have also appeared. The reasons for 
these discrepancies are uncertain, but 
they probably involve differences in 
patient sampling, tissue processing, 
and assay methodology.” Because of 
such methodological difficulties and 
the additional possibility that in vivo 
receptor binding and binding deter- 
mined in vitro on postmortem tissue 
may be different,” the opportunity to 
study muscarinic receptor binding in 
vivo in patients with dementia is 
an important research and clinical 
agenda. 

In 1984, Eckelman et al” reported 
that 3-quinuclidiny]-4-iodobenzilate 
(IQNB), an iodinated derivative of the 
high affinity muscarinic receptor an- 
tagonist 3-quinuclidinyl benzilate 
(QNB), could be labeled with iodine 123 
and used in conjunction with single 
photon emission computed tomogra- 
phy (SPECT) to.image the distribution 
of muscarinic receptors in living sub- 
jects. They studied one normal indi- 
vidual and one patient with a clinical 
diagnosis of AD and found in the 
patient a relative reduction in the re- 
tention of the radioactive compound in 
the left temporoparietal cortex 15 © 
hours after intravenous administra- 
tion. We report herein our experience - 
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with IQNB and high-resolution 
SPECT as an approach to studying in 
vive the distribution of muscarinic re- 

ceptors in a larger sample of normal 
~-gubjects and patients with clinical di- 
- agnoses of primary degenerative de- 
mentia. 


PATIENTS AND METHODS 
Patients 


Fourteen patients (eight men, six women; 
mean age, 64.6 years), 12 with a clinical di- 
agnosis of AD and two with a clinical diag- 
nosis of Pick’s disease (PD), participated in 
this study. Each patient had been followed 


HS up in the outpatient clinics of the National 


Institutes of Health, Bethesda, Md, for at 
least 6 months. Diagnosis was based on Di- 
agnostic and Statistical Manual of Mental 
Disorders, Revised Third Edition, criteria 
and included a history of gradually pro- 
gressive intellectual deterioration without 
focal motor or sensory signs and a labora- 
tory examination that was negative for 
other significant illnesses. The findings of 
CT and/or magnetic resonance imaging 
(MRI) were negative except for signs of 
generalized atrophy in the patients with 
AD and frontal-anterior temporal atrophy 
in the patients thought to have PD. The 
Hachinski score” was less than 4 in each 
case. The diagnosis of PD was suggested by 
the presence of frontal lobar atrophy on 
MRI scan, a history of personality change 
seemingly out of proportion to the extent of 
cognitive deterioration, and a profile of 
neuropsychological deficits suggestive of 
“prominent frontal dysfunction. The Mattis 
Dementia Scale? was administered to each 
patient prior to the SPECT scan to score 
general cognitive deficits, which were in the 
mild to moderate range in most cases. The 
clinical characteristics of these patients are 
described in Table 1. Each patient was alert 
and cooperative at the time of testing, and 
none was receiving medication with prom- 
inent cholinergic effects. 


Control Subjects 


Eleven normal volunteers (10 men, one 
woman; mean age, 63.8 years; age range, 42 
to 83 years) served as controls. Four control 
subjects were spouses of patients in the 
study; the remainder were paid respon- 
“dents to advertisements in the National In- 

stitutes of Health normal volunteer office. 
Volunteers were carefully screened to ex- 
clude individuals with a significant medical 
and/or psychiatric history and to ensure 
that they were also medication free. The 
Mini-Mental State examination” was ad- 
ministered at the time of the scan and 
revealed moderate impairment in two indi- 
viduals (scores of 19 and 20), both of whom 
‘had unremarkable MRI scans and clinical 
histories, and normal scores in the other 
-subjects (score range, 25 to 29). 


Scan Procedure 


= Iodine 123 was prepared in a cyclotron by 
— > the (p,5n) reaction that eliminates contam- 
> ination with iodine 124. The ‘“WIQNB was 
~. gynthesized using the Wallach triazene ap- 
proach, as previously described.** Specific 
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Table 1.—Patient Characteristics * f 






























































Patient 
No./ Age, Clinical Years of Mattis 
y/Sex Diagnosis Symptoms Scoret MRI/CT IQNB Pattern 
T/78/F AD 5 133 Diffuse atrophy Bitrontal defect 
2/73/F AD 1 129 Minimal atrophy, Bifrontal defect 
greatest in left { 
temporal lobe 
3/58/M AD 4 124 Diffuse atrophy No obvious focal defects 
4/82/M AD 4 112 Diffuse atrophy No obvious focal defects 
5/65/M AD 5 109 Diffuse atrophy No obvious focal defects 
6/57/M AD 4 105 Diffuse atrophy Left temporoparietal 
defect 
7/80/F AD 5 98 Minimal diffuse No obvious focal deficits 
atrophy 
8/58/M AD 3 97 Diffuse atrophy Temporoparietal defect, 
left > right 
9/55/M AD 2.5 97 Diffuse atrophy; Bilateral temporoparietal 
ventriculomegaly, defects, right > left 
right > left 
10/49/F AD 2 92 Severe atrophy, Bilateral temporoparietal 
especially in and right frontal defects 
parietal lobes 
11/66/F AD 7 51 Diffuse atrophy, Bilateral temporoparietal 
greater in temporal defects 
and parietal lobes. 
12/64/M AD 6 NA Severe diffuse Bilateral temporoparietal 
atrophy defects 
13/57 /F PD 3 94 Frontotemporal Bifrontal defect 
atrophy 
14/65/M PD 2 82 Frontotemporal Bifrontal defect 
atrophy, left > 





right 


* MRI indicates magnetic resonance imaging; CT, computed tomography; IQNB, 3-quinuclidinyi-4-iodobenzi- 
late; AD, Alzheimer’s disease; PD, Pick’s disease; and NA, not available. 


tFrom Mattis. 


activity was determined for each synthesis 
and averaged 660 Ci/mmol. Each subject 
received approximately 5 mCi '*IQNB by 
intravenous injection over a period of 1 to 2 
minutes while seated with eyes open. No 
clinical or subjective effects of the drug 
were observed. The radiation dosimetry 
calculated for this dose is 505 mrem to the 
brain, the organ of maximum exposure af- 
ter thyroid blockade with Lugol’s solution. 
The subjects remained in the laboratory for 
approximately 2 hours after administra- 
tion and then went home. 

The subjects came to the scanning room 
the following day for the SPECT sean. The 
scan procedure began approximately 21 
hours (range, 17 to 24 hours) after injection 
of the radioligand. The subject was seated 
in a semireclined position in a comfortable 
dental chair, which was then raised to bring 
the head into the scanner gantry. After the 
head was positioned with external marker 
lights to set the angle of the slices parallel 
to, and at set distances from, the canth- 
omeatal line, it was immobilized within the 
gantry aperture using foam rubber inserts. 
Most subjects watched a movie on videotape 
during the procedure to minimize boredom 
and movement. The scanner is a dedicated 
head SPECT system (Tomomatic 564, Med- 
imatic Inc, Copenhagen, Denmark) that 
consists of four detector boxes in a rapidly 
rotating square array. Each detector box 
contains 16 sodium iodide scintillation 
erystals, 25 photomultiplier tubes, and a 
double-focusing lead collimator.* We used 


a high-resolution collimator that collects 
four true slices simultaneously (8- to 9-mm 
resolution [full-width half maximum] in 
plane, 10 mm thickness, 10-mm gap be- 
tween slices). After the first scan, the chair 
was moved down 10 mm, repositioning the 
head for a second series of slices. This pro- 
cedure yielded eight contiguous true slices 
in a total acquisition time of 80 minutes 
with approximately 750000 counts per slice. 
One subject (patient 2) was scanned using a 
prototype collimator, 6-mm resolution 
(full-width half maximum) in plane. Im- 
ages were reconstructed using a standard 
filtered back projection algorithm that in- 
cludes attenuation and ‘background 
corrections.” Attenuation correction was 
performed by the first-order precorrection 
technique of Kay and Keyes,” which utilizes 
the arithmetic mean of opposing projec-, 
tions. This method employs an attenuation 
constant and the distance each projection 
traverses in the attenuating volume to de- 
termine the magnitude of the correction 
factor applied to each projection. We deter- 
mined the optimum value of the attenua- 
tion constant for our scanner configuration 
empirically, by reconstructing scans of a 
uniform flood phantom approximating the 
geometry of the human head and then 
choosing the value that yielded the most 
uniform profile for iodine 123. Uniformity 
and background corrections were applied 
on a channel-by-chamnel basis by counting 
a uniform iodine 123 flood phantom and 
background count rates immediately prior 
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AF ysis: one slice through the basal ganglia 
` (BG), which included caudate and putamen, 
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Fig 1,—lodine 123-labeled 3-quinuclidinyl-4-iodobenzilate single pho- 
ton emission tomographic images of a normal subject (upper row) and 
corresponding magnetic resonance imaging scans. Images on the left 
are cortical slices 20 mm above basal ganglia (BG) level. images on the 
right are cortical slices 30 mm above BG level. Left hemisphere is on the 
left side of the image. 





Fig 2.—Region of interest overlay conformed by computer. to basal 
ganglia (BG) slice (upper) and 20-mm cortical slice of iodine 123- 
labeled 3-quinuclidinyl-4-iodobenzilate single photon emission tomo- 
graphic images of a normal subject. In the BG slice, 1 corresponds to 
caudate; 2, putamen; 3, thalamus; 4, insular cortex; 5, frontal cortex; 6, 
temporal cortex; and 7, occipital cortex. In the cortical slice, 1, medial 
frontal cortex; 2, lateral frontal; 3, pericentral; 4, temporal; and 5, oc- 
cipital. 





to each scan. Correction was also made for 140 r 
the decay of iodine 123 over the time inter- 
val separating the two scan sequences (typ- 
ically 3% to 4%). 420 } 


Region of interest (RO!) Analysis 


Based on in vitro autoradiographic data 
on the distribution of muscarinic receptors 
in the human brain,” and on the results of 
studies of regional cortical metabolism in 
patients with AD,’ we selected three 
SPECT slices for relative distribution anal- 


100 + 


% of Caudate 


and two more superior slices through the 
cortex. The BG slice was determined by re- | 
ferring to the MRI scans (or the CT scans in 40 
the case of three patients with AD for 
whom MRI scans were not available), which 
included an axial series parallel to the can- 20 
thomeatal line. In every case, the slice 
either 30 or 40 mm above the canthomeatal 
_line contained the head of the caudate, 0 
putamen, and thalamus. The SPECT slice 
from the corresponding level for each sub- 
ject was designated the BG slice for that 
subject. The SPECT slices 20 and 30 mm 
above the BG slice were utilized as the su- 
perior cortical slices. These slices were 
usually at the level of the bodies of the lat- 
eral ventricles (Fig 1). An anatomically 
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Fig 3.—Comparison of mean (+ SD) muscarinic receptor density determined by tritiated QNB ra- 
dioreceptor assay and iodine 123-labeled 3-quinuclidinyl-4-iodobenzilate single photon emission 
tomographic data for several brain regions. Tritiated QNB data are taken from in vitro studies in 
the literature and normalized to caudate (see text). 


. shaped ROI overlay was drawn with a 


} manual cursor using the BG SPECT image 
from one of the normal subjects as a model 
(Fig 2). This ROI overlay was then used by 
computer to generate ROI analyses on each 
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of the slices from each of the subjects. This 
process involved elastically adapting the 
ROI overlay to conform to the cortical 
perimeter of each image. Visual inspection 
of the images with the ROI overlay in place 
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and of the corresponding MRI or CT images 
indicated that the elastic adaptation pro- 
cess aligned each of the ROIs with the ap- 
propriate anatomical structure as defined 
by a standard anatomical atlas.“ From the 
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Calor Fig 1,-~lodine 123-labeled 3-quinuclidinyl-4-iodobenzilate single 


Color Fig 3.—Patient 2. lodine 123-labeled 3-quinuclidinyl-4-iodoben- 








photon emission tomography (SPECT) series of eight contiguous hori- 
zontal slices in a normal subject beginning with a slice through the pos- 
terior fossa (upper left) and ending through the superior cortical gray 
matter (lower right). Color scale is keyed to relative activity (see text), 
with white corresponding to 100% and darkest blue to 0%. 





Color Fig 2.—Patient 9. lodine 123-labeled 3-quinuclidiny!-4-iodoben- 
zilate single photon emission tomographic image through basal ganglia 
and cortical slice showing posterior temporal defects. 


zilate single photon emission tomographic images showing frontal 
defects. This scan was performed with a prototype collimator, 6-mm 
resolution in plane (full-width half maximum). 


Color Fig 4.—Patient 13. lodine 123-labeled 3-quinuclidinyl-4-iodoben- 
zilate single photon emission tomographic images showing primarily 
frontal and anterior temporal defects. 


BG slice, the following ROIs were analyzed 
for each hemisphere: caudate, putamen, 
thalamus, insular cortex, and inferior fron- 
tal, lateral temporal, and occipital cortices. 
From the cortical slice 20 mm above the BG, 
the following cortical ROIs were analyzed 
for each hemisphere: medial frontal, lateral 
frontal, pericentral, posterior temporal, 
and occipital. From the cortical slice 30 mm 
above the BG, the following cortical ROIs 
were analyzed for each hemisphere: medial 
frontal, lateral frontal, pericentral, poste- 
rior temporal/inferior parietal, and occipi- 
tal. For technical reasons (eg, misalign- 
ment or movement}, a full set of SPECT 
slices was not available for every subject. In 
addition, the sean of patient 2 was excluded 
from this analysis because it involved 
higher resolution. 

To contro! for individual differences in 
injected dose, specific activity, extraction 
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fraction, and postinjection delay time, we 
adopted a “percent of range” scale for esti- 
mation of the relative distribution of re- 
tained isotope concentration based on the 
mean count rate per unit volume from each 
ROI. This normalization scheme consisted 
of the following steps: (1) the mean count 
rate from the ROI with the lowest mean 
count rate in the full eight slice series was 
subtracted from all ROIs on the assumption 
that it represents “noise” (eg, scatter, back- 
ground, etc); (2) the mean count rate from 
the ROI with the highest count rate in this 
same 80-mm-thick brain volume (typically 
an ROI corresponding to the cuneus of the 
occipital lobe) was assigned a value of 
100%; and (3) the remaining ROIs were 
proportionately scaled to percentage values 
in the range of 0% to 100%. 

A two-tailed ¢ test was used to examine 
ROI differences between patients with AD 


and controls. Beeause of the multiple com- 
parisons, we selected an a value of .01. 


Comparison With In Vitro Studies 


To examine the similarity between the 
relative distribution of ‘“IQNB in vivo and 
the relative distribution of muscarinic re- 
ceptors in the normal human brain as 
determined by tritiated QNB in vitro ra- 
dioreceptor assay, we identified six post- 
mortem studies’ in the literature 
that provided receptor density data about 
several comparable brain areas. For each 
study, absolute receptor densities from the 
normal control group were converted to 
relative density by dividing the mean den- 
sity value for a particular structure by the 
value for the caudate and then multiplying 
by 100. A similar sealing procedure was ap- 
plied to the ROI data from our control 
SPECT images. 
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RESULTS 
Control Subjects 


Detailed images with high contrast 


--þetween gray and white matter were 


acquired in all subjects (Figs 1 and 2 


and color Fig 1). A consistent pattern 
_of cerebral retention of the radioli- 
-gand was seen in the control subjects. 


This included highest counts in the BG, 
insular cortex, and occipital cortex; a 
fairly even distribution in the rest of 
the cortex; and relatively low counts in 
the thalamus. Images through the pos- 
terior fossa revealed virtually no 
counts above background in the cere- 
bellum. 


- Comparison With In Vitro Studies 


o -Figure 3 illustrates the comparison 
< of the relative distribution of 'IQNB 









In vivo with muscarinic receptor den- 


sity in vitro in normal controls. In Fig 
5, the relative receptor density in vitro 
from the various studies is plotted for 
several brain regions against the rela- 
tive distribution of IQNB in the scans, 
illustrating the consistency of the rel- 
ative regional differences. It is appar- 
ent. from these figures that there is 


Striking similarity between the data 


from our in vivo studies and the post- 
mortem data. 


_ Patients With Dementia 


In 10 of the 14 patients with demen- 
tia, visually obvious cortical irregular- 


ities in the distribution of ligand were 
seen usually in several contiguous 
slices. The most common pattern in the 
patients with AD was focal defects in 
posterior temporal-inferior parietal 
cortex (five patients, see Table 1 and 
color Fig 2), which was asymmetric in 
two patients. Three of the patients 
with AD had focal defects in frontal 


. cortex (color Fig 3); one of these three 


also had temporoparietal defects. 


>: While these defects tended to corre- 
~ spond to areas of relatively greater at- 


= rophy on MRI scan in four cases, they 





did not in four other cases (see Table 


1). The pattern of atrophy on the MRI 


scans was based on neuroradiologists’ 
interpretations of the seans, which 
were made blind to the SPECT results. 
Both of the patients with the clinical 
diagnosis of PD had dramatic reduc- 
tions in prefrontal and anterior tem- 
poral activity (color Fig 4). In the 
remaining four patients, no unequivo- 
cal focal areas of low activity were seen 
on visual inspection of the scans. 

- The results of the ROI analysis are 
shown in Table 2. As discussed above, 


< several subjects were not included in 








_ this analysis. The results indicate that 


the relative distribution of '“IQNB 
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Fig 4.—-Plot of mean relative muscarinic receptor density from in vitro studies in the literature as 
a function of relative iodine 123-labeled 3-quinuclidinyl-4-iodobenzilate single photon’ emission 
tomographic data for several brain regions, showing consistent interregional relationships across 
studies. 





Table 2.—Comparison of IQNB Percent of Range Mean (+ SD) ROI Values in Patients 
With Alzheimer’s Disease and in Normal Controls * 
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Brain Patients Controls Patients Controls 

___Level/RO! (n = 8) {n = 9) P __(n = 8) (n = 9) P 
BG slice 
Caudate 56.1 (23.2) 65.6 (15.0) NS 57.3 (29.4) 63.5 (14.5) NS 
Putamen 80.9 (12.2) 78.8 (18.8) NS 76.4(14.8)  77.5(19.4). NS 
| Thalamus 289007) 292045) NS 31.2(12.1) 29.3(13.4) NS- 

Insular cortex 79.0 (10.0) 76.0 (16.1) NS 79.1(13.7)  82.2(9.6) NS 
Frontal © 505082) 48.9(11.7) NS  58.1(19.6). _ 57.2 (13.2) — NS 
Temporal 46.0 (14.8) 43.9 (10.8) NS  49.4(13.0)f 62.6 (9.5) 
Occipital 69.8 (22.7) 57.0 (28.3) NS 70.6 (236) 60.2 (27.7) 






















(n = 9) (n = 9) {n = 9) (n= 9) 





BG + 20 mm 





















Medial frontal 54.9 (15.6) 54.6 (10.3) NS 53.9 (10.3) 56.4 (11.9). NS 
g Lateral frontai ~ 37.1 (12.0) 44.5 (11.7) NS 47.6 (15.8) 49.5 (12.3) NS 

Pericentral 56.5 (12.4) 59.9(10.9) NS 583(145)  63.9(11.3) NS 

Temporal 36.2 (16.3) 54.8 (11.2) 01 37.6 (19.3) 63.1 (15.6) 007 










88.7 (10.6) 
{n = 10) 


72.7 (19.3) 
(n = 9) 


85.3 (9.7) 
(n = 10) 


77.4 (21.6) 









Occipital 




















BG + 30 mm 


























Medial frontal 57.6 (16.9) 49.2 (11.8) NS 52.7 (19.6) 49.0 (14,3) NS 
~~ Lateral frontal 36.3 (15.5) 39.0 (14.5) NS 44,9 (14.5) 42.2 (16.0) NS 
Pericentral 54.9 (13.9) 57.5 (9.3) NS 57.1 (13.1) 64.7 (13.1) NS 
Posterior temporal / 
inferior parietal 33.8 (14.5) 47.2 (11.2) 04 36.6 (17.4) 52.2 (10.7) 03. 















Occipital 70.1 (22.6) 81.1 (10.5) 09 = 73.7 (22.6) 84.2 (10.2) NS 


*{QNB indicates 3-quinuclidiny!-4-iodobenzilate; ROI, region of interest; BG, basal ganglia; and NS, not sig: ee 
nificant. : 
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was significantly different for patients 
with AD and controls in the posterior 
temporal cortex bilaterally, but not in 
other regions. Moreover, activity in 
right posterior temporal cortex was 
significantly greater than in the left 
posterior temporal cortex in normals 
(t = 2.7; P < .03; matched-pair t test). 
This asymmetry was not found in the 
patients with AD. 


COMMENT 


We have found that '*IQNB is a 
practical agent for producing high- 
contrast, high-resolution images of the 
brain with SPECT. The compound is 
relatively easy to synthesize and ad- 
minister; it is well tolerated and in- 
volves low-radiation dosimetry and 
because it is not retained by white 
matter, the delayed scans have unusu- 
ally good gray/white matter contrast. 
In animal studies, IQNB has been 
shown to be a high-affinity ligand for 
muscarinic acetylcholine receptors.*” 
Therefore, one might assume that the 
images with this agent at extended 
times postinjection represent the dis- 
tribution of these receptors. This as- 
sumption is supported by the good 
correlation between the relative dis- 
tribution of QNB in the normal SPECT 
scans and the relative distribution of 
muscarinic receptors in postmortem in 
vitro binding studies found in the lit- 
erature. The results of our study also 
suggest that many patients with pri- 
mary degenerative dementia may have 
qualitatively abnormal IQNB SPECT 
scans. Before considering the possibil- 
ity that this represents a muscarinic 
receptor abnormality, several method- 
ological issues will be addressed. 

The pharmacological characteris- 
tics of IQNB binding in humans have 
not been systematically investigated. 
To our knowledge, saturation binding, 
ligand competition, and stereospecific- 
ity studies have not been performed. 
Therefore, it is presently unconfirmed 
that this ligand behaves in humans as 
it does in rats, in which these compli- 
mentary studies have been carried out 
and in which the receptor binding 
characteristics and peripheral metab- 
olism of IQNB have been well 
characterized.*” Even if IQNB fune- 
tions as a muscarinic receptor ligand 
in humans, it is still possible that its 
uptake and retention are primarily 
dependent on blood flow and that the 
images may reflect blood flow more 
than receptor distribution. Indeed, the 
regional patterns of cortical IQNB de- 
fects seen in the patients with demen- 
tia are similar to those seen with blood 
flow tracers and SPECT": and with 
blood flow and metabolism tracers with 
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positron emission tomography.” 

On the basis of these uncertainties, 
it could be argued that the IQNB 
SPECT data provide information pri- 
marily about regional cerebral blood 
flow (rCBF) and that identical infor- 
mation could be acquired with SPECT 
and rCBF tracers such as iodoam- 
phetamine®®* and ”"Tc-HM-PAO.** 
We do not believe that this conclusion 
is correct. In certain brain regions, 
there was a dramatic dissociation of 
rCBF and ligand retention at 21 hours. 
For example, the delayed scans 
through the posterior fossa showed 
virtually no radioligand in the cerebel- 
lum, which is consistent with the low 
density of muscarinic receptors in this 
region” but inconsistent with the fact 
that blood flow to the cerebellum is 
relatively high.” Similarly, retention 
of radioligand in the thalamus was 
relatively much lower than in the BG 
and the cortex, which is consistent 
with the relative density of muscarinic 
receptors® but not with blood flow in 
this region.* The possibility that low 
count rate in the thalamus is an arti- 
fact of improper attenuation correc- 
tion is unlikely because this error 
would have affected the BG as well. 
Moreover, our preliminary experience 
in a small group of patients who have 
undergone both IQNB SPECT and 
'8¥'.2-deoxy-2-fluoro-D-glucose posi- 
tron emission tomography suggests 
that rCBF, to the extent that it is cou- 
pled with regional glucose metabolism, 
does not adequately account for the 
IQNB data.” Ultimately, to assess the 
relative contribution of blood flow and 
specific receptor binding to IQNB im- 
ages, detailed analyses of uptake and 
washout characteristics in vivo are re- 
quired. Judgment on this issue, there- 
fore, must remain reserved until these 
studies are performed. 

It has recently been shown, using 
molecular genetic techniques, that at 
least five subtypes of muscarinic re- 
ceptors exist in the brain. An older, 
pharmacologically based subclassifi- 
cation scheme has been used to char- 
acterize two receptor subtypes, the so- 
called M1 and M2 receptors.®*' It is 
uncertain which muscarinic receptor 
subpopulation is labeled with IQNB in 
vivo. The pattern of distribution in the 
delayed scans is similar to the distri- 
bution of tritiated QNB binding in 
postmortem studies (Figs 4 and 5). 
Tritiated QNB binds with high affinity 
to both M1 and M2 sites.” Neverthe- 
less, animal studies suggest that IQNB 
and tritiated QNB exhibit some differ- 
ences in receptor kinetics. In vive bind- 
ing data in the rat indicate that the 
dissociation rate constant of IQNB at 


the M2 receptor is approximately 16 
times faster than at the M1 receptor, 
even though the affinity of IQNB for 
both receptor subtypes is similar.* 
This difference in dissociation kinetics 
could account for washout of the tracer 
predominantly from M2 sites (eg, thal- 
amus) during the 21-hour period from 
the administration of ligand to the 
scan. Our preliminary experience with 
kinetic studies in monkeys (unpub- 
lished observations) suggests that 
washout of radioligand from the thal- 
amus occurs over several hours, which 
is consistent with the in vivo binding 
data in the rat. 

An unexpected finding in the normal 
subjects was a lateralized asymmetry 
in '2IQNB retention in temporal cor- 
tex. To our knowledge, this finding has 
not been reported in postmortem study 
of normal subjects, perhaps because 
both hemispheres have not been as- 
sayed in the same samples. We did not 
find this asymmetry in the patients 
with AD, which is consistent with a 
postmortem study that assayed re- 
gions of both hemispheres in a similar 
patient population.” 

The majority of the patients with 
dementia had qualitatively abnormal 


scans, characterized by focal areas of * 


relatively reduced retention of radioli- 
gand. If this finding primarily reflects 
receptor binding rather than rCBF, its 
interpretation is still not straightfor- 
ward. Despite efforts to develop a 
model for quantification of muscarinic 
receptor affinity and density that could 
be applied to the SPECT data,“ to our 
knowledge a satisfactory model does 
not yet exist. Therefore, it is unknown 
whether the sean differences between 
patients and control subjects repre- 
sent a change in absolute affinity and/ 
or number of muscarinic receptors. 
For example, it is uncertain whether 


focal pattern defects represent areas ™ 


of reduced binding or of normal bind- 
ing in a brain where other areas are 
upregulated. Moreover, in the patients 
who do not have focal defects on the 
scans, the possibility that they may 
have widespread but evenly distrib- 
uted receptor changes cannot be ad- 
dressed. These caveats notwithstand- 
ing, we agree with Di Chiro and 
Brooks, who emphasized the poten- 
tial importance of qualitative imaging 
data, even without absolute quantifi- 
cation. 

Several explanations could account 
for the pattern of focal defects ob- 
served in the scans of the patients with 


dementia. One possibility is that the $7 


patients have focal areas of reduced 
muscarinic receptor density, perhaps 
because of degenerative changes in the 
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“neural tissue on which these receptors 


reside. This interpretation is intu- 
itively appealing because muscarinic 
receptors in the cortex appear to reside 


on large neurons,*'**’ and this popu- 


lation of cortical neurons is preferen- 
tially lost in AD.“ This interpretation 


< would be consistent with the lack of 
“clinical benefit of muscarinic receptor 
‘agonist drugs.” Unfortunately, this 


explanation is inconsistent with the 
majority of postmortem in vitro bind- 
ing studies, which have not found ar- 
eas of reduced muscarinic receptor 
density. 248- Nevertheless, the data 
from '=IQNB and SPECT and the post- 
mortem literature in diseased individ- 
uals are not readily comparable. Pa- 


“tients in the postmortem studies usu- 
‘ally were more severely affected, and 


binding assays in the postmortem 
studies tend to be performed on very 
small tissue samples from only a few 
discrete brain regions. In fact, only two 
studies reported receptor density in 
the parietal cortex," and it is uncer- 
tain whether any study assayed sam- 
ples from the posterior temporal cor- 
tex. Inconsistencies in the in vivo and 
the postmortem data may also reflect 
aspects of functional receptor activity 
that are apparent only in vivo, a possi- 
bility that is becoming increasingly 
recognized in a variety of receptor 
systems, especially under pathologic 
cireumstances.™ Whether this possi- 
bility exists for muscarinic receptors is 
unknown. It is interesting to note that 
in contrast to the postmortem studies 
of AD, the few examples of muscarinic 
receptor data in patients with PD de- 
scribed reductions in frontal cortex,” 
similar to the relative reduction ob- 
served in the scans of our two patients 
with PD. 

Another possibility for the pattern 
of defects in the patients with AD is 
that the regional findings actually rep- 
resent areas of normal receptor num- 
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ber and that the other areas, especially 
those not typically involved in the 
neuropathologic changes of AD, such 
as occipital cortex and BG, are regions 
in which increased muscarinic recep- 
tor density results from upregulation 
in response to cholinergic deafferen- 
tation. The possibility that the failure 
to find decreased muscarinic receptor 
density in postmortem studies is 
caused by compensatory upregulation 
of preserved receptor domains has 
been raised by several investiga- 
tors.2>?34671 Studies of the behavioral 
effects of muscarinic agonists in pa- 
tients with AD have suggested hyper- 
sensitivity to some of the effects of 
these drugs.” Nevertheless, most of 
the postmortem studies, even those 
that assayed relatively nonpathologic 
sites such as caudate and occipital cor- 
tex, did not find evidence of significant 
receptor upregulation. 

A third possibility is that the find- 
ing of focal defects in apparent relative 
binding is the result of a methodolog- 
ical artifact that complicates tomo- 
graphic scanning of degenerative 
brain disorders. Because of brain at- 
rophy and loss of tissue volume, vol- 
ume elements that comprise the image 
(“voxels”) may have reduced radioac- 
tivity counts due to inelusion of en- 
larged cerebrospinal fluid spaces, even 
though the actual receptor number per 
volume of tissue is normal (the so- 
called partial volume artifact).” We 
cannot rule out that this possibility 
accounts for some of the focal defects. 
However, we doubt that it explains 
them all. Areas of focal atrophy corre- 
sponding exclusively to areas of rela- 
tively reduced radioactive signal were 
only occasionally apparent on the CT/ 
MRI scans of the patients. Since atro- 
phy tends to be more diffuse than focal 
in AD, and since all ROI mean counts 
were normalized to a relatively non- 
pathologic region (usually occipital 
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cortex), we would have expected a 
more widespread pattern of relatively 
reduced cortical “binding” if atrophy- 
related partial volume artifact ac- 
counted for the data. By the same reas 
soning, we would have expected occip- © 
ital binding to have been “relatively” 
greater in the patients than in the 


controls. In fact, in most cortical re- = 


gions, the QNB data did not differ from 
normal, despite widespread cortical 
volume loss on the MRI/CT scans. In 
our experience with another tomo- 
graphic technique (positron emission 
tomography) in some of the same pa- 
tients, the pattern of distribution of 
activity differed considerably in some 
cases,” which would not have been ex- 
pected if partial volume phenomena 
alone accounted for the patterns. 

In conclusion, high-resolution im- 
ages of the retention of a muscarinic 
acetylcholine receptor ligand in the 
human brain can be achieved in essen- 
tially routine clinical practice with 
SPECT imaging and '“IQNB. It is 
likely that the images reflect the dis- 
tribution of the relative density of a 
subpopulation of muscarinic recep- 
tors. The majority of the patients with © 
primary degenerative dementia had 
qualitatively abnormal IQNB SPECT 
scans, perhaps because of focal areas 
of reduced receptor density. This pos- 
sibility and the potential clinical util- 
ity of this technique will remain un- 
certain until further studies are con- 
ducted and possibly until an in vivo 
model for quantification of receptor 
density and affinity with this ligand is 
developed. 
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Results from: 
Comparative cognitive effects of anticonvulsants 


KJ. Meador, DW. Loring, K. Huh, B.B. Gallagher, DW. King 
Nehrology. 1990;40:391-394. 


Patients receiving g phenytoin and 
carbamazepine had virtually 
identical cognitive performances’ 


m Fifteen seizure patients treated with phenytoin, carbamazepine, 
and phenobarbital for 3 months each were given a cognitive 
evaluation at the end of each treatment period’ 


æ Cognitive tests were designed to assess deficits associated 
with anticonvulsants—impairments in memory, information 
processing, attention/concentration, and motor speed’ 


@ Mean cognitive scores and individual responses failed to 
suggest a trend toward differential effects’ 


Mean scores* for cognitive measures 

















































Coordination/Motor Speed | B 72. . 









Cognitive Measures č | Carbamazepine | Phenytoin | Phenobarbital 
Grapho-Motor Coding 48 A 43 
Simple Attention’ | 55 Ea =} aB anc 
Simple Attention’ | 4S 
Selective ‘Reminding Test | a a eee 49 
Repetitive Motor Speed | | i 

| 

| 


Decisional/Motor Speed 





Rigorous study design helped prevent patient 

selection bias—a flaw of most earlier studies 

æ Randomized, double-blind, triple-crossover study design 
helped prevent patient selection bias" 


/ Dosages were adjusted to be within the standard therapeutic 
range (phenytoin, 10 to 20 pg/mL; carbamazepine, 6 to 12 we/mL,; 
phenobarbital, 15 to 40 g/mL)’ 
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Dilantin® KAPSEALS* (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. . 
INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 

d to phenytoin or other hydantoins. 
WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudalymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg. 
fever, rash and liver involvement. 

in all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution shouid 

: be exercised in using this medication in patients suffering from this disease. 

Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital. but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 





“XY majority of mothers on antiepileptic medication deliver 


: normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases.where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient. discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 

„f guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 

. orcorrect this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and iack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (See “Warnings section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected. use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rashis 
of a milder type (measies-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

‘sy Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoins interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due.to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal} and 

~ absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusionai states 
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referred to as “delirium.” “psychosis? or “encephalopathy” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose: 
reduction of phenytoin therapy is indicated if plasma levels are excessive; ifsymptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the impartance of : 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical =~ 
condition in which it is not possible to take the drug orally as prescribed, eg, surgery, etc. : 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first * 
seeking the physicians advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels. or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens. Ho-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides. tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate, Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. ingestion times of phenytoin and antacid 
preparations containing calcium shouid be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenabarbital, . ; 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid and sodium valproate serum levels is unpredictable. 

4, Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamy! transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliformn rash (measles-like) is the most 
common: other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermai necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred. these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormaiities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 
meg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 mcg/mL., but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dase has been taken to resuit in a serum concentration aver 100 
meg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 

in acute overdosage the possibility of other CNS depressants, inciuding alcohol, should be 
borne in mind. 
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Widespread Functional Effects of 
Discrete Thalamic Infarction 


Brigitte Szelies, MD; Kare Herholz, MD; Gunther Pawlik, MD; Hans Karbe, MD; 


Ira Hebold, MD; Wolf-Dieter Heiss, MD 


è In order to investigate functional ef- 
fects of various thalamic structures on 
metabolism in remote, morphologically in- 
tact cerebral regions, we used positron 
emission tomography of ('°F)-2-fluoro-2- 
deoxy-p-glucose to study regional cere- 
bral metabolic rates of glucose (rCMRGlu) 
in 11 patients with chronic unilateral or bi- 
lateral infarcts strictly confined to the 
thalamus. Patients were grouped accord- 
ing to computed tomographic scans show- 
ing anterior (three), medial (four), or pos- 
terior (four) lesions. Compared with a 
matched group of 11 healthy subjects 
(hemispheric CMRGlu 35.2 + 3.49 umol/ 
100 g per minute), glucose metabolism 
was significantly lower in the hemisphere 
ipsilateral to the infarction (31.2 + 2.97 
pmol/ 100 g per minute). Patients with bi- 
lateral infarcts had lower hemispheric 
CMRGlu (29.9 + 2.74 ywmol/100 g per 
minute) than those with unilateral lesions 


Functional hypometabolism in mor- 

phologically intact projection areas 
distant from the site of a typical cere- 
bral infarct is a common finding in 
positron emission tomography (PET) 
of ischemic stroke.'* The main cause of 
this transneural depression called di- 
aschisis by von Monakow’ was sug- 
gested to be the interruption of affer- 
ent projection systems,’ but with 
chronic infarcts anterograde, walle- 
rian degeneration may also be of func- 
tional importance.’ Additionally, ret- 
rograde and transsynaptic degenera- 
tion secondary to the disruption of 
afferent pathways may play a role. The 
extent of remote metabolic deactiva- 
tion is dependent mainly on the loca- 
tion of an infarct, but also the size and 
the severity of the ischemic damage 
were shown to modulate the degree of 
hypometabolism in areas of the cen- 
tral nervous system connected to the 
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{32.2 + 2.97 umol/ 100 g per minute). De- 
pending on infarct location within the thal- 
amus, there was differential depression of 
rCMRGlu, with the largest effects on fron- 
tal and occipital areas in medial infarc- 
tions. Except for ipsilateral thalamic deac- 
tivation, metabolic patterns with anterior 
thalamic infarcts were close to normal, 
while posterior infarcts mostly depressed 
rCMRGlu in the visual and in the inferior 
limbic cortex. Cerebellar metabolic rates 
were within normal limits in most cases. 
These patterns of regional cerebral deac- 
tivation may be related to categories of 
thalamic projections—intrathalamic, to 
limbic system and basal ganglia, diffuse to 
most cortical areas, and specific to de- 
fined neocortical areas. Even smali brain 
lesions may have widespread functional 
sequelae, potentially demonstrable by 
positron emission tomography. 
(Arch Neurol. 1991;48: 178-182) 


lesioned structure.° The thalamus be- 
ing the most important relay station in 
the brain, modulates and coordinates 
almost all other cerebral functions; its 
projections reach nearly all areas of 
the telencephalon, sparing only afew." 
From the experience with lesions in 
other brain structures it might be ex- 
pected that rather limited destruction 
of the diencephalon entails metabolic 
depression of various distant, but 
functionally related, areas. However, 
most studies so far have investigated 
the effect of large subcortical lesions 
involving the thalamus and large fi- 
brous projection systems, eg, in the in- 
ternal capsule, and have found wide- 
spread depressions of metabolism or 
blood flow in the ipsilateral cortex." 

Less marked effects were also ob- 
served in the contralateral hemi- 
sphere. Regional differences of cortical 
depression, depending on the site of 
the thalamic lesion, were reported,” 
but, in contrast to animal experiments, 
where isolated lesions of the ventro- 
medial thalamic nuclei caused marked 
decreases in metabolism of the respec- 
tive cortical projection areas,” signif- 
icant correlations could not be estab- 
lished in small patient series." In all 
these previous studies, however, no 





clear distinction was made between 
discrete thalamic infarcts and those 
involving other subcortical structures, 
eg, the internal capsule, and therefore 
remote effects caused by thalamic nu- 
clear destruction were not distin- 
guished from those caused by inter- 
ruption of fiber systems. It was the aim 
of this study to investigate the effect of 
chronic infarcts strictly confined to the 
thalamus on brain glucose metabolism 
in relation to thalamocortical projec- 
tions. 


SUBJECTS, MATERIALS, AND METHODS 


Eleven patients, six females, five males, 
aged 39 to 67 years (mean age, 53.8 years), 
with unilateral or bilateral thalamic in- 
farction, were studied. The diagnosis of is- 
chemic stroke, which had occurred 7 
months to 9 years before the PET study, 
was based on a typical history confirmed by 
a complete neurologie workup, including a 
computed tomographic (CT) scan obtained 
1 to 5 days prior to PET. Magnetic reso- 
nance imaging scans that were available 
only in some cases were not consulted, in 
order to avoid undue chronological sample 
bias. Rather the CT (Somatom DR, 
Siemens) was used to localize the infarct 
and to rule out cases with involvement of 
structures other than the thalamus. Five in- 
farcts were located in the left thalamus, one 
in the right thalamus, and five patients had 
bilateral thalamic infarction. Three in- 
farcts involved mainly the anterior, four 
mainly the medial, and four the (ventrolat- 
eral) posterior thalamic regions. Three of 
the medial and one each of the posterior and 
anterior infarcts were bilateral. Clinical 
assessment of these patients with chronic 
thalamic infarction (Table 1) revealed de- 
mentia with prominent amnesia in seven 
cases; three patients presented with apha- 
sic syndromes, with anomia in two and ar- 
ticulatory initiation problems in one case. 
Three patients suffered from (incomplete) 
Déjerine-Roussy syndrome with thalamic 
pain. In none of our cases, loss of motor or 
sensory function indicated a lesion of in- 
ternal capsule or midbrain structures, thus 
providing further evidence to the fact that 
only patients with infarcts restricted to the 
thalamus were studied. 

After written informed consent had been 
obtained from the patient whenever possi- 
ble, and/or from his next of kin, brain glu- 
cose metabolism (CMRGlu) was studied 


with 2('"F)-fluoro-2-deoxy-D-glucose (FDG) © 


and PET,” using a four-ring positron cam- 
era (Scanditronix PC-384) simultaneously 
scanning seven slices (11 mm in thickness) 


Thalamic Infarction—Szelies et al 





at.an in-slice spatial resolution of 7.8 mm 
full width at half maximum height 
(FWHM).” After patient positioning by 
means of laser beams and skin marks, 185 
MBq (5 mCi) FDG synthesized according to 
the. method of Ehrenkaufer et al? was 
injected intravenously, with the patient 
resting in a darkened room with low ambi- 
ent noise, eyes closed, and ears unoccluded. 
The first set of seven tomograms was re- 
corded from 30 to 40 minutes after injec- 
tion, the patients were then axially shifted 
by 7 mm to permit the scanning of an addi- 
tional set of seven intercalated slices. In- 
vestigative and scanning procedures, as 
well as image processing, were performed 
as described in detail elsewhere.” The 
CMRGlu in the 14 parallel slices scanned 
4 between 30 and 50 minutes after FDG 
- v injection was calculated using a lumped 
constant of 0.42 and rate constants adjusted 
‘for the measured tissue activities according 
to a K,-k, optimization procedure” requir- 
ing less stringent assumptions about the 
tracer behavior in abnormal tissue. Stan- 
dardized regional quantitation was 
achieved by means of an interactive map- 
ping program“ and a categorical region- 
matching and block-shifting procedure% 
providing optimal comparability among 
subjects. The effect of anterior, medial, or 
posterior thalamic infarction on CMRGlu 
was studied in 14 cluster brain regions usu- 
ally comprising several slices: brain stem, 
serebellum, white matter, unaffected thal- 
‘mus, caudate and lentiform nucleus, and 
frontal, lateral temporal, mesiotemporal, 
insular, parietal, sensorimotor, visual, and 
cingulate cortex. These data were compared 
with the results obtained in 11 healthy sub- 
jects matched for age and sex. No attempt 
was made to establish a control group with 
mild systemic or cardiovascular health 
problems, because such risk factors appar- 
ently have no significant effect on brain 
metabolism,” while patients with extrath- 
alamic stroke do not lend themselves for 
comparison, considering their prominent 
deactivation pattern.‘ 

Hemispheric CMRGlu was calculated as 
the average of all regional CMRGlu values 
weighted by region size. In normal subjects 

“and patients with bilateral infarcts, aver- 

. ages of both hemispheres and of corre- 
sponding regions within both hemispheres 
were calculated and used for further anal- 
ysis, whereas in patients with unilateral 
infarcts ipsilateral and contralateral hemi- 
spheres were treated separately. Data were 
analyzed by analysis of variance (ANOVA), 
with the regions representing the levels of 
a within-subject factor, using the Huynh 
and Feldt” correction of degrees of free- 
dom. Values are given as means + SDs. 


RESULTS 
Effects of Thalamic Intarction on 
Hemispheric Metabolic Rate 


The mean (ipsilateral) hemispheric 
and regional CMRGlu of the 11 pa- 
tients with thalamic infarction, and of 
the volunteer subjects, are summa- 

< rized in Table 2. In a comparison of 
-= control subjects vs patients (hemi- 

Spheres ipsilateral to infarct only), 
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Table 1.—Clinical Data of Patients With Pure Thalamic Infarct 


Patient No./ 
Sex/Age, y 


No. of 
Years After 
infarction 


Thalamic Lesion 


Clinical Syndrome 





MH/F/43 


0.6 


anterior left, right 


Amnesia, aphasia (anomia) 





AU/F/57 


25 


anterior left 


Amnesia 





FZ/F/45 


2.8 


anterior left 


Dementia with prominent amnesia 





ME/F/39 


0.9 


medial right, left 


Dementia with prominent amnesia, 
aphasia (anomia), dysarthria 





LE/M/67 


1.4 


medial left, right 


Dementia with prominent amnesia 





HO/M/46 


5.0 


medial right, left 


Amnesia 





5.0 


medial left 


Aphasia {articulatory initiation 


MD/F/62 


deficit and anomia) 





ML/F/61 


posterior right 


incomplete Déjerine-Roussy 
syndrome, dementia 





KG/M/54 


posterior left 


Déjerine-Roussy syndrome, 
dementia 





WJ/M/64 


posterior left 


Déjerine-Roussy syndrome, 
dementia 





MF /M/54 








posterior right, left 


Table 2.—Regional Cerebral Metabolic Rate of Glucose in Affected Hemisphere * 


Dementia, prominent amnesia 









































































































































Anterior Medial Posterior 
Control All infarcts infarcts infarcts infarcts 
Region (n = 11) (n = 11) (n = 3) {n = 4) (n = 4) 
Hemispheric average 35.2 + 3.49 31.2 + 297 34.1 + 3.66 29.3 + 195 30.9 + 1.89 
Frontal cortex 40.5 t 4.25 35.2 +3.80 38.6 + 4.82 32.0 + 2.22 35.8 + 1.57 
Lateral temporal cortex 35.7 + 3.30 33.2 + 3.06 35.9 + 3.45 31.2 +2.16 33.0 + 2.44 
Insular cortex 39.6 + 4.81 33.8 + 4.31 38.0 t+ 5.49 31.8 32.7 + 2.94 
Sensorimotor cortex 39.9 + 435 35.3 + 3.49 3894421 33.3 + 2.36 34.5 + 2.13 
Parietal cortex 37.6 + 3.98 34.1 + 3.65 37.3 + 4.06 33.0 + 2.41 
Occipital convex cortex 37.9 + 3.48 35.3 +350 390+ 34.8 + 2.71 
Primary visual cortex 39.8 + 7.82 35.2 + 3.52 37.6 + 3.42 5 32.7 + 3.71 
Mesial temporal cortex 29.6 + 3.37 27.6 + 2.67 28.8 + 1.86 285+ 
Cingulate cortex 43.6 + 4.61 38.1 + 467 43.14 433 352+ 
Caudate nucleus 42.0 + 5.70 36924413 40.7 + 4.93 35.6 + -35.4 + 1.42 
Lentiform nucleus 43.1+6.76 364+ 5.73 43.4 + 8.09 345+ 3.68 38.6 + 2.62 
Thalamust 39.9 + 7.28 29.34 2.89 312+ 2.14 289+ 3.39 28.3 + 2.84 
Cerebellum : 
(contralateral) 32.7 + 3.53 29.7 + 3.10 3124 2.17 3094204 276+ 3.74 






* Values for regional cerebral metabolic rate of glucose are given in micromoles per 100'g per minute. Values 


are means + SDs. 
tNoninfarcted tissue only. 


hemispheric CMRGlu was signifi- 
cantly lower in patients (P = .009). 
Comparing patients with bilateral in- 
farcts vs ipsilateral and contralateral 
hemispheres of patients with unilat- 
eral infarcts and normal subjects, 
hemispheric CMRGlu was most se- 
verely depressed in patients with bi- 
lateral thalamic lesions (29.9 + 2.74 
umol/100 g per minute, P=.05 in 
Tukey’s multiple-range test), while 
unilateral infarcts decreased CMRGlu 
in the ipsilateral hemisphere only to 
32.2 + 2.97 umol/100 g per minute and 
had little effect on CMRGlu of the con- 
tralateral hemisphere (84.1 + 3.85 
umol/100 g per minute) (Fig 1). 


Effects on Regional Metabolic Rates 


The dependence on infarct location 
of the ipsilateral pattern of metabolic 
depression was analyzed by ANOVA of 


regional differences from hemispheric 
mean values. There was a significant 
interaction between infarct location 
and regional metabolism (P = .035). 
Post hoc contrasts of individual re- 
gions demonstrated that the effect was 
most pronounced in frontal and oceip- 
ital areas (P = .007 and P = .054, re- 
spectively), where medial! thalamic in- 
farcts caused the largest metabolic 
depression. 

For detailed analysis, the profile de- 


viation from normal control subjects 


of regional cortical values was plotted 
(Fig 2). The profile of anterior infarcts 
was close to normal (Fig 3). Frontal 
hypometabolism was most pronounced 
in medial infarcts (Fig 4), whereas 
CMRGlu in visual and mesiotemporal 
cortex was most severely affected in 
posterior thalamic infarcts (Fig 5). 
In a separate analysis of subcortical 
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Relation to Infarct 


normal volunteers (n = 11, mean of both hemi- 
spheres), in hemispheres contralateral and ip- 
silateral to unilateral thalamic infarcts (n = 6), 
and in hemispheres of patients with bilateral 
thalamic infarcts (n = 5, mean of both hemi- 
spheres). Error bars indicate SEM. 


Fig 3.-—-Computed tomographic and (‘°F)-2- 
fluoro-2-deoxy-p-glucose-positron emission 
tomographic images at three levels (centered 
around middie part. of thalamus) in patient 1 
with unilateral infarct in left anterior thalamus. 
<: Thalamic lesion has low glucose metabolism, 
but also noninfarcted thalamus is metabolically 
depressed. Other regional cerebral metabolic 
rates.of glucose values are in normal range. 
Gray scale indicates cerebral metabolic rates 
of glucose values in micromoles per 100 g per 
minute. 
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structures, noninfarcted homolateral 
thalamic tissue was found severely de- 
activated (P = .001), but CMRGlu in 
contralateral thalamus was not signif- 
icantly affected. Especially in patients 


Fig 1.~-Mean regional cerebral metabolic 
rates of glucose (CMRGlu) in hemispheres of 














with larger thalamic lesions, while 
these values may suffer from partial 
volume effects not permitting a clear 
separation of infarcted and nonin- 
farcted tissue, a marked decrease of 
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thalamic CMRGlu. was also observed 
in patients with small lesions (eg, 
small anterior infaret, as shown in Fig 
3), which did not cause a striking effect 
on most cortical areas. t 
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Fig 2.—-Difference from normal control subjects of regionai cortical cerebral metabolic rates of 
glucose (CMRGlu) in affected hemispheres of patients with thalamic infarcts grouped according 
to location of lesion. Anterior (ANT) thalamic infarcts induced little deviation from normal CMRGlu 
pattern; with medial (MED) infarcts, metabolic decreases were most pronounced in frontal cortex: 
posterior (POST) lesions had largest effect on visual cortex and hippocampal structures. FRO in- 
dicates frontal cortex; TEM, lateral temporal cortex; INS, insular cortex; SM sensorimotor cortex; m 
PAR, parietal cortex; OCC, occipital convexity cortex; VIS, primary visual cortex; HIP, mesial tem- | 


poral cortex; and CNG, cingulate cortex. 


Fig 4.—Computed tomographic and (‘F)-2- 
fluoro-2-deoxy-D-glucose-positron emission 
tomographic images at three levels (centered 
around middle part of thalamus) in patient 5 
with bilateral infarcts in medial thalamus. Glu- 
cose metabolism is diffusely decreased with 
most pronounced effects on frontal cortex. 
Gray scale indicates cerebral metabolic rates 
of glucose in micromoles per 100 g per minute. 





Fig 5.—Computed tomographic and ('8F)-2- 


fluoro-2-deoxy-p-glucose-positron emission 
tomographic images at three levels (centered 
around middle part of thalamus) in patient 8 
with unilateral infarct in right posterior thala- 
mus (posterolateral ventral nucleus). Regional 
depression of cerebral metabolic rate of glu- 
cose in occipital cortex. Gray scale indicates 
cerebral metabolic rates of glucose in micro- 
moles per 100 g per minute. 
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Regional CMRGlu of the basal gan- 
glia was mainly affected by lesions in 
the medial thalamus, while the values 
measured in the anterior and posterior 
y group were only slightly below those 
found in the control subjects. Meta- 
bolic rates of glucose in the cerebellum 
were within the normal range in all but 
one case with a bilateral posterior in- 
farct. Group differences were not sig- 
nificant. 


COMMENT 


The thalamus, being the most im- 
portant subcortical relay center for 
exteroceptive and proprioceptive stim- 
uli, plays a fundamental role in the in- 
tegration and coordination of informa- 
tion going to the cortex, but it is also an 
essential part of the ascending reticu- 
lar and limbic systems, and it has im- 
portant connections with the basal 
ganglia and receives input from the 
cerebellum.” The main efferent path- 
ways can be grouped into the following 
four categories”: (1) fibers to circum- 
scribed and well-defined areas of the 
neocortex from specific relay nuclei 
with strict somatotropic projections; 
(2) fibers to the limbic system and the 
basal ganglia; (8) fibers projecting dif- 
fusely into most cortical areas; and (4) 
intrathalamic connecting fibers not 
leaving the thalamus. 

Based on the concept of functional 
deactivation or activation as a meta- 
bolic indicator of impaired input to 
identifiable brain structures, PET can 
be used to follow projection systems 
when the nuclei where efferent fibers 
originate are selectively destroyed or 
stimulated. 

This concept was successfully ap- 
plied to the study of metabolic activa- 
tion during simple or complex physio- 
logic stimulation and during the per- 
formance of various tasks, thereby 
opening a new venue for functional 
neuroanatomy in the intact indi- 
vidual. This approach can also be 
used to demonstrate the metabolic de- 
pression in areas connected to lesioned 
brain structures. Therefore, it may 
help—like degeneration studies in 
classical neuroanatomy—in the iden- 
tification of the target region of pro- 
jection systems and in the interpreta- 
tion of complex clinical syndromes 
caused by focal tissue damage. Consid- 
ering the limited spatial resolution of 
PET, effects on small structures, eg, 
the individual thalamic nuclei, where 
intrathalamic fibers project to can 
„hardly be visualized, thus limiting the 
‘application of this method to large 
thalamic projection fields outside the 
thalamus. Despite these limitations, 
“our study indicated that noninfarcted 
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thalamic structures have decreased 
metabolism consequent to the lack of 
intrathalamic input. 

Most studies so far have shown glo- 
bal reductions of metabolism and 
blood flow as a result of thalamic 
infarction,?"'*"* while regional effects 
did not reach statistical significance. 
This conclusion, which can also be de- 
rived from a first look at our data (Ta- 
ble 2), emphasizes effects mediated by 
the diffuse projection cf various tha- 
lamic nuclei—mainly the centrome- 
dian and intralaminar nuclei—to 
widespread cortical and subcortical 
areas. Therefore, the global metabolic 
depression was most marked in the 
group with medial thalamic infarc- 
tions that always involved major in- 
tralaminar nuclei. However, more de- 
tailed statistical analysis of our data 
suggests another interpretation that 
also fits to the accepted function of 
thalamic relay nuclei: the metabolic 
rate of various brain regions obviously 
is selectively affected by thalamic in- 
farctions, and this selectivity depends 
on the location of the infarction within 
the thalamus. The sum of these re- 
gional effects, together with a global 
depression, would then cause meta- 
bolic decreases observed in the whole 
hemisphere. The areas of significant 
metabolic depression in the three in- 
farct location groups corresponded 
with the main anatomical projections: 
The marked metabolic deactivation 
(20% decrease of rCMRGlu, compared 
with control subjects) in the frontal 
lobe of patients with medial thalamic 
infarction corresponds with the large 
projections of the medial thalamic nu- 
cleus to this region, while the wide- 
spread additional cortical effects are 
probably due to the diffuse projections 
originating in centromedian and other 
intralaminar nuclei involved in infarc- 
tions in the medial portion of the thal- 
amus. In contrast, regional effects of 
posterior infarcts were most promi- 
nent in the visual, parietal, insular, 
and sensorimotor areas. These effects 
may be ascribed to the specific projec- 
tions from lateral, posterior, and ven- 
troposterior nuclei. The apparent sim- 
ilarity of regional effects of medial and 
posterior infarctions may be explained 
either by some involvement of dif- 
fusely projecting nuclei, or by the un- 
precise separation of infarct locations 
on CT. In contrast, anterior thalamic 
infarctions caused no significant re- 
gional metabolic depression despite 
large projections from the anterior 
nucleus to the cingulate gyrus. While 
such an effect might have escaped de- 
tection in this small group due to the 
limited spatial resolution, a decrease 


of CMRGlu in nonaffected thalamic 
nuclei was obvious and may have pro- 
duced the clinical symptoms, eg, the 
memory and cognitive disturbances 
prominent in these cases. 

Our results are also in good agree- 
ment with the hypothesis of some ma- 
jor involvement of efferent thalamic 
fibers projecting to subcortical and 
limbic structures: medial infarctions 
depress metabolism in the lentiform 
and caudate nuclei, since a main tract 
leads from the centromedian nucleus 
to the putamen, while more ventrome- 
dial intralaminar nuclei affect the 
metabolic rate in the caudate nu- 
cleus.* From various parts of the thal- 
amus sizable projections lead to limbic 
structures (anterior nucleus-cingulate 
gyrus, medial nucleus-amygdaloid 
body, dorsolateral nucleus-hippocam- 
pus and cingulate gyrus). However, the 
metabolic effects on limbic structures 
observed in our small groups (more 
marked effect on cingulate gyrus with 
medial, and on mesial temporal and 
cingulate structures with posterior le- 
sions) did not fully correspond with 
these connections. Obviously, the in- 
volvement of the limbic system and the 
deactivation of reticular nuclei addi- 
tionally influences global brain metab- 
olism by indirect mechanisms. 

In two cases studied with PET dur- 
ing stimulation by electrodes im- 
planted into the ventral posterior nu- 
cleus for pain treatment, global me- 
tabolism was decreased by 20% in both 
hemispheres, while the pattern of spe- 
cific metabolic regional effects was 
similar to the unstimulated state.” 
This finding, which contrasts with the 
enhancement during stimulation ob- 
served by Katayama et al,” may be in- 
terpreted as corresponding with de- 
creased anxiety due to pain relief. 
However, fibers diffusely projecting 
from thalamic nuclei to the cortex and 
synapsing in layer four on inhibitory 
Golgi II cells (stellate cells) were 
described,” which may mediate a 
widespread deactivation. 

In previous investigations, some of 
the significant regional effects estab- 
lished in our group of selected patients 
with isolated thalamic infarctions 
were reported in an anecdotal way: two 
of the patients described by Baron et 
al had infarcts restricted to anterior 
and medial nuclei, and distinct func- 
tional depression was found in frontal 
parietal cortex; two with posterior le- 
sions showed temporo-occipital hy- 
pometaholism. In five of the 10 cases 
presented by Baron et al, the infarc- 
tion widely exceeded the thalamus, 
and this was also the ease in most 
patients included in the other 
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studies.’'*!8 These mixed cohorts of 
patients, who, in contrast with the 
cases selected for this study, also pre- 
sented motor or sensory deficits clearly 
not due to thalamic lesions, hampered 
the interpretation of results and weak- 
ened their statistical analysis. The 
finding of occasional contralateral 
cerebellar deactivation’! may be sta- 
tistically significant only in samples of 
larger size, or it may be related to a le- 
sion of the internal capsule, since the 
thalamus has afferent but no direct ef- 
ferent connections with the cerebel- 
lum. The 11 patients in our study were 
carefully selected to have infarctions 
restricted to the thalamus on CT. 
These patients suffered from symp- 
toms caused exclusively by thalamic 
lesions, ie, dementia with prominent 
amnestic syndromes, Déjerine-Roussy 
syndrome, and language problems. In 
none of the patients were symptoms 
related to lesions in other locations 
present, which were reported to be 
part of the clinical syndrome in the 
other studies." 

Our study has various limitations as 
to the functional assessment of tha- 
lamic projections. The number of cases 
was small, preventing further sub- 
grouping. The identification of individ- 
ual nuclei involved in the infarct could 
not be achieved by CT, and magnetic 
resonance imaging scans were not con- 
sistently available. Therefore, only 
three categories—anterior, medial, 
and posterior infarcts—were used 
with some overlap in the involvement 
of ventral and lateral nuclei. The lim- 
ited spatial resolution of PET did not 
permit the quantification of metabolic 
rates in very small brain structures 
and, together with the poor identifica- 
tion of affected nuclei on CT, prevented 
a clear somatotropic (point-to-point) 
correspondence between thalamic le- 
sion and metabolically inactivated 
structures. Nevertheless, this study 
emphasizes the potential of PET for 
analyzing the effect of small lesions in 
the thalamus on the function of remote 
brain regions: For all four categories 
of thalamic projections,” typical de- 
pression of glucose metabolism due to 
specific thalamic lesions was evident. 
Therefore, our results encourage fur- 
ther investigations, with improved 
technology on larger groups of pa- 
tients, to shed more light on the intri- 
cate functional anatomy of the thala- 
mus. Especially in cases with thalamic 
infarction, where the extent of the le- 
sion is not restricted to individual nu- 
clei or groups of nuclei but is due to the 
complex and variable supply from the 
internal carotid, posterior communi- 
cating, and posterior cerebral arte- 
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ries,© PET studies of the pattern of 
metabolic deactivation can afford 
more insight into the primarily af- 
fected structures and thereby improve 
diagnostic classification. 
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In the largest study to date, NIMOTOP demonstrated a significant 
reduction in incidence of cerebral infarction’ 


W Twenty-two percent (61/278) of NIMOTOP-treated patients experienced cerebral infarction vs. 
33% (92/276) of controls 


@ NIMOTOP reduced the incidence of cerebral infarction by 34% 
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-NIMOTOP modulates calcium influx to promote cerebral perfusion, 
and may directly protect neurons?’ 


“(In animals] The beneficial cytoprotective effect of nimodipine, probably related to normalization 
of calcium homeostasis and blood-brain barrier permeability after ischemia, may reflect both 
vascular and cellular sites of action. ”® 

Lazarewicz JW, et al. Stroke 1989. 


“In humans] The data thus suggest that nimodipine neither prevents nor reverses cerebral 
vasospasm. Calcium channel blockers such as nimodipine may have an effect on cerebral arterioles 
that are below the limits of resolution of angiography. ...”” 

Pickard JD, et al. Br Med J 1989. 
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BRIEF SUMMARY 
NIMOTOP® (nimodipine/Miles) CAPSULES 
For Oral Use 


oc INDICATIONS AND USAGE 
1: Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients 
who are in good neurological condition post-ictus (e.g. Hunt and Hess Grades 1-H}. Oral 
eer therapy should begin within 96 hours of the subarachnoid hemorrhage and continue 
for lays. 


CONTRAINDICATIONS 


None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
rhage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and abour 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and pake rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

Laboratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
` not observed in North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
rates were well within historical control range for these turnors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 9l-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and 

le Wistar rats following oral doses of up to 30 fake when administered daily for more 

than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg 

tient. 
ee Premac: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were renee at oral (by 
gavage) doses of | and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an increased incidence 
of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryo- 
toxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
30 mg/kg/day nimodipine administered by gavage from day 16 of gestation and continued until 
sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses. 
Nimodipine should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 
Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
. af concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given nimodipine. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 
are displayed below by dose. 



































DOSE q4h 
Number of Patients (%) 


Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 
Sign/Symptom (n=82) (n=71) (n= 494) (n=172) (n= 4) (n= 479) 
“Decreased 
` Blood Pressure 1(1.2) 0 19 (3.8) 14 (8.1) 2(50.0} 6(1.2) 
© Abnormal Liver 
Function Test 1 (1.2) 0 2 (0.4) 1(0.6) 0 701.5) 
Edema 0 0 2 (0.4) 2(12) 0 3 {0.6} 
Diarrhea o 3{4.2) fe] 3a 0 3 (0.6) 
Rash 2 (2.4) o 3 (0.6) 2(12) 0 3 (0.6) 
Headache a 1(14) 6{1.2) 0 0 1 (0.2) 
Gastrointestinal 
Symptoms 2(2.4) 0 0 2(1.2) 0 G 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo | 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 
Sign/Symptom {n=82) (m=71) (n= 494) (m= 172) (n=4) (n= 479) 
Nausea 1(1.2) 1(14) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 
EKG 
Abnormalities 0 1 (14) Q 1(0.6) 0 0 
Tachycardia 0 1(14) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 {1.4} 0 0 0 Q 
Depression 0 1 (1.4) 0 0 0 O 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
ath, 30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 
60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity;. lighthea- 
dedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.19%) and fluid retention (0.3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 
reported rarely. 

OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symp- 
toms of overdosay would be expected to be related to cardiovascular ts such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop? overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not Tikely to be of benefit. 

DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or ifthe patient is unconscious, 
ahole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the cube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 
Corey Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
and heart rate. 
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Spectral Analysis of Heart Rate in 
Diabetic Autonomic Neuropathy 


A Comparison With Standard Tests of Autonomic Function 


oe Roy Freeman, MD; J. Philip Saul, MD; Mark S. Roberts, MD, MPP; Ronald D. Berger, MD, PhD; 
Christopher Broadbridge; Richard J. Cohen, MD, PhD 


@ Power spectral analysis of the heart 
rate was compared with standard tests of 
autonomic function performed on 15 insu- 
lin-dependent diabetic patients with symp- 
toms of autonomic dysfunction. The high- 
_ frequency power, low-frequency power, 

and total power of the heart rate power 

‘spectrum measured in the supine posi- 
. tion—possible measures of parasympa- 
“thetic nervous system function — were sig- 
“nificant predictors of the expiratory-in- 
'gpiratory ratio, the beat-to-beat heart rate 
‘difference on deep respiration, the stan- 
dard deviation of the resting heart rate, the 
30:15 ratio, and the Valsaiva ratio. The 
change in low-frequency power on moving 
from the supine to upright position, a pos- 
sible measure of sympathetic nervous sys- 
tem function, was a modest predictor of 
the systolic and diastolic blood pressure 
fall in response to postural change, but a 
poor predictor of the blood pressure re- 
sponse to isometric exercise and a cold 
stimulus. This study supports the role of 
heart rate power spectral analysis as a 
clinical test of autonomic function in pa- 





oi <- Uents with known or suspected autonomic 
> failure. 


(Arch Neurol. 1991;48: 185-190) 
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Autonomie neuropathy is a frequent 

complication of diabetes and has a 
wide range of clinical presentations.’ 
Although there is no gold-standard 
measure of autonomic dysfunction, 
over the past 15 years, several tests 
assessing cardiovascular autonomic 
function have been described. These 
include measures of heart rate varia- 
tion, baroreceptor function, and car- 
diovascular responsivity to postural 
change, cold pressor, and exercise.? 
These tests have been criticized as be- 
ing insensitive to early changes in au- 
tonomic function, particularly sympa- 
thetic nervous system dysfunction. 
They also require active patient par- 
ticipation, which is difficult to stan- 
dardize. Power spectral analysis of the 
resting heart rate has recently been 
introduced as a test of autonomic func- 
tion. This technique may answer these 
criticisms and may provide an accu- 
rate, sensitive, and specific single test 
of autonomic function, measuring both 
parasympathetic and sympathetic di- 
visions of the autonomic nervous sys- 
tem and requiring minimal patient co- 
operation. Prior to the widespread in- 
troduction of power spectral analysis 
as a measure of autonomic function, it 
is important to compare this technique 
with the standard tests of autonomic 
function. 

Spectral analysis reduces a signal to 
the sum of its component sine waves of 
different amplitudes and frequencies. 
The power spectrum displays the 
squared amplitude of these sine waves 
as a function of frequency, thus ex- 
pressing the variance as a function of 
frequency. Heart rate fluctuations, 
which reflect modulation of sinus node 
activity by autonomic and other ho- 
meostatic mechanisms, can be quanti- 
fied and displayed using this tech- 


nique. Power spectral analysis may 
thus provide a useful noninvasive tech- 
nique for analyzing the autonomic 
mechanisms that control heart rate.’ 

Spectral analysis of the resting 
heart rate commonly produces several 
prominent peaks (Fig 1). The peak 
found at the highest frequency (great- 
er than 0.15 Hz) reflects oscillations of 
heart rate that occur with respira- 
tion—the respiratory sinus arrhyth- 
mia.* Quantification of these oscilla- 
tions provides a measure of the re- 
sponse of the sinus node to 
fluctuations in vagal nerve activity at 
the respiratory frequency and is re- 
duced by parasympathetic pharmaco- 
logical blockade.’ Oscillations in heart 
rate at frequencies less than 0.15 Hz 
are mediated by both the vagus and the 
cardiac sympathetic nerves. Spectral 
power within the 0.05- to 0.15-Hz fre- 
quency band most likely. represents 
baroreceptor feedback activity, while 
the spectral power at less than 0.05 Hz 
may reflect both cardiac autonomic in- 
put as well as the influence of circulat- 
ing catecholamines.“ In normal sub- 
jects, the move from the supine to up- 
right position produces a shift in the 
power spectrum from high to low fre- 
quencies (Fig 1). This shift in spectral 
power, induced by a postural change, 
is reduced by 8-adrenergic receptor 
blockade and may provide an index of 
sympathetic activity. 

In this study, we performed spectral 
analysis of the heart rate and standard 
tests of autonomic function on 15 in- 
sulin-dependent diabetic patients with 
symptoms of autonomic dysfunction, 
in order to compare indexes derived 
from the heart rate-power spectrum 
with the range of values occurring 
with standard tests performed on pa- 
tients with suspected autonomic dys- 
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: function. To our knowledge, no study to 





date has compared spectral analysis 
with individual tests of autonomic 
funetion. 


PATIENTS AND METHODS 


Fifteen insulin-dependent diabetic pa- 
tients with symptoms of autonomic dys- 
function had standard tests of autonomic 
function and spectral analysis of the heart 
rate performed. The mean age was 41.1 + 
20.0 years, with a mean duration of diabe- 
tes of 10.9 + 8.7 years. All testing was car- 
ried out in the Autonomic Evaluation Unit 
of the New England Deaconess Hospital, 
Boston, Mass. Blood pressure was measured 
with a noninvasive vital sign monitor (Cri- 
tikon Dinamap 1846SX/P, Tampa, Fla) con- 
nected to an IBM personal computer AT via 
an RS232 serial interface board. Heart rate 
for standard tests of autonomic function 
was measured by an electrocardiographic 
monitor (Hewlett-Packard, model 78203A, 
Waltham, Mass), connected to the micro- 
computer via a data acquisition board 
(MetraByte Dash-8). The time interval be- 
» tween two successive R waves detected by 
the electrocardiographic monitor was 
translated to heart rate and recorded by the 
microcomputer in real time. 

Patients were given sufficient time to at- 
tain baseline autonomic function. Basal 
state measurements (systolic blood pres- 
sure, diastolic blood pressure, mean arte- 
rial blood pressure, and heart rate) were 
obtained in the supine position. 


Standard Autonomic Test Methods 


Heart Rate Variation at Rest.—The SD of 
150 consecutive R-R intervals, recorded 
while the subject lay quietly breathing, was 
caleulated.** 

Heart Rate Variation With Respiration. — 
Patients were trained to breathe at the rate 
of six breaths per minute in the sitting po- 
sition. The ratio of the six longest to the six 
shortest R-R intervals was determined (ex- 
piratory-inspiratory [E-I] ratio).° The 
difference between the maximum and 
minimum heart rates (Max — Min) was 
calculated." 

The Valsalva Maneuver.—The seated pa- 
tient was asked to expire for 15 to 20 
seconds against a resistance of 40 mm Hg in 
an open loop system. The Valsalva ratio, the 
ratio of the maximum heart rate during the 
expiratory phase to the minimum heart 
rate during the relaxation phase, was 
caleulated.”? 

The Cold Pressor Test.—The increase in 
systolic blood pressure after the patient 
placed his/her hand in cold water (4°C) for 
60 seconds was determined.” 

: < Isometric Exercise.—The patient was in- 
structed to squeeze a handgrip dynamome- 
ter at 30% of his maximal effort for 4 min- 
utes. Careful attention was paid to ensure 
adequate effort by all patients. The increase 
in diastolic blood pressure was deter- 
"mined." 

The Hemodynamic Response to Tilt Table 
Testing.—The blood pressure and heart rate 
were measured over 5 minutes following 
passive tilting to 60°. The change in heart 
rate, systolic blood pressure, diastolic blood 
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Fig 1.—The power spectrum of the normal resting heart rate. bpm indicates beats per minute. 
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Table 1.— Summary of Standard Autonomic Test and Spectral Analysis Results * 





Standard deviation 


2.16 + 1.4 


Control Mean 
0.6-4.9 





E-I ratio 


1.15 + 0.16 


1.02-1.56 1.4 + 0.19 





Max — min heart rate 


14.1 + 8.5 


27.9 + 9.96 





30:15 ratio 

Valsalva ratio 

Cold pressor 

isometric exercise 

Systolic blood pressure change 
Supine tow-frequency power 
Supine high-frequency power 





1.05 + 0.11 
1.27 + 0.29 
19.29 + 9.13 
9.6 + 9.9 
—26.8 + 25.8 
4.35 + 7.4 
2.32 + 4.18 


1.19 + 0.18 
1.64 + 0.33 
22.8 + 20.16 
14.2 + 11.4 
1.6 + 10.3 
9.05 + 8.58 
3.75 + 2.90 


§.0-35.0 


~87.0-10.0 
0.07-26.6 
0.05- 15,04 





Supine total power 


8.16 + 13.38 


0.21-46.48 16,38 + 14.05 





Tilt low-frequency power 





7.35 + 13.5 


0.03-49.55 18,39 +.8.3 


” Results are expressed as mean + SD. Laboratory contro! values are included for comparison purposes. 


E-I indicates expiratory-inspiratory. 


pressure, and mean arterial pressure, was 
recorded." 

The Hemodynamic Response to Standing.— 
Blood pressure change and heart rate were 
measured for 5 minutes after active stand- 
ing. The change in heart rate, systolic blood 
pressure, diastolic blood pressure, and 
mean arterial pressure was recorded. The 
ratio of the longest R-R interval at around 
the 30th beat to the shortest R-R interval 
around the 15th beat after active standing 
was calculated (30:15 ratio).'* 

Specially designed and validated soft- 
ware computed the measurements and ra- 
tios deseribed above, and stored all data. 


Spectral Analysis Methods 


A surface lead of the electrocardiogram 
was recorded on magnetic tape during spon- 
taneous respiration in the supine and up- 
right positions following passive tilting to 
60° on an electrically driven tilt table. Af- 
ter anti-alias filtering, the electrocardio- 
gram was sampled off line at 360 Hz. R- 


waves were detected, and a smoothed in- L 
stantaneous heart rate time series was t” 
formed at 3 Hz, as previously described.” 
One 3-minute (171 seconds = 512 points) 
segment of data from each position was 
chosen for power spectral analysis, which 
was performed using the Blackman-Tukey 
method."* 

The power spectra were quantified by the 
area (power) in two frequency bands: low- 
frequency power from 0.02 to 0,15-Hz, and 
high-frequency power from 0.15 to 1.0. Hz. 
The fractional power in each band was also 
computed as a percentage of the total 
power. Traditional tests predominantly 
measuring parasympathetic nervous sys- 
tem function were compared with supine, 
total power, supine high-frequency power, 
and supine low-frequency power. Tradi- 
tional tests, predominantly measuring 
sympathetic nervous system function, were | 
compared with the change in low-frequency 
power on moving from a supine to an 
upright position. 
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Statistical Methods 


Multiple linear regression was used to 
predict standard autonomic test results as 


--a function of age, duration of diabetes, and 
-spectral analysis index chosen as de- 
scribed above. Independent variables were 
<<< considered significant if P < .05. The fol- Supine 
<: lowing regression equation was used: Au- 
“©. tonomie Test Result=Constant+, Spectral vg A gray 
-“Index+f, Patient Age+@, Duration of Dia- a f 


betes, where 8, represents the respective 1 2 3 0.1 02 03 04 05 
coefficients estimated by linear regression. 
Calculations were made using the SYSTAT 
Statistical Package (Systat Inc, Evanston 
I) 


Heart Rate Spectra 












RESULTS 
Autonomic Tests and Spectral Analysis Upright 
* ~The mean, SDs, and range of values 
< obtained-on the individual autonomic 0 
- tests-and spectral analysis are dis- o 1 0.1 0.2 03 0.4 0.5 
i played ‘in Table 1. For comparison Time, min Frequency, Hz 


“purposes, we have included in this ta- 
ble healthy control subject values for 
the standard autonomic tests (age and Fig 2.—The power spectrum of the resting heart rate of a diabetic patient with moderate autonomic 
sex matched) and spectral indexes (age dysfunction. bpm indicates beats per minute. 

range, 28 to 79 years; median age, 54 
years). 





Power Spectra Heart Rate Spectra 


A normal power spectrum is dis- 
played in Fig 1, and examples from our 
"ease material are displayed in Figs 2 
o ‘and 3. In Fig 2, showing the power Supine 
- spectrum of a diabetic patient with 
: _ moderate neuropathy, the decrease in 


power in both the high and low fre- 
‘quencies is seen in the supine position. Bee: Bee a 
The loss of power in all frequencies is 
noted in Fig 3 showing the power spec- 
trum of the diabetic patient with se- 
vere autonomic neuropathy. 
Upright 
Tests of Parasympathetic Function 


Supine high-frequency power, su- 
pine low-frequency power, and supine 0.1 02 03 04 05 
total power were significant predictors 
“ of the E-I ratio, the Max — Min, the 
= SD, the 30:15 ratio, and the Valsalva 
ratio. When used in a regression equa- 
tion in conjunction with the patient’s 
age and duration of diabetes, these 
spectral indexes predicted a large per- 
centage of the variation in test results 

(RF? values between 0.64 and 0.92) 
(Tables 2 through 4). Patient age was 


Frequency, Hz 








Fig 3.—The power spectrum of the resting heart rate of a diabetic patient with severe autonomic 
dysfunction. bpm indicates beats per minute. Note the lower y-axis scale of the power spectrum. 


Table 2.—Linear Regression Analysis Predicting Autonomic Test Results as a Function 
of Age, Duration of Diabetes Mellitus, and Supine High-Frequency Power * 














only a significant predictor of the Max — Min Valsalva 

Max — Min and the 30:15 ratio. E-I Ratio Heart Rate 30:15 Ratio Ratio SD 
This is graphically displayed in Fig Constant 1.074} 18.2424 0.948+ 1.221t 1.7514 

4, where the observed autonomic test Age -0.001 —0.192ł 0.0014 —0.001 —0.007 

result is plotted against the autonomic Duration of diabetes 

test result predicted by the regression molitus 0:009 0:005 29.093 20:0089. -0.007 


equation. In this figure, a test with Supine ees ee seoti dossi aasi dsni 
perfect prediction would result in all s powst - - - : : 

; 5 R? 0.92 0.73 0.90 0.85 0.64 
‘points lying along a 45° line. Con- 

versely, a test with no predictive value 








*E-| indicates expiratory-inspiratory. 







ould always yield the mean of the ire a 
bserved sample. foe oa: 
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Tests of Sympathetic Function 


The change in low-frequency power 
on moving from a supine to an upright 
position, when used in the above re- 





gression equation, was a modest pre- 
dictor of the systolic and diastolic 
blood pressure fall in response to a 
postural change. It was a poor predic- 
tor of the blood pressure response to 


Table 3.—Linear Regression Analysis Predicting Autonomic Test Results as a Function 


of Age, Duration of Diabetes Mellitus, 


Max ~ Min 
Heart Rate 


E-i Ratio 


and Supine Low-Frequency Power‘ 


30:15 
Ratio 


Valsalva 
Ratio 





Constant 1.149¢ 


20.619t 


0.964t 1.297¢ 





Age —0.002 


—0.227ł 


0.001 —0.002 





Duration of diabetes mellitus —0.001 


—0.033 


—0.003 —0.009¢ 





Supine low-frequency power 0.882+ 


0.019t 


0.05 1+ 0.199¢ 





R? 
"E-I indicates expiratory-inspiratory. 
tP < 005. 
4P < .05. 


0.65 








0.68 


0.82 0.86 


Table 4.—Linear Regression Analysis Predicting Autonomic Test Results as a Function 
of Age, Duration of Diabetes Mellitus, and Supine Total Power * 


Max — Min 
Heart Rate 


E-i Ratio 


30:15 
Ratio 


Valsalva 
Ratio 





Constant 1.135¢ 


20.0404 


0.958% 1.270$ 





Age ~0.001 


—0.220t 


0.001 ~0.002 





Duration of diabetes 


mellitus ~0,001 —0.015 


—0.003 ~0.008§ 





Supine total power 0.0094 


0.475t 


0.010} 0.027 ł 





Re 0.68 
*E-I indicates expiratory-inspiratory. 
tP < 05. 
+P < .005. 

§P <01. 


0.69 





0.81 0.87 








isometric exercise and a cold stimulus. 
Patient age was only a significant pre- 
dictor of the blood pressure response to 
isometric exercise (Table 5). The 
graphic display of the observed auto- 
nomic test result plotted against the 
autonomic test result predicted by the 
regression equation is shown in Fig 4. 


COMMENT 


Autonomie dysfunction is a well- 
documented complication of diabetes 
presenting with symptoms such as or- 
thostatic hypotension, gastroparesis, 
impotence, and bowel and bladder 
dysfunction.'! The significant associ- 
ated mortality and morbidity due to 
silent myocardial ischemia,” sudden 
cardiac death,” renal disease,” and 
anesthetic complications” emphasize 
the need for accurate, sensitive, and 
specific tests of autonomic function. 

The standard tests described above 
provide an indirect measure of auto- 
nomic function. Although the physiol- 
ogy of these tests is complex and in- 
volves considerable interplay between 
efferent and afferent divisions of the 
parasympathetic and sympathetic 
nervous system, many of these tests 
are thought to reflect the afferent re- 
sponse to one specific division of the 
autonomic nervous system. For exam- 
ple, tests of heart rate variation (SD, 
E-I ratio, and Max — Min), the 30:15 


Fig 4.—-Comparison of the observed autonomic test result with the test result predicted by linear regression analysis as a 
function of age, duration, and specific spectral index. Top row, Results predicted by supine high-frequency power (all four 
graphs). Bottom row, Results predicted by change in low-frequency power (the first three graphs) and by supine high-frequency 
power and change in low-frequency power (the fourth graph). See Table 1 footnote for explanation of symbols. 
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1.4 
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17 
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4 8 12 16 20 2428 32 36 


E-i Ratio 


Predicted 


~ 
~~ 


30:15 Ratio 





Vaisaiva Ratio 


Predicted 





0.9 Va 0.8 Pd 
4.1 1.2 13 1.4 0.9 10 11 12 13 1.4 0.8 140 1.2 1.41.6 1.8 20 
Actual Actual Actual 
Standing Systolic : 
Coid Pressor anging Sys Valsalva Ratio 


Predicted 


Actual Actual 


Blood Pressure Change 





30k ; = 
-90 —70 ~50 —30 — 10 


Predicted 


10 0.8: 1.0 1.2 1.4 16 1.8 2.0 


Actual 
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Table 5.—Linear Regression Predicting Autonomic Test Results as a Function of Age, 
Duration of Diabetes Mellitus, and Change in Low-Frequency Power on Moving From 
the Supine to Upright Position 


Standing Blood Pressure 
P ooumeaneannemmemenatinemmememmmenenenan 
Diastolic 


Systolic 


Cold 
Pressor 


30:15 
Ratio* 


Vatsaiva 
Ratio 


isometric 
Exercise 





Constant -25.746 


~14.315 


—9.294 24.387t 1.462¢ 1.0734 





Age 0.129 


0.067 


0.413} -0.058* -0.004 —0.000 





Duration of diabetes 


_ mellitus =1.4206* 


~—0.210 


0.151 ~0.166 —0.012 —0.005 





Change in low- 
frequency power —86.496* 


—53.140ł 


—6.162 11.320 0.772 —0. 103 





R? 0.47 0.37 


"P<. 
tP < 05. 
P< 005. 


`= ratio, and the Valsalva ratio are re- 
_© garded predominantly as measures of 
-` the parasympathetic nervous system, 
while the blood pressure response to 
postural change, exercise, and cold are 
believed to predominantly reflect ac- 
tivity of the sympathetic nervous 
system.? Recent publications have 
drawn attention to the insensitivity of 
these tests to early alterations in sym- 
pathetic function.’ Furthermore, the 
need for active patient participation, 
that is often unstandardized, de- 
~“ creases the reproducibility of these 
tests. 

This study on a group of diabetic 
subjects with symptoms of autonomic 
dysfunction supports the use of spec- 
tral analysis of heart rate as a measure 
of autonomic function across the range 
of values associated with autonomic 
failure. Earlier reports have charac- 
terized the power spectrum of heart 
rate variation in animals,’ normal hu- 
man subjects,‘ and patients with con- 
gestive heart failure,” near-miss sud- 
den infant death syndrome,” sudden 
cardiac death,” cardiac transplants,” 
gy and acute myocardial infarction.” Ina 


t> group of diabetic subjects, Lishner et 


al?’ demonstrated a decline in power in 
all frequency ranges in comparison 
with those of control subjects. Pagani 
`- etal” demonstrated reduced R-R vari- 
ance at rest and a significant differ- 
ence between the increase in low-fre- 
quency power and decrease in high- 
frequency power in response to tilt in 
a group of diabetic patients compared 
with control subjects. These studies 
included only small numbers of pa- 
tients with signs or symptoms of auto- 
nomic dysfunction and did not com- 
pare spectral analysis with individual 
tests of autonomic function. 
Prior works*’ have demonstrated 
* that vagus nerve activity mediates 


:::: low-frequency power, high-frequency 


power, and total power, particularly in 
-the supine position. We, therefore, re- 
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0.64 0.04 0.49 0.20 


garded those supine spectral indexes 
as measures of parasympathetic func- 
tion and compared them with tradi- 
tional tests of the parasympathetic 
nervous system. In this study, those 
spectral indexes were significant pre- 
dictors of the tests of heart rate vari- 
ation measuring parasympathetic car- 
diac function. These tests included the 
standard deviation of heart rate—a 
measure of the spread around the 
mean heart rate, and the Max — Min 
and E-I ratio—measures of the ampli- 
tude of the heart rate variation during 
controlled respiration. Our results are 
consistent with prior works*’ delineat- 
ing the role of the vagus nerve as a 
mediator of oscillations in heart rate 
in both high- and low-frequency bands 
and support the use of spectral analy- 
sis as a test of parasympathetic ner- 
vous system function in this popula- 
tion group. 

Power in the low-frequency band 
forms the dominant component of the 
heart rate power spectrum in standing 
subjects, following acute hemor- 
rhage,” in patients with congestive 
heart failure,” and in patients after 
recent myocardial infarction.” These 
are all states associated with an in- 
crease in sympathetic outflow to the 
sinus node. Furthermore, the move 
from the supine to the upright posi- 
tion, which is associated with in- 
creased sympathetic nervous system 
outflow,” produces a shift in spectral 
power from high- to low-frequency 
bands. This shift in spectral power is 
reduced by {-adrenergic receptor 
blockade. We, therefore, used the 
change in low-frequency spectral 
power occurring after tilting as an in- 
dex of sympathetic nervous system ac- 
tivity. The change in low-frequency 
power on moving from supine to up- 
right position was a modest predictor 
of the blood pressure fall in response to 
postural change. The change in low- 
frequency power was not a significant 


predictor of the blood pressure re- 
sponse to isometric exercise or toa cold 
stimulus. This, however, may be a re- 
flection of the insensitivity or inaccu- 
racy of the traditional tests them- 
selves. It is of interest in this regard. 
that patient age was a significant pre- 
dictor of the isometric exercise test re- 
sult (Table 5). 

The cardiovascular physiology 
brought into play in response to a Val- 
salva maneuver or an active postural 
change involves a complex interplay 
between muscular activity, low- and 
high-pressure baroreceptors, the sym-_ 
pathetic nervous system efferents to 
the peripheral vascular tree, and the 
parasympathetic cardiac efferents*! 
Nevertheless, the Valsalva ratio and 
the 30:15 ratio (a measure of the heart 
rate response to postural change) are 
regarded primarily as indexes of para- 
sympathetic cardiac function. These 
ratios are a measure of the sequential 
heart rate response to specific physio- 
logical perturbations, although they 
do not measure beat-to-beat heart rate 
variation. In our study, those ratios 
correlated strongly with spectral in- 
dexes measuring parasympathetic 
function and those indexes were able 
to accurately predict the Valsalva ra- 
tio and 30:15 ratio test results. The: 
change in low-frequency power, a pro- 
posed measure of sympathetic nervous 
system function, was not a significant’ 
predictor of the Valsalva ratio and 
30:15 ratio in this diseased population, 
Regressions using multiple spectral 
measures were attempted in order to 
incorporate the potential influence of 
both the sympathetic and parasympa- 
thetic nervous system on these test re- 
sults (Fig 4). None of these regression 
equations were significantly superior 
predictors of autonomic test results to: 
the regression equations containing a 
single spectral measure. 

There is no single accepted gold- 
standard measure of autonomic dys- 
function, although in recent years a 
battery of tests has gained widespread 
acceptance in assessing the autonomic 
nervous system. Without such a stan- 
dard, the direct comparison between 
two different tests is of limited value 
since there is no reliable way of as- 
sessing which result is correct when 
the tests disagree. Discordance in test 
results may reflect lack of accuracy in 
either test. However, assuming that 
the standard test result correlates 
with the underlying disease process 
being measured, then, as a minimal 
criterion of value, the new test should 
correlate with the standard test. This 
study, comparing power spectral anal- 
ysis with standard tests of autonomic 
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function, provides support for the use 


of heart rate spectral analysis as a 
clinical test of autonomic function in 
patients with known or suspected au- 
tonomic dysfunction. Spectral indexes 
correlated strongly with, and were sig- 
nificant predictors of, several tradi- 
tional tests of autonomic nervous sys- 
tem function. The minimal patient co- 
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CT DID NOT SHOW IT CLEARLY ciate 


Figure 4. Contrast CT scan shows 
a circumscribed lesion in left 
parasagittal region (arrow), consistent 
with either metastasis or meningioma. 


Figure 2. Contrast CT scan through 
posterior fossa suggests punctate 
area of contrast uptake in the vermis 
(arrow). 


Figure 3. T2-weighted (TR 2000/TE 80) 
image shows area of high signal 
intensity in right frontoparietal 
region {arrow}. Differential 
considerations include metastasis, 
small infarct, and demyelination. 
The lesion in left parasagittal region, 
seen in Figure 4, is not visualized 


Figure 4, T2-weighted (TR 2000/TE 80) 
image through posterior fossa shows 
no abnormalities. 
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Figure 5. T1-weighted (TR OOO/TE 3 30) 
image after MAGNEVIST? inje jon 
shows an enhancing lesion in “left 
parasagna region (arrow), as 

in Figure 4. The high-signal intensity 
lesion seen in Figure 3 does not 
enhance. This finding is co onsistent 
with chronic small-vessel ischemic 
disease, not with metastatic disease. 








Figure 6. Tt-weighted (TR GO0/TE 30} 
enhanced image taken through 
posterior fossa shows weil-celineated 
lesion in the inferior aspect of ne 
vermis (arrow). Lesion was not clearly 
appreciated on unenhanced MR! 

or contrast CT studies 
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rise in serum iron; hypotension and anaphylactoid reactions have occurred in less than 1% of the patients. 
The safety of MAGNEVIST injection in patients with hemolytic disorders has not been studied. 


REFERENCES: 1. Hinshaw DB Jr, Hasso AN. Gd-DTPA enhances MRI of central nervous system. Dia 
in: Runge VM, ed. Enhanced Magnetic Resonance Imaging. St. Louis: CV Mosby Company: 1989-1 
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BRIEF SUMMARY 

INDICATIONS AND USAGE 

MAGNEVIST® injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 

MAGNEVIST® injection is aiso indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine ond associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 
The accepted safety considerations and procedures that are required tor magnetic 
resonance imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to o magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by gadopentotate dimeglu- 
mine moy possibly potentiate sickle erythrocyte alignment, MAGNEVIST® injection in 
patients with sickle cell anemia ond other hemogiobinopathies has not been studied. 
Patients with other ee anemias have not been adequately evoluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection, In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 26 to 85 minutes ofter injection except for the vasovagal 
reaction which wos described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
oxporionpog syncope ofter arising froma siting position two hours 
after administration of the drug. Although the relationship of 
godopentetate dimeglumine to these events is uncertain, patients 
Should be observed for several hours after drug administration 


PRECAUTIONS ~ General 

Diagnostic procedures that invoive the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and o thorough knowledge of the 
procedure to be performed 

in o patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure, 

Since gadopentetate raphe dla ìs cleared from the body b glomerular filtration, caution 
shouid be exercised in patients with severely impaired renal function. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cor- 
diovascular reactions or other idiosyncratic reactions should awas be considered (see 
ADVERSE REACTIONS) especially in those patients with a known clinical hypersensitivity, 
Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
morpnology, resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the ponents experienced an asymptomatic transient rise in serum iron 
Serum bilirubin levels were slightly elevated in approximotely 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimegiumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not know: 
and caution is therefore advised. 

When MAGNEVIST® injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 

If nondisposable equipment is used, scrupulous core should be taken to prevent residual 
contamination with traces of cleansing agents. 

Repeat Procedures: if in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® injection should be instructed to: 

1. Inform your physician if you are pregnant or breast feeding. 

2.inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General) 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animai studies have been performed fo evoluate the carcinogenic potential of 
gadopentetate dimegiumine. 

Gadopentetate dimegiumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H 1071/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 g/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant tethol assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmoi/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimegiumine when 
administered in daily doses of 0.-2.5 mmol/kg, did not cause a significant change in the 
pregnancy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption ond a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the O.} mmol/kg dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 

in a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimegiumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 
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nostic imaging. 1989;1:90-99. 2. Price AC, Runge VM, Nelson KL. CNS—neopiastic disease. 
9-177. 3. Healy ME, Hesselink JR, Press GA, Middieton MS. Increased detection of intracranial 
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PREGNANCY CATEGORY C. 

Gadopentetate dimegiumine has been shown to retard development Slightly in rats when 
gien in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 
There are no adequote and well-controlled studies in pregnant women. MAGNEVIST® 
Injection should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 

C* labelled gadopentetate dimeglumine was administered intravenously to lactating rats 
at a dose of 0.5-mmoil/kg. Less than 0.2% of the total dase was transterred to the neonate 
via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother ond 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 


Safety and efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate sevenn, in 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausec occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less thon 2% of the patients, 

The following additional adverse events occur in fess than 1% 
of the patients: 

Body as a Whole: Injection site symptoms, namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis, onaphylactoid reactions 
(characterized by cardiovascular, respiratory and cutaneous 
symptoms). 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis, 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased sativation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 

Respitoy System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cou 


Skin: Rash, sweating, pruritus, urticaria (hivas). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation. 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope, death related to myocardial 
infarction or other undetermined causes. 

Digestive: Constipation, diarrhea 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopio, stupor. 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain, 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 

The LDso of intravenously administered gadopentetate dimegiumine injection in mice ts 
512.5 mmol/kg ond in rats it is 10-15 mmol ti The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 

Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 


The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
fates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 

















DOSAGE CHART 
Body Weight Dose in prox Duration of 
(kg) mt injection in Seconds 
2.0 26 = 

40 30 

6.0 40 

8.0 50 

10.0 60 

12.0 70 

14.0 80 

16.0 96 

18.0 no 

20.0 20 














To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal soline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® injection. 
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Parenteral products should be inspected visually for particulate mater ond discoloration yf” 


prior to administration, whenever solution and container permit, 
For full prescribing information, see package insert. 
Caution: Federal Law Prohibits Dispensing Without Prescription. 
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è Three hundred twelve patients were 
entered into along-term study of effects of 
“hyperbaric oxygen on multiple sclerosis. 
The protocol called for an initial 20 treat- 
ments in either the monopilace or multi- 
place chamber on a daily basis followed by 
monthly booster treatments for 2 years. 
One hundred seventy neurologists and 22 
institutions provided data for this study. 
There was no control group, but the study 
was based on Schumacher’s postulation 
that a scientifically valid study to test the 
fficacy of a new therapy was possible by 
choosing patients who were definitively 
diagnosed with multiple sclerosis and fol- 
lowing them up for 2 years after the im- 
posed treatment. If the overwhelming ma- 
jority of the subjects failed to get worse 
over the 2-year observation period, the ef- 
ficacy of the treatment would be manifest. 
The expanded Kurtzke Disability Status 
Scale (EDSS) was used to assess the 
severity of the disease state. The dropout 
rate was high with only 76% (237 of 312 
patients) finishing the initial 20 treat- 
ments. Twenty-two percent (69 of 312) 
finished 1 year of booster therapy, and 9% 
(28 of 312) completed 2 years of monthly 
boosters. The mean deterioration on the 
Kurtzke EDSS score was 0.93 or aimost a 

full step from the beginning of treatment 


EaR, Qrarting in 1978, anecdotal reports 
that multiple sclerosis benefited 
from treatment with hyperbaric oxy- 
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Results of a National Registry 
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until the last evaluation. There was no dif- 
ference in outcome between those who 
had the shortest and longest periods of 
time between onset of symptoms and hy- 
perbaric oxygen treatment. Treatment 
pressure made no difference in outcome. 
Changes in the Kurtzke EDSS score bore 
no relationship to the use of booster treat- 
ment. Patients who were reasonably well 
off at the onset of treatment with initial 
Kurtzke EDSS scores of 1 or 2 (n = 21) 
deteriorated by an average of 1.7 Kurtzke 
points. Those patients whose initial 
Kurtzke EDSS scores were greater than 2 
(n = 164) deteriorated on an average of 
0.82 points. Of interest was that 19.5% (39 
of 200) of the patients reported a tempo- 
rary improvement in bladder function, but 
improvement was maintained in only 11 
patients (5.5%) at 2-year foliow-up. Fif- 
teen patients (7.5%) indicated long-term 
worsening. There was no significant 
change in the working status of the pa- 
tients following hyperbaric oxygen treat- 
ment. Although this study treated the pa- 
tients in accordance with protocols re- 
ported to produce a benefit in multiple 
sclerosis, we were unable to substantiate 
any useful long-term effect of hyperbaric 
oxygen therapy. 
{Arch Neurol. 1991;48:195-199) 


gen (HBO) heightened interest in this 
form of treatment among patients and 
neurologists alike. Treated cases were 
reported from the United States, Italy, 
Czechoslovakia, the United Kingdom, 
Sweden, and Brazil. 

Although the mechanism for im- 
provement with HBO treatment was 
not known, HBO has been shown by 
Prokop and Grasso‘ to ameliorate ex- 
perimental allergic encephalomyelitis 
in guinea pigs. Both survival and delay 
in time of onset was increased in the 
treated animals. Warren et alt inde- 
pendently confirmed that development 
of encephalomyelitis in guinea pigs 
and rats was delayed by up to 34 days 





Treatment of Multiple Sclerosis With Hyperbaric Oxygen 


after injection of antigen when ani- 
mals immediately began treatment 
with HBO at 2 atmospheres absolute 
(ATA). 

In 1983, the New England Journal oj 
Medicine published the study by Fis- 
cher et al,’ in which 40 patients with 
advanced chronic multiple sclerosis 
were randomly divided into an HBO 
treatment group and a group that re- 
ceived a 10% oxygen mixture. Both 
groups were treated at a pressure of 2 
ATA for 90 minutes once daily for a 
total of 20 exposures. “Objective 
improvement” (defined as change in 
the Kurtzke Disability Status Seale, a 
functional-system scale, and a fatiga- 
bility scale) occurred in 12 of 17 pa- 
tients treated with HBO and in only 
one of 20 patients treated under nor- 
moxie conditions (P <.0001). Even 
though improvement was short-lived 
in seven of the treated patients, it was 
long lasting in five. At the 1-year 
follow-up, deterioration was noticed in 
two patients in the HBO group and in 
11 of the patients in the normoxic 
group (P < .0008). 

Because patients began to flock tc 
HBO centers for treatment after the 
appearance of the article by Fischer et 
al, it was imperative that a study be 
devised to gather meaningful data 
from the treatment results of these 
patients. Schumacher? postulated that 
a scientifically adequate pilot study 
was possible without the use of a con- 
trol group by choosing patients who 
were pursuing a downhill course, or 
those who had experienced serious ex- 
acerbations, with following up the pa- 
tients for 2 years after the imposed 
treatment. If 90% to 100% of such pa- 
tients failed to get worse, the efficacy 
of the treatment would be manifest. It 
was clear that data obtained from a 
long-term uncontrolled study would be 
erude compared with those derived 
from strictly controlled double-blind 
studies. Therefore, a more rigorous 


Hyperbaric Oxygen—Kindwall.et al 195 

















definition of benefit had to be applied to 
achieve some validity. In order to meet 
Schumacher’s criteria for evidence of 
therapeutic benefit, favorable results 
would rest on prevention of exacerba- 
tion or of further progression of the 
disease in an overwhelming majority 
of subjects over a 2-year period of ob- 
servation. Using a format based on 
Schumacher’s criteria, we created a 
registry of HBO-treated patients and 
embarked on a 3-year prospective 
study of the effects of HBO in the 
treatment of multiple sclerosis. The 
study commenced in February 1983 
and ended in January 1987. A total of 
22 institutions with hyperbaric treat- 
ment facilities contributed the data on 
which this study is based. 


PATIENTS AND METHODS 
Registry Membership 


Participation in this study was restricted 
to only those centers that could meet all of 
the registry protocol eligibility criteria as 
outlined below. The Registry protocol re- 
quired that: 

1. Only those institutions having an In- 
stitutional Review Board designed and 
functioning under the National Institutes 
of Health, Bethesda, Md, guidelines could 
participate in the Registry. 

2. The protocol be approved by each par- 
ticipating hospital’s Institutional Review 
board. 

3. No professional charges were to be 
made to the patient. Hyperbaric chamber 
charges could be charged to the patient but 
were to be out-of-pocket costs only, presum- 
ing it was possible to break this figure out 
of total operational costs. Provisionally, 
some insurance companies paid for treat- 
ment out of enlightened self-interest. 

A. Each patient had to agree to remain in 
the Registry at least 2 years barring un- 
foreseen circumstances. 

5. Patients could only enter the protocol 
through referral by their neurologists. All 
neurologic evaluations had to be carried out 
by Board eligible or Board certified neurol- 
ogists. All patients with multiple sclerosis 
treated with HBO at a participating insti- 
tution had to be entered into the Registry. 
All patients had to sign an informed con- 
sent before entering the Registry. 

The Registry data were maintained by 
the Biostatistical Department at the Med- 
ical College of Wisconsin in Milwaukee. 


Patient Selection 


Only those patients with clinically defi- 
nite multiple sclerosis and with no con- 
traindications to HBO therapy were al- 
lowed to participate in the study. There 
were no age limitations. 


HBO Treatment Protocols 


The protocol called for 20 initial treat- 
ments on a once-daily basis at least 5 days 
each week, followed by monthly booster 
treatments for 2 years. Other than to set 
limits for reasons of oxygen toxicity, the 
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Table 1.—Kurtzke Expanded Disability Status Scale Scores 


Score 


Description 





Normal! 





No disability, minima! signs, eg, vibratory decrease, Babinski's sign \ A 








Minimal disability, eg, slight gait, sensory, visuomotor disturbances 





Moderate disability, although fully ambulatory, eg, monoparesis, moderate 
ataxia, or combination of lesser dysfunction 





Relatively severe disability, although fully ambulatory and able to be self-suffi- 
cient and up and about for some 12 h a day 
Abie to walk without aid or rest about 500 m (5 blocks) 








Able to walk without aid or rest about 300 m (3 blocks) 





Disability severe enough to preclude ability to work a full day without special 
provisions 
Able to walk without aid or rest about 200 m 








Able to walk without aid or rest about 100 m 








Constant assistance (unilateral, cane, crutch, brace) is required to walk about 
20 m without resting de, 





Constant assistance (bilateral, walker, canes, crutches) is required to walk 
about 20 m without resting 





Unabie to walk beyond 5 m (even with aid); essentially restricted to wheelchair 
(some 12 h a day); wheels self; transfers alone 





Unable to take a few steps; restricted to wheelchair; needs help in transfer; 
can operate motorized wheelchair only 





Essentially restricted to bed, but may be out of bed itself much of the day; re- 
tains many self-care functions; effective use of arms 





Restricted to bed much of the day; some effective use of arms; retains some 


self-care functions 





Helpless bed patient; can communicate and eat 





Totally helpless; unable to communicate effectively 





Death due to multiple sclerosis 


protocol did not stipulate the HBO treat- 
ment pressures rigidly. This was by intent 
as there had been no study published that 
had conclusively established an optimal 
protocol. No facility was permitted to ad- 
minister oxygen at a pressure greater than 
3 ATA and at that pressure for no longer 
than 90 minutes. In the available literature, 
treatment pressure has ranged between 1.5 
and 3 ATA and treatment has been carried 
out in both multiplace and monoplace 
chambers. Institutions were urged to use 
one of the protocols that had already ap- 
peared in the literature as reporting to 
produce “benefit” as it was felt that only in 
this way could it be determined which 
method could prove or disprove the long- 
term usefulness of existing protocols. 


Clinical Evaluation 


The severity of the patient’s disability 
was graded using the expanded Kurtzke 
Disability Status Seale (EDSS) as shown in 
Table 1. All patients were examined at en- 
try, after 20 HBO treatments, and at 6, 12, 
18, and 24 months while they received 
monthly booster HBO. Standardized evalu- 
ation and eligibility forms were sent to all 
participating institutions. 


Chamber Equipment 


Patients in this study were treated in ei- 
ther multiplace or monoplace chambers. In 
the multiplace chambers, masks were gen- 
erally of the tight-fitting double-seal oro- 
nasal aviator type or the patient used a 
tightly sealed Duke head tent with ade- 
quate oxygen flow. At 2 ATA with a perfect 
mask fit, a Pao, should approach 1200 mm 
Hg. In a monoplace chamber, this is not a 





problem as the patient’s Flo, is guaranteed 
to be 100% as the chamber is pressurized 
with pure oxygen. 


Concomitant Management of Patients 


Patients were continued on whatever 
therapeutic regimen they had been receiv- 
ing prior to entry into the study, including 
physical therapy. Because of a tendency for 
corticotropin or corticosteroids to aggra- 
vate oxygen toxicity, it was urged that such 
medications be tapered and stopped prior to 
beginning HBO treatment. The same ap- 
plied to baclofen, which is an analogue of 
y-aminobutyric acid. The HBO is known to 
disrupt y-aminobutyrie acid metabolism. 
Prednisone had been used by 196 (51.2%) of 
patients at some time; 103 (26.9%) had 
taken corticotropin. Only three (0.8%) of 
the patients continued to take steroids dur- 
ing the study. One patient continued with 
unspecified immunotherapy during HBO 
treatment. 


Complications 


No seizures were reported. Thirty-nine 
patients (10.2%) mentioned “compli- 
cations” after the first 20 treatments; over 
90% of these involved simple ear or sinus 
discomfort. Occasional nausea was re- 
corded. No cases of blindness were reported. 


Statistical Analysis 


Standard statistical methods were used 
for analysis. The independence of frequency 


distributions was tested with the x’ statis- »” 


tic. Mean values were compared between 
groups using the two-sample ¢ test and an 
analysis of variance. Associations between 
two continuous variables were assessed by 
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the Pearson correlation coefficient. Analy- 
ses were carried out using the Statistical 
Program for Social Science software, re- 
lease 3.0 for the Micro VAX H Computer 


-» (Digital Equipment Co, Maynard, Mass).’ 


RESULTS 


Three hundred eighty-three pa- 
tients were logged into the study; ini- 
tial complete data were received on 317 
patients, of whom 312 (81.4% ) actually 
received the treatment. All the pa- 
tients included in the study had 
enough criteria to confer a definite di- 
agnosis of multiple sclerosis. Thirty- 
five percent of the patients were male 
and 65% were female. The mean age at 


“entrance to the study was 43.7 years 


(range, 18 to 70 years). The mean age at 
diagnosis was 35 years (range, 12 to 59 
years); mean age at onset of symptoms 
was 32 years (range, 10 to 59 years); 
and median age at onset of symptoms 
was 31 years, while the median age for 
diagnosis was 34 years. 

Each patient was referred by a neu- 
rologist with the evaluation form be- 
ing completed by the same physician. 
There were a total of 170 neurologists 
who referred patients to the study and 
who performed evaluations. As with 
any large study that involved multiple 
physicians over a period of years, com- 
plete information was not received on 
all patients as the neurologists some- 
times left portions of the question- 
naire uncompleted or, in some in- 
stances, information was not avail- 
able. For this reason, the number of 
patients will be found to vary in the 
analyses. For those 239 patients on 
whom pressure data for the initial se- 
ries of treatments were available, 
13.6% were treated exclusively at 1.5 
ATA, 19.6% were treated at pressures 
varying between 1.5 and 2 ATA, 58% 


“J were treated at 2 ATA, and 7.7% were 


treated at 2.4 ATA. One hundred nine- 
ty-seven patients (51.3% ) were treated 
in multiplace chambers and 139 
(44.5% ) in monoplace units. For 13 pa- 
tients (4.2% ), this information was not 
provided. Of the 312 patients who be- 
gan HBO therapy, 209 (67% ) were di- 
agnosed as chronic progressive, 39 pa- 
tients (12.5% ) were chronic stable and 
64 patients (20.5%) carried relapsing 
remitting diagnosis. Two hundred 
eighty-three patients (90.7%) under- 
went at least one of the initial 20 HBO 
treatments; 120 patients (38.5%) fin- 
ished 6 months of booster treatments; 
69 patients (22.1% ) finished 12 months, 


cand 37 patients (11.9%) finished 18 


months of booster treatments. The 
number of patients who completed a 
full 2 years of monthly booster treat- 
ments was 28 (9% ). Because of a large 
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Table 2.—Clinical Outcome Following Hyperbaric Oxygen Treatment 


Mean Kurtzke EDSS Score (SD)* 


trees a, 


At 


Entry 


After 20 2-y 
HBO Treatments 


Follow-up Deterioration 





5.5 (2.0) 
(n = 312) 


All patients 


5.4 (2.1) 
(n = 239) 


6.4 (2.0) +0.93 (1.44)t 





5.5 (2.1) 
(n = 185) 


Patients with follow-up 7 





5.5 (2.1) 
(n = 146) 


6.4 (2.0) 
{n = 200) 


+0.93 (1.44)t 
(n = 185) 


*EDSS indicates expanded Disability State Scale; HBO, hyperbaric oxygen. 


tP = 01 


Table 3.—Results According to Disease Type * 


Mean Kurtzke EDSS Score (SD) 


eannan areae, 


Type of 


Multiple Sclerosis __At Entry 


After 20 HBO 2-y 


Treatments Follow-up Deterioration 





Chronic stable (n = 41) 5.4 (2.2) 


§.0 (2.4) 5.9 (2.4) +0.5 (1.2) 


(n = 38) 





Chronic progressive (n = 156) 5.9 (1.8) 


5.9 (1.9) 6.9 (1.7) +1.0 (1.4)t 


{n = 24) 





Relapsing remitting (n = 23) 3.5 (1.8) 





3.4 (2.0) 


4.7 (2.1) +1.3 (2.0) 


(n = 22) 


* EDSS indicates expanded Disability State Scale; HBO, hyperbaric oxygen. 
+P < .01; for all other differences, P is not significant. 


number of dropouts, the loss of inter- 
est on the part of both patients and 
neurologists, it was not possible to 
carry out all evaluations as scheduled. 
Therefore, at the end of the study, it 
was necessary to contact 200 of the pa- 
tients by telephone to gather data on 
final outcome. The purpose of this 
telephone survey was to fill in gaps in 
the data, and to determine the pa- 
tient’s final Kurtzke EDSS score by 
self-assessment and his/her life sta- 
tus. (The overall agreement between 
patient’s self-assessment and the neu- 
rologist’s score on the Kurtzke scale is 
0.93, according to Scheinberg et al.'°) 

Table 2 shows the mean Kurtzke 
EDSS scores at entry, after 20 HBO 
treatments, and at 2-year follow-up. In 
the 185 patients for whom both initial 
and final Kurtzke EDSS scores were 
obtained by the evaluating neurolo- 
gist, the mean deterioration in the 
Kurtzke EDSS score was 0.93 or al- 
most a full step from the beginning of 
treatment until the last evaluation, 2 
years later. Follow-up data on the rest 
of the patients was obtained by calling 
them and assigning a Kurtzke EDSS 
score based on their description of 
their condition. There was no signifi- 
cant difference in outcome between 
those who. had the shortest period of 
time between onset of symptoms and 
initiation of HBO and those who had 
the longest time between those two 
historical points (P = .9599). 

Table 3 summarizes the effect of 
HBO therapy on patients with differ- 
ent forms of multiple sclerosis. Dete- 
rioration in the mean Kurtzke EDSS 


Table 4.—The Role of Booster 
Therapy 


Mean Kurtzke EDSS Score (SD)* 
LA COC anean, 










At 2-y Deteriora- 
Patients _Entry Follow-up tion 
Receiving 5.3 (2.1) 6.1 (2.1) +0.93 (1.5)t 


boosters (n = 192) (n = 110) (n = 102) 
Not receiving 5.7 (1.9) 6.8 (1.9) +0.93 (1.4)t 
boosters (n = 170) (n = 90) (n= 83) 








* EDSS indicates expanded Disability State Scale. 
+P not significant. 


score occurred in all these groups; 
however, this was significant (P < .01) 
only in the chronic progressive group 
of patients. As shown in Table 4, it was 
of no clinical significance whether the 
patients did or did not receive booster 
treatments after the completion of 
initial HBO therapy. At 6 months, 
changes in EDSS scores were unre- 
lated to the number of boosters 
(P = .29). Of 28 patients who com- 
pleted 2 years of booster treatments, 
one had less than once-a-month treat- 
ment and three had more than 
monthly treatments (the maximum 
being 61 treatments in one patient). 
The different pressures at which treat- 
ments were rendered—either during 
the initial course (Table 5) or during 
the booster phase (Table 6)—did not 
influence the course of disease progres- 
sion. 


Visual Changes 


One hundred sixty (80% ) of the 200 
patients reported no change in vision; 
15 (7.5%) experienced temporary im- 
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. Table 5.— Significance of Treatment Pressure in the Initial Course * 


Initial 


Kurtzke EDSS Score (SD) 
menee ea ea e e ty 
Initial to Final 


Final Change in Score 





initial treatment pressure 
=1.75 ATA 5.6 (2.0) 


(n = 42) 


6.9 (2.0) 
(n = 29) 


+0.80 (1.55) 
(n = 27) 





>1.75 ATA 5.5 (2.0) 


(n = 112) 


6.6 (1.9) 
{n = 72) 


+1.24 (1.34)¢ 
(n = 64) 





* EDSS indicates expanded Disability State Scale: ATA, atmospheres absolute. 


tP = 17. 


Table 6.— Significance of Booster Treatment Pressure’ 


Kurtzke EDSS Score (SD) 


pE EEEE E, AEE N E 


Initial 


Initial to Final 
Change in 


Final Score 





Booster treatment pressure 
1.75 ATA 


5.3 (1.7) 
(n = 24) 


6.2 (1.9) 
__(n = 26) 


+0.88t (1.5) 
(n = 24) 





Mixed 4.8 (2.4) 


(n = 8) 


§.9 (2.1) 
{n = 8) 


+0.63t (1.5) 
(n = 8) 





m2 ATA 5.1 (2.2) 


(n = 68) 


6.2 (2.1) 
(n = 79) 


+1.03t (1.5) 
(n = 68) 





“EDSS indicates expanded Disability State Scale; ATA, atmospheres absolute. 


+P = ,73 (not significant). 


provement; 10 (5%) reported lasting 
‘improvement; and 15 (7.5%) experi- 
enced permanent worsening of vision, 
following HBO therapy. The HBO it- 
self can cause temporary worsening of 
myopia and temporary improvement 
in presbyopia. Usually, these changes 
spontaneously reverse themselves af- 
ter 6 weeks. Visual changes are nor- 
mally seen only after 20 or more 
closely spaced treatments, typically in 
patients older than 40 years of age. No 
cases of blindness or exacerbation of 
optic. neuritis associated with HBO 
were reported. The authors are aware 
of one case of complete and permanent 
blindness with HBO treatment of mul- 
tiple sclerosis that occurred at another 
institution prior to the beginning of 
this study. 


Bowel Function 


When queried about bowel function, 
162 (81% ) of 200 patients reported no 
change, 22 patients (11%) reported 
temporary improvement, and 5 pa- 
tients (2.5%) reported lasting im- 
provement. Eleven (5.5% ) patients re- 
ported a worsening of bowel function 
that persisted after HBO treatment 
had been completed. 


Bladder Function 


Of particular interest were the re- 
ports of change in bladder function. 
Thirty-nine (19.5% ) of 200 patients re- 
ported temporary improvement in 
bladder functions; 11 (5.5%) were im- 
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proved at 2-year follow-up; 15 (7.5%) 
experienced worsening; and 135 
(67.5%) patients reported no change. 
Changes in bladder function were in- 
dependent of the changes in Kurtzke 
EDSS scores. 


Working Status 


Working was defined as holding a 
salaried/remunerated job or carrying 
out of normal housekeeping duties if 
the patient elected to remain in the 
home. Forty-four (63.8%) of 69 men 
and 120 (92% ) of 130 women were not 
working at the start of the study. No 
significant change was noted in the 
working status of these patients fol- 
lowing HBO treatment. 


Improvement Related to Severity 


Patients who were reasonably well 
off at the onset of treatment (initial 
Kurtzke EDSS scores, 1 or 2; n = 21) 
deteriorated by an average of 1.7 
Kurtzke points, whereas patients 
whose initial Kurtzke EDSS scores 
were greater than 2 (n = 164) deterio- 
rated an average of 0.82 points 
(P = .03). Thus, the worse a patient's 
condition was at the start of HBO, the 
less the deterioration noted. 


COMMENT 


There is no benefit from HBO in 
multiple sclerosis manifest in this 
study. There is always a possibility 
that in uncontrolled short-term stud- 
ies a placebo effect may be apparent. 


This may have been true in our case as 
after the initial 20 treatments, there 
seemed to be a trend toward improve- 
ment. However, in other short-term 


double-blind controlled studies carried * 4 


out since the publication of the report 
by Fischer et al,’ no significant differ- 
ences were found between the treated 
patients and the control subjects. +" 
The placebo response is of great im- 
portance when dealing with any ther- 
apeutic trial in multiple sclerosis. 
While the most definitive answer in a 
clinically variable disorder such as 
multiple sclerosis can only be obtained 
through a double-blind controlled 


therapeutic trial of sufficient duration +. 


and with enough patients, the results 
of this study confirm the negative re- 
sults of short-term double-blind ran- 
domized control studies. 

Pallotta et al‘ reported on “good 
results” in the treatment of six pa- 
tients. Boschetty and Cernoch! re- 
ported that the use of HBO in multiple 
sclerosis led to a “remission of 
symptoms.” Formai et al? found that in 
all their cases the disease was worsen- 
ing as therapy commenced, but “the 
changes occurred almost exclusively 
toward an improvement after several 
months of observation.” They also | 
stated that “the changes associated 
with or following oxy-hyperbaric 
treatment could not be confused with 
those due to clinical fluctuations of the 
basic illness.” Neubauer’ described the 
treatment of 250 patients with multi- 
ple sclerosis reporting “dramatic” im- 
provement in 39% of the cases and 
minimal to moderate improvement in 
52%. The remainder (9%) showed no 
change. “Dramatic” improvement was 
defined as “complete or near total 
remission.” He felt that the best re- 
sults were seen in patients ill less than 
5 years. 

Neubauer’ has stated that pressures 
in excess of 2 ATA may prove too toxic 
and may produce further damage to 
the central nervous system. Yet, Pai- 
lotta et al’ had used 3 ATA and re- 
ported good results. Neubauer had ini- 
tially recommended once- or twice- 
a-day treatment at 1.5 ATA for 60 to 90 
minutes “as tolerated” for the first 
four treatments, and then 2 ATA for 16 
more treatments lasting 60 to 90 min- 
utes “as tolerated” or depending on 
“clinical response.” It was using this 
protocol that he reported his good re- 
sults in the treatment of 250 patients. 
None of the investigators in our study 
reported any change in “clinical | 
response” during the course of therapy ~ 
that they could use as an indication for 
change in treatment pressure, nor 
were any patients reported “intoler- 
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ant” to 2 ATA who had “tolerated” 1.5 
ATA. Neubauer gave no explanation 
for the rationale for starting at 1.5 
ATA and then going to 2 ATA other 


“than “clinical response.” 


<< Using his experience, Neubauer fur- 
ther stated that long-term HBO fol- 


low-up is beneficial and that one treat- 
‘ment monthly at 2 ATA was usually 


sufficient.. He also stated that when 
long-term HBO follow-up is offered, 
intervals between treatments could be 
lengthened as much as 3 months. As 
clinical experience by 1983 had indi- 
cated that benefits of HBO treatment 
might be temporary, booster treat- 


` ments were included in the protocol at 


monthly intervals. 


_ Multiple sclerosis is an extraordi- 
“narily difficult disease in which to as- 


sess the efficacy of any given therapy. 
“Some series'**° have reported the pla- 








cebo response to range from 30% to 
80%. Additionally, the disease is often 
characterized by exacerbations or re- 
missions that can extend over a period 
of years. For these reasons, control 
subjects are required in the usual 
study to document small differences 
that may be seen in patients treated 


. with any new modality. 


_. It was using the multiplace chamber 
even with the attendant problem of 
mask leaks that Fischer reported his 
good results. Fischer had the impres- 
sion that those patients whose Pao, 
was at least 1000 mm Hg during treat- 
ment did better than did those whose 
arterial Pao, did not reach that level. 
In the monoplace chamber, high arte- 
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rial levels of oxygen are guaranteed as 
the chamber atmosphere is 100% oxy- 
gen. We were unable to show differ- 
ences in outcome, however, referable 
to the partial Po,. 

There are many who still feel that 
HBO is a useful modality in the treat- 
ment of multiple sclerosis and cite 
largely uncontrolled statistics to prove 
their point. Additionally, they now 
contend that boosters should be given 
at weekly intervals instead of monthly 
if results are to be seen. This is despite 
the fact that the early highly encour- 
aging reports were based on monthly 
booster therapy, and not weekly ther- 
apy. We made a good-faith effort to 
apply HBO treatment in the clinical 
setting as advocated by its proponents, 
but it is obvious that from the high 
number of dropouts and general loss of 
interest in this modality the patients 
themselves were not able to recognize 
the benefits. 

It is possible that repeated HBO 
treatment can provide amelioration on 
a temporary basis for some symptoms 
(bladder function, for example), but 
the cumbersome and expensive nature 
of this treatment precludes frequent 
treatment in the usual case. We only 
required monthly boosters for the pur- 
pose of our study, but the majority of 
the patients could not even comply 
with that requirement. Thus, it is ap- 
parent that, as a mass treatment, HBO 
therapy has shown itself to be imprac- 
tical in the US. If we or any of the other 
centers that conducted short-term, 
carefully controlled double-blind stud- 
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Alterations in Brain Phosphate Metabolite Concentrations 


: in Patients With Human Immunodeficiency Virus Infection 


Raymond F. Deicken, MD; Bruno Hubesch, PhD; Peter C. Jensen, MD; Dominique Sappey-Marinier, PhD; Pamela Krell, PhD; 
Amy Wisniewski, PhD; Douglas Vanderburg, MD; Reginald Parks, MPH; George Fein, PhD; Michael W. Weiner, MD 


@ Human immunodeficiency virus (HIV)- 
infected individuals often demonstrate 
neuropsychiatric impairment; however, it 

is unclear how brain metabolism may be 
altered in such patients. We used in vivo 
phosphorus 31 magnetic resonance spec- 
troscopy to noninvasively assess brain 
energy and phospholipid metabolism by 
measuring brain concentrations of aden- 
osine triphosphate (ATP), phosphocrea- 
tine (PCr), and inorganic phosphate (Pi), as 
well as phospholipid compounds and in- 
tracellular pH. In study 1, 17 HIV-seropos- 
itive men with varying degrees of neu- 
ropsychiatric impairment and six control 
subjects were studied. Localized spectra 
were obtained from a heterogeneous 
5 <X 5 X 5-cm volume of interest (VOI). Pa- 
tients with HIV infection had a significantly 

lower ATP /Pi ratio and a trend for a lower 
“PCr/Pi ratio than did the control group. in 








Compelling evidence exists that di- 
rect central nervous system (CNS) 
infection by the human immunodefi- 
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addition, the ATP/Pi and PCr/Pi ratios 
were both significantiy negatively corre- 
lated with overall severity of neuropsychi- 
atric impairment. In study 2, three HIV-se- 
ropositive men with neuropsychiatric im- 
pairment were compared with 11 HIV- 
seronegative men. Localized phosphorus 
31 magnetic resonance spectra were ob- 
tained from two relatively homogeneous 
VOls: (1) a predominantly white matter 
VOI, and (2) a predominantly subcortical 
gray matter VOI. The three HIV-infected 
patients demonstrated significantly de- 
creased ATP and PCr concentrations in 
the white matter VOI. These results sug- 
gest that HIV infection of the brain may 
impair brain cellular oxidative metabolism 
and that the degree of metabolic compro- 
mise may be related to the severity of 
neuropsychiatric impairment. 
(Arch Neurol. 1991;48:203-209) 


ciency virus (HIV) occurs in a large 
proportion of HIV-infected individu- 
als and often results in a neurological 
syndrome, acquired immunodeficiency 
syndrome (AIDS) dementia complex 
(ADC). This complex is characterized 
by disordered cognition, motor func- 
tion, and behavior.“ About 75% of au- 
topsies on randomly selected patients 
with AIDS show CNS pathology,’ al- 
though only about 40% of patients are 
neurologically symptomatic.’ Neuro- 
logic complications of AIDS may re- 
sult from diffuse encephalopathy sec- 
ondary to direct HIV infection of the 
CNS or from opportunistic CNS infec- 
tions secondary to the immunosup- 
pressive effects of HIV.’ Of 30 au- 
topsied adult patients with AIDS, 
80% had neurological signs or symp- 


toms and 60% had histopathologic 
findings of subacute encephalitis; pre- 
liminary data using monoclonal anti- 


bodies against the p24 antigen in fro- =) 


zen brain tissue showed HIV in the 
CNS, especially in multinucleated 
cells. In over 90% of 70 autopsied 
patients,' abnormalities were predom- 
inantly located in the white matter 
and subcortical areas, with relative 
sparing of the cortex; progressive de- 
mentia was present in 46 patients. 
Human immunodeficiency virus has 
been detected in the white matter and 
basal ganglia of eight demented 
patients’ and in the cerebral spinal 
fluid or neural tissue of 11 of 13 pa- 
tients with AIDS, where subacute en- 
cephalopathy, including monocyte/ 
macrophage infiltration, was. found.’ 
Subacute encephalitis consistent with 
a viral infection of the CNS was histo- 
logically defined in 12 patients with 
AIDS in whom the white matter was 
more severely affected than was the 
gray matter. In most cases, the HIV 
infection was restricted to capillary 
endothelial cells, mononuclear cells, 
and giant cells.’° In the brains of two 
patients, it was possible to identify 
mononucleated and multinucleated 
macrophages that supported replica- 
tion of the AIDS retrovirus in brain 
tissue.” In children with AIDS, study 
of CSF has shown HIV antigen indi-. 
cating viral expression in the CNS, 
correlated with the occurrence of pro- 
gressive encephalopathy. On the ba- 
sis of culturing HIV from the cere- 
brospinal fluid, it was concluded that. 
HIV is neurotropic, capable of causing 
acute meningitis, and responsible for 
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AIDS-related chronic meningitis and 
dementia.” 

Results of neuroimaging studies 
have consistently indicated preferen- 
tial subcortical involvement in HIV 
infection. Subcortical structures have 
been shown to be affected to a greater 
degree than have the cortical struc- 
tures on positron emission tomo- 
graphic studies, at least in the initial 
phases of the syndrome. Magnetic 
resonance imaging (MRI) of patients 
with AIDS and patients with the 
AIDS-related complex (ARC) reveals 
multiple small and discrete lesions of 
high signal intensity in subcortical 
white matter, as well as ventricular 
and sulcal enlargement that is sugges- 
tive of brain atrophy.: 

Navia and colleagues! suggested 
that impaired memory, concentration 
difficulties, and psychomotor slowing 
represent the most common early 
manifestations of ADC. This presen- 
tation is similar to that seen in other 
diseases with primary damage to 
white matter and subcortical struc- 
tures." It is on this basis that ADC has 
been tentatively classified as a sub- 
cortical dementia. In this regard, 
Brouwers et al? recently compared the 
patterns of neuropsychological perfor- 
mance of HIV-infected patients with 
those of patients with Alzheimer’s dis- 
ease (cortical dementia) and Hunting- 
ton’s disease (subcortical dementia). 
Discriminant analysis revealed that 
most patients with HIV were either 
classified as normal or as having Hun- 
tington’s disease, while none were 
classified as having Alzheimer’s dis- 
ease. These results were not secondary 
to depression in a subset of patients 
with HIV, since the patients with HIV 
classified with the patients with Hun- 
tington’s disease did not differ on the 
Beck Depression Inventory from those 
classified as normal. These findings are 
supported by the work of Van Gorp 
and colleagues.” 

In much of the emerging literature 
on ADC, cognitive impairment is often 
used synonymously with dementia, 
with variability across studies both on 
the criteria for judgment of impair- 
ment and the number of affected cog- 
nitive domains required for the diag- 
nosis of ADC. A neurobehavioral 
operational definition of dementia usu- 
ally includes acquired persistent im- 
pairment in at least three of the fol- 
lowing spheres of mental activity: psy- 
chomotor control, attention and 
concentration, language, memory, 
visuospatial skills, emotion, personal- 
ity, and executive functions such as 
reasoning or cognitive flexibility. Most 
of the literature on ADC describes pa- 
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tients with varying degrees of impair- 
ment, including patients without a 
full-blown dementia. 

Although research has been consid- 
erable on ADC in recent years, the 
metabolic pathology associated with 
HIV-related neuropsychiatric impair- 
ment is poorly understood. Rottenberg 
and colleagues" studied regional cere- 
bral glucose metabolism with positron 
emission tomography in nine patients 
with ADC. They found relative subcor- 
tical (thalamus and basal ganglia) hy- 
permetabolism in early ADC, with dis- 
ease progression accompanied by cor- 
tical and subcortical gray matter 
hypometabolism. Single-photon emis- 
sion computed tomography of 12 
patients with ADC revealed either 
multiple or focal decreases in blood 
flow, the latter corresponding to focal 
neurological signs or symptoms in all 
but one case.” Bottomley et al?! re- 
ported in an abstract that in vivo 
phosphorus 31 magnetic resonance 
spectroscopy (MRS) reveals signifi- 
cant reductions in adenosine triphos- 
phate (ATP) and phosphocreatine 
(PCr) concentrations in eight patients 
with ADC, compared with control sub- 
jects. Finally, Arnold et al” reported 
that patients with a post-viral exhaus- 
tion/fatigue syndrome had excessive 
intracellular acidosis (measured by 
phosphorus 31 MRS) produced by vol- 
untary exercise of forearm flexor mus- 
cle, suggesting that viral infection 
directly or indirectly produces an 
impairment of muscle oxidative meta- 
bolism. These studies suggest that 
HIV-related neuropsychiatric impair- 
ment may be associated with changes 
in cerebral blood flow and energy me- 
tabolism. 

In an effort to further characterize 
the CNS metabolic alterations associ- 
ated with HIV-related neuropsychiat- 
ric impairment, we utilized in vivo 
phosphorus 31 MRS. In vivo MRS is 
used to monitor intracellular metabo- 
lites noninvasively and is thought to be 
free of biological hazard. Moreover, 
because metabolites may be lost or 
distorted when tissue is subjected to 
more traditional biochemical assays 
such as freeze clamping, MRS may 
provide a more accurate assessment of 
concentrations of metabolites free in 
solution. Phosphorus 31 MRS detects 
the high-energy phosphates ATP and 
PCr and their hydrolysis product, in- 
organic phosphate (Pi). The ratio 
ATP/Pi is often calculated to indicate 
the “energy state” of the tissue. Phos- 
phorus 31 MRS also detects signals 
from phosphodiesters (PDE) and 
phosphomonoesters (PME), which 
provide information regarding phos- 


pholipid metabolism. Technical ad- 
vances in recent years enable us to 
calculate absolute molar concentra- 
tions of metabolites from localized vol- 
umes of interest (VOIs) in the brain.” 


STUDY 1 


This initial study compared a group of 
HIV-infected men with varying degrees of 
HIV-related neuropsychiatric impairment 
with a control group studied previously as 
part of an effort to determine normal brain 
metabolite values. All participants gave in- 
formed consent after the nature of the 
study had been fully explained. 


Subjects and Methods 


Subjects.—The HIV-infected sample con- 
sisted of 17 white homosexual men, 32 to 57 
years of age, from the Veterans Affairs 
Medical Center Infectious Disease Clinic, 
San Francisco, Calif. Seven patients met 
the criteria for AIDS of the Centers for 
Disease Control, Atlanta, Ga; eight met the 
Centers for Disease Control’s criteria for 
ARC; and two patients were HIV seroposi- 
tive, but asymptomatic. Of the patients 
with AIDS, four had been diagnosed with 
Pneumocystis carinii pneumonia, two with 
lymphoma, and one with Kaposi’s sarcoma. 
Patients were excluded from the study if 
they had a history of recent head injury, 
seizure disorder, multiple sclerosis, cere- 
brovascular disease, active opportunistic 
CNS infection, another known cause for de- 
mentia, major psychiatric illness (defined 
as schizophrenia, major mood disorder, or 
anxiety disorder), or preexisting organic 
brain disorder. Two patients were being 
treated with zidovudine (azidothymidine) 
alone and 10 patients were being treated 
with zidovudine plus other antiviral agents 
such as acyclovir. 

The control group consisted of five men 
and one woman, 29 to 44 years of age, all 
without a history of recent medical illness, 
neurological disease, developmental disor- 
der, psychiatric disorder, or substance 
abuse. No members of the control group be- 
longed to any group at high risk for HIV 
infection. These subjects had been studied 6 
months previously as control subjects in a 
study of brain tumors. 

Assessment of ADC.—AIl HIV-infected 
subjects underwent neuropsychological, 
psychiatric, and neurological examina- 
tions. Neuropsychological testing included 
measurement of orientation, attention, lan- 
guage, spatial construction skills, calcula- 
tion, reasoning, and memory. Visual motor 
coordination, motor speed, and grip 
strength were assessed to appraise percep- 
tual-motor function. All measures were 
scored using standardized procedures in- 
corporating age and education corrections 
when such were available for measure. 
Psychiatric assessment consisted of a 
structured psychiatric interview, the Brief 
Psychiatric Rating Scale, Beck Depression 


Se 


Inventory, and the Symptom Checklist-90. s 


The neurological status of each patient was 
assessed utilizing the AIDS Treatment 
Evaluation Unit (ATEU) Neuro-AIDS As- 
sessment Form,” which provides a more 
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Fig .1.-~Sagittal magnetic resonance imaging 
through: the lateral ventricle illustrating the 
x 5. <:5-cm volume of interest for one of the 


‘patients in study 1 who was symptomatic for 
the human immunodeficiency virus. 
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Fig 2.—IMlustrative spectrum from the 5 X 
5 xX 5-cm volume of interest displayed in Fig 1 
for a patient who was infected with the human 
immunodeficiency virus. The letters a, 6, and y 
represent the three resonances of adenosine 
triphosphate, which are averaged to give the 
concentration of adenosine triphosphate. PME 
indicates phosphomonoester; Pi, inorganic 


“phosphate; PCr, phosphocreatine; and PDE, 


. phosphodiester. 


~ 








quantitative measure of neurological status 
than can be obtained from a standard 
descriptive neurological examination. Uti- 
lizing the information obtained from the 
neuropsychological, psychiatric, and neuro- 
logical evaluations, each subject was given 
a summary assessment score for cognitive 
impairment, behavioral disturbance, and 
neurological impairment on a four-point 
scale (0, none; 1, mild; 2, moderate; and 3, 
severe) utilizing specific parameters estab- 
lished in the ATEU Neuro-AIDS Assess- 
ment Form. An overall composite dementia 
score was then computed for each patient 


„by averaging the cognitive, behavioral, and 


neurological function summary assessment 
scores. 

-O MRi and MRS.— All studies were per- 
formed in-the San Francisco Veterans Af- 


fairs Medical Center using a Philips Gyro- 
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Fig 3.— The ratio of adenosine triphosphate (ATP) to inorganic phosphate (Pi) trom the volume of 
interest vs composite cognitive impairment score is displayed for 17 patients positive for the hu- 
man immunodeficiency virus (HIV) and six control subjects. 


scan 2.0-T S15 MRI/MRS system. A stan- 
dard imaging saddle-type proton head coil 
was used for MRI. For phosphorus 31 MRS, 
a 16-cm-diameter closely coupled head coil 
composed of two circular loops was used. 
Subjects were positioned supine in the mag- 
net with the head inside both coils; the radio- 
frequency fields of the two coils were or- 
thogonal to each other so that the coils did 
not interact. A 3-mL external reference of 
hexamethylphosphorostriamide (HMPT) 
was positioned in the center of one of the 
loops of the phosphorus 31 coil. This refer- 
ence was used (1) to confirm coil position on 
the magnetic resonance image; (2) to deter- 
mine the 90° pulse length at the reference 
position (so that the 90° pulse length at the 
center of the VOI could be set using a com- 
puter-generated B-1 field plot); and (3) asa 
reference for the relative sensitivity of the 
loaded coil for the calculation of metabolite 
concentrations. To aecurately select the 
volume for MRS, T, (TR, 600 ms; TE, 30 ms) 
and T, (TR, 2000 ms; TE, 30 and 60 ms}- 
weighted axial multiple-slice MRIs were 
obtained. The MRI studies were later 
blindly rated by a board certified neurora- 
diologist for any CNS pathologie findings, 
as well as overall cerebral atrophy, ventric- 
ular enlargement, and sulcal enlargement 
using a four-point rating scale (0, normal; 1, 
mild; 2, moderate; and 3, severe). The phos- 
phorus 31 coil position was determined 
through observation of the external] stan- 
dard on the proton image. A 5 X 5 X 5-cm 
VOI was chosen to coincide with the VOI 
used in the prior study of brain tumors 
(which yielded the control data) and is dis- 
played for an illustrative patient study in 
Fig 1. The magnet was shimmed by observ- 
ing the proton signal of water (85.9 Hz at 2.0 
T) using the proton imaging coil, to a line 
width of 15 to 25 Hz. The 90° pulse length 
for phosphorus 31 at the VOI position was 
determined from the phosphorus 31 signal 
of the external HMPT reference standard 


and calculated for the center of the VOI us- 
ing a computer-generated B-1 field plot. A 
one-pulse spectrum of the HMPT standard 
was recorded with a 90° excitation pulse for 
calibration of the loaded coil sensitivity. Fi- 
nally, phosphorus 31 spectra were acquired 
using the improved image-selected in vivo 
spectroscopy (ISIS) method” at 2.0 T. Ac- 
quisition parameters were as follows: rep- 
etition time, 2 seconds; sweep width, 2 kHz; 
number of scans, 640; and data size, 1000. 

Phosphorus 31 data were processed using. ` 
the NMR-1 program on a Sun Systems 
workstation. The broad signal from the 
less-mobile metabolites was removed by 
convolution difference and baseline flatten- 
ing procedures. In addition, an exponential 
line-broadening factor of 5 Hz was used. 
Integrals from individual resonance signals 
were then obtained from least-squares 
curve-fitted spectra and used for caleula- 
tion of concentrations” and ratios of peak 
integrals with correction for T, satu- 
ration.” The correction for T, saturation is 
especially important for PCr, for which the 
pulse repetition time (TR) is less than 2 T, 
For calculation of brain metabolite concen- 
trations in millimoles per liter, an 80% wa- 
ter content was assumed. The metabolites 
assessed included ATP, Pi, PCr, PME, and 
PDE. A sample spectrum from a patient 
with HIV is shown in Fig 2. 

pH Measurement.—-The pH was calculated 
from the chemical shift of inorganic phos- 
phate (6Pi) referenced to the chemical shift 
of phosphocreatine (6PCr), which was as- 
sumed to be 0 ppm, where ôPi and 6PCr were 
obtained from the curve-fitted peak posi- 
tions: 

pH = 6.17 + log(6Pi — 8.29)/(5.68 — 6Pi} 

Results 


Data were initially analyzed to de- 
termine if the 17 HIV-infected pa- 
tients had different concentrations of — 
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high-energy phosphates compared 
with the normal control subjects. The 
ATP/Pi ratio in brain was lower for 
the HIV patients compared with the 
normal control subjects (1.45 + 0.45 vs 
2.07 + 0.50, P=.03). The absolute 
magnitude of the difference between 
groups was the same for the PCr/Pi 
ratio, but the variance of the ratios 
was somewhat larger (2.32 + 0.77 vs 
2.96 + 0.83, P = .10). These compari- 
sons were unchanged when examined 
using nonparametric statistics. These 
differences between the samples were 
due to lower ATP and PCr concentra- 
tions and slightly higher Pi concen- 
trations in the HIV group, although, 
because of relatively large between- 
subject variance of absolute concen- 
trations, none of the absolute concen- 
trations significantly differentiated 
the samples. There were no significant 
differences between patients with HIV 
and control subjects concerning PME 
or PDE concentrations or the ratios 
involving these measures. 

MRS and Composite Dementia 
Scores.— When the high-energy phos- 
phates of both the controls and pa- 

“tients with HIV were examined in re- 
lationship with the neuropsychiatric 
summary assessment scores, a number 
of significant correlations resulted. 
The ATP/Pi ratio had a significant 
negative correlation with each of the 
summary assessment scores (r= 
—0.63, P = 002; r= —.44, P= 04; r= 
~.46, P = .03; and r = —.057, P = .005 
for the cognitive, neurological, behav- 
ioral, and composite dementia scores, 
respectively). A scatterplot of the 
ATP/Pi ratios vs the cognitive impair- 
ment summary score is displayed in 
Fig 3. Comparable significant negative 
correlations were noted between the 
PCr/Pi ratios and the summary as- 
sessment scores (r= —.45, P = .03; 

=~ 24, P= 28; r= —.53, P= .01; 
and r= —.047, P = .03 for the cogni- 
tive, neurological, behavioral, and 
composite dementia scores, respective- 
ly). There were no significant correla- 
tions between any of the phospholipid 
metabolite measures and any of the 
composite dementia scores. 

MRS and Illness Severity.—There 
were no significant group differences 
in ATP/Pi or PCr/Pi ratios for pa- 
tients with AIDS vs patients with 
ARC. In addition, of nine patients who 
had CD4. lymphocyte measurements 
obtained at the time of the study, there 
were no significant correlations be- 
tween ATP/Pi or PCr/Pi ratios and 
absolute CD4 lymphocyte counts. 
Weight loss was also examined in re- 
lation to the ATP/Pi ratio. Three pa- 
tients had a weight loss of 2.25 kg (5 1b) 
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or greater in the 6 months before 
enrolling in the study. The ATP/Pi ra- 
tio for these patients was 1.51 + 0.62, 
which was not significantly different 
from the corresponding values for the 
entire ADC group (1.45 + 0.45). 

Cerebral Atrophy.—Eleven of 17 
HIV-infected patients had full T,- 
weighted MRI studies that were eval- 
uated for evidence of cerebral atrophy 
and other CNS pathology. Five pa- 
tients had evidence of atrophy, and no 
other abnormalities were noted. Mea- 
surements of cerebral atrophy were 
not significantly correlated with the 
ATP/Pi and PCr/Pi ratios or ATP or 
PCr concentrations. However, ventric- 
ular enlargement was positively cor- 
related with pH (r = .78, P = .007) and 
negatively correlated with the PME 
concentration (r= —.63, P = .038). 
Sulcal enlargement scores were posi- 
tively correlated with the cognitive 
disturbance summary scores (r = .66, 
P = .03). 


COMMENT 


Although preliminary, the results of 
study 1 suggest a decrease in brain ox- 
idative metabolism in patients with 
HIV infection, with the magnitude of 
the effect directly associated with the 
magnitude of the patient’s neuropsy- 
chiatric impairment. 

We do not believe that the MRS 
changes are the result of more cere- 
brospinal fluid in the brain VOIs of 
patients with neuropsychiatric im- 
pairment because (1) measurements of 
cerebral atrophy were not signifi- 
cantly correlated with the ATP/Pi or 
PCr/Pi ratios or ATP concentration; 
(2) MRS studies of dementias in the 
elderly do not report decreased ATP/ 
Pi ratios in the presence of cortical 
atrophy”; (3) our examination of two 
sagittal images through the lateral 
ventricles in 10 patients in study 1 (the 
five with the highest and lowest ATP/ 
Pi ratios did not reveal any correlation 
between the total ventricular and sul- 
cal area within the MRS VOI and the 
ATP/Pi ratios); and (4) the concentra- 
tion of Pi in cerebrospinal fluid (0.17 
mol/L)’ is an order of magnitude 
smaller than the concentration in 
brain, and the concentration of ATP in 
cerebrospinal fluid is even smaller; 
thus, the effect of relatively small dif- 
ferences in the proportion of cere- 
brospinal fluid in the MRS volume 
should be to decrease the absolute 
concentrations, with little, if any, ef- 
fect on ratios. Finally, although the 
quantitation of metabolite concentra- 
tions requires assumptions regarding 
the tissue water content, and it is pos- 
sible that tissue water content differs 


between groups, such differences 
would have to affect concentrations of 
all metabolites equally and could not 
underlie the specifie changes we ob- 
served in ATP and PCr concentrations. 

Because the 5 X 5 X 5-cem VOI is a 
heterogeneous volume containing sub- 
stantial contributions from white mat- 
ter, gray matter, and ventricular cere- 
brospinal fluid, and because the weight 
of histological and neuroimaging stud- 
ies indicates preferential subcortical 
involvement by HIV in the CNS, we 
refined our MRS procedures for study 
2 to determine whether the MRS 
changes are specific to white matter or 
subcortical gray matter. In addition, 
preliminary data from our laboratory 
suggest that phosphorus metabolite 
concentrations are strongly affected 
by varying the brain region studied.” 
Thus, we believed that studying more 
homogeneous VOIs would yield less 
variable concentration measures 
across subjects within each group, in- 
creasing the statistical power of group 
comparisons. For study 2, we also se- 
lected a more appropriate control 
group, age and sex matched to the pa- 
tients with HIV, but with documented 
HIV seronegativity. 


STUDY 2 
Subjects and Methods 


Subjects.—In the second part of our on- 
going study, we have, so far, studied 12 het- 
erosexual male control subjects (mean 
age + SD, 24.8 + 4.4 years) in whom HIV 
seronegativity was confirmed by HIV-anti- 
body testing (enzyme-linked immunosor- 
bent assay) and three HIV-infected pa- 
tients with moderate-to-severe neuropsy- 
chiatric impairments. All control subjects 
were examined and found to be cognitively 
unimpaired using the same neuropsycho- 
logical battery as used in the examination 
of the HIV-infected patients. Inclusion and 
exclusion criteria were as described for 
study 1 subjects. All three HIV-infected 
patients carried a diagnosis of ARC, and 
two patients were receiving zidovudine at 
the time of study. 

MRI and MRS. — Procedures were identi- 
cal to those described in study 1, except that 
we selected two different VOIs to better 
characterize metabolic alterations in sub- 
cortical gray matter and white matter. The 
subcortical gray matter VOI (Fig 4) encom- 
passed the insulae, claustrum, putamen, 
caudate, globus pallidus, and thalamus bi- 
laterally with minimal white matter con- 
tamination. The white matter VOI (Fig 4) 
encompassed the centra semiovale bilater- 
ally, bordered inferiorly by the inferior 
margin of the corpus eallosum and laterally 
and superiorly by the inner margin of the 
cortical mantle. For calculation of brain 
metabolite concentrations in millimoles per 
liter, a 72% water content was assumed for 
the white matter VOI, and an 82% water 
content was assumed for the gray matter 
VOI. 


HIV Infection—Deicken et al 





Sa 


An 








* Fig 4.~-These two magnetic resonance images illustrate the white matter (outlined in white) and 





subcortical gray matter (outlined in black) volumes of interest from study 2. 
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Fig 5.--Phosphorus 31 metabolic concentrations for the white matter volume of interest in Fig 4. 
PME indicates phosphomonoester; Pi, inorganic phosphate; PDE, phosphodiester; PCr, phos- 
phocreatine; ATP, adenosine triphosphate; and HIV, human immunodeficiency virus. 


Results 


- . For the white matter VOI, the HIV- 
infected patients evidenced decreased 
ATP and PCr concentrations (P = .036 
for both, Mann-Whitney U test) and 
trends for decreased ATP/Pi ratios 
and PCr/Pi ratios (P = .073 for both, 
Mann-Whitney U test). Metabolite 
concentrations and ratios are dis- 
played in Fig 5. For the subcortical 
gray matter VOI, no differences be- 
tween the ADC and control groups 
were apparent on any variables. The 
SEs of the absolute metabolite concen- 
trations were smaller (about 5% to 7% 
of the mean value) than were the SEs 
from the 5 X 5 X 5-em VOI in study 1. 


COMMENT 


These preliminary studies strongly 
suggest that patients with neuropsy- 
chiatric impairment secondary to HIV 
infection of the brain may have im- 
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paired brain cellular oxidative metab- 
olism. In study 1, we found that, com- 
pared with control subjects, patients 
with HIV-related neuropsychiatric 
impairment had significantly reduced 
brain ATP/Pi ratios and a trend for 
reduced brain PCr/Pi ratios, with the 
reduced ratios primarily reflecting re- 
duced ATP and PCr concentrations. 
These findings are in agreement with 
the abstract by Bottomley et al” that 
reported significant reductions in ATP 
and PCr concentrations in eight pa- 
tients with ADC compared with con- 
trol subjects. Although our PCr/Pi ra- 
tios are higher than those generally 
reported in the literature, this is þe- 
eause we correct for T, saturation. 
Without the T, saturation correction, 
our PCr/Pi ratio for the control sub- 
jects in study 1 is 1.89 + 0.56, which is 
in close agreement with that reported 
by others.’ The correction is impor- 


tant because the long T, values for PCr 
will yield markedly different results if 
different repetition times are used in 
various laboratories. 

Because of the heterogeneous nature 
of the study 1 VOIs and evidence from 
our laboratory that phosphorus me- 
tabolite concentrations vary consider- 
ably across different brain regions,” 
we selected more homogeneous VOIs 
for study 2. In study 2, we examined 
primarily white matter and primarily 
subcortical gray matter VOIs. Al- 
though we studied only three patients 
for the white matter VOI and two pa- 
tients for the subcortical gray matter 
VOI, the decrease in ATP and PCr 
concentrations appeared to be specific 
to the white matter VOIs. Although 
this very preliminary result clearly 
requires confirmation with a larger 
sample size, it is in agreement with 
neurohistological and MRI data re- 
vealing major HIV-related neuropa- 
thology in white matter.!!* 

The results from study 1 also sug- 
gest that the degree of metabolic com- 
promise may be related to the severity 
of neuropsychiatric impairment, as ev- 
idenced by significant negative corre- 
lations between the ATP/Pi and PCr/ 
Pi ratios and the neuropsychiatric 
summary assessment scores. This is 
the first in vivo MRS study, to our 
knowledge, to report an association 
between the severity of HIV-related 
neuropsychiatric impairment and the 
degree of impaired brain energy me- 
tabolism. This finding is consistent 
with the results of Pohl et al,” who 
noted that worsening of dementia in 
patients with ADC was associated 
with an increase in uptake defects (de- 
creased local cerebral blood flow and 
disturbed cerebral amine metabolism) 
on single-photon emission computed 
tomography. If this association is cor- 
roborated by further study, in vivo 
phosphorus 31 MRS may hold promise 
for monitoring biological factors asso- 
ciated with HIV disease progression in 
the brain and for monitoring response 
to treatment with medications that 
improve HIV-related neuropsychiat- 
ric impairment, such as zidovudine." 

The association of HIV-related 
neuropsychiatric impairment with 
changes in brain high-energy phos- 
phorus metabolism suggests two non- 
exclusive possibilities. The first is that 
the metabolic alterations are due to a 
severe metabolic disturbance in focal 
areas with the VOI. The second possi- 
bility is that the metabolic alterations 
are due to a process that affects most 
or all cells within the VOI. To deter- 
mine if the nature and extent of HIV- 
related MRS-determined metabolic al- 
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terations are due to focal lesions, we 
are currently attempting to correlate 
MRI findings (brain atrophy and 
white-matter disease) with MRS re- 
sults. If we find that MRS detected 
changes that occurred in VOIs with 
absent or very few focal MRI lesions, 
this will be interpreted to suggest that 
the metabolic changes are due to a 
process that affects most cells with the 
VOI. 

It is unclear at this time whether al- 
tered brain phosphorus metabolism is 
specific to HIV disease or is a general 
finding reflective of a progressive sub- 
cortical dementing process. There 
have been very few in vivo phosphorus 
31 MRS studies of subcortical demen- 
tia syndromes such as Parkinson’s or 
Huntington’s dementia. One small 
study of Parkinson’s disease” found no 
significant differences in the ratios of 
cerebral phosphate metabolites such 
as PCr/Pi compared with control sub- 
jects: Nevertheless, it is conceivable 
that our findings of impaired energy 
metabolism could be the consequence 
of the subcortical nature of HIV-re- 
lated neuropsychiatric impairment 
and would be present in other subcor- 
tical dementia syndromes as well. 
Therefore, we are currently undertak- 
ing in vivo phosphorus 31 MRS studies 
of non-HIV-related subcortical de- 
mentias (such as multiple sclerosis- 
related dementia) to address this is- 
sue. In vitro and in vivo phosphorus 31 
MRS studies of cortical dementias 
such as Alzheimer’s and multi-infarct 
dementia have revealed alterations 
primarily in the PME and PDE reso- 
nances with no significant changes in 
measurements or indexes of cellular 
oxidative metabolism. 2239 

Our ongoing in vivo phosphorus 31 
MRS study of deep white-matter le- 
sions (also called leuko-araiosis) in 
demented and nondemented elderly 
subjects also provides interesting com- 
parative data. In white matter VOIs, 
we have found significant reductions in 
the. ATP/Pi ratios and PDE concen- 
tration associated with the presence of 
extensive deep white-matter lesions, 
but unrelated to the presence of de- 
mentia.” In the current study, where 
many of the HIV-infected patients 
also have white-matter lesions evi- 
denced on MRI, we find a similar de- 
crease in the ATP/Pi ratio but fail to 
find a decrease in the PDE concentra- 
tion. This may indicate that the mech- 

-anisms underlying the white-matter 
changes differ in the two disease pro- 
cesses or may reflect a difference in the 
severity of disease in the two cases. 

This study illustrates the impor- 
tance of quantitation methodology, 
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along with image-guided three-dimen- 
sional localized phosphorus 31 MRS. 
We used an improved ISIS technique% 
to obtain MRI-localized phosphorus 31 
MRS of human brain. This technique, 
which has been carefully studied in 
computer-simulated analyses and 
phantom studies,“ provides accurate 
localization for characterization of rel- 
atively homogeneous human brain 
VOIs. 

There are a number of simplifying 
assumptions that, as we have noted 
previously,” are involved in the calcu- 
lation of molar concentrations. First, 
for quantitation, the tissue within the 
VOI is assumed to be homogeneous, 
with the measured concentrations rep- 
resenting the mean concentration 
within the VOI. Second, the T, values 
used to calculate concentrations were 
derived from normal subjects for large 
brain volumes, which were less homo- 
geneous than the VOIs of the current 
study. This was necessary because of 
the tremendously lengthy study times 
necessary to measure phosphorus 31 T, 
values. We estimated that a T, study 
for each metabolite separately for the 
white matter and subcortical gray 
matter VOIs would involve having 
each subject spend several hours in the 
magnet for each VOI. Third, our mea- 
surements could be influenced by vari- 
ation between subjects in metabolite 
mobility as well as in metabolite con- 
centration. Fourth, we assumed a uni- 
form tissue water content for each VOI 
across subjects. If the water content 
varied among subjects, that could have 
affected the concentrations, but it 
would have affected all metabolites 
equally. 

The simplifying assumptions noted 
above argue for caution in the inter- 
pretation of our results. The results 
clearly indicate that there are changes 
in aspects of the phosphorus 31 MRS 
associated with HIV infection. Al- 
though it is possible that the effect re- 
flects differential changes in the mo- 
bility of the various metabolites, or in 
their T, values, we do not believe it is 
likely. Our preliminary simulations 
suggest that the effect of differences 
between metabolites in mobility and T, 
values would be small compared with 
the effect of differences in metabolite 
concentration (except possibly for 
PCr, where the T, time is greater than 
the repetition time). Thus, the most 
parsimonious interpretation of our re- 
sults is that they reflect concentration 
differences. 

Finally, it is important to note that 
the in vivo phosphorus 31 MRS tech- 


_ nique is in its infancy. We fully expect 


great advances in magnet strength, 


pulsing technology, and phosphorus 31 
spectroscopic imaging. These advances 
will result in the ability to quantitate 
metabolite concentrations throughout 
the brain in ever smaller voxels. Such 
advances, together with the develop- 
ment of proton MRS technology, por- 
tend an explosion of in vivo studies of 
brain metabolism in normal and 
pathological conditions. 
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The Effect of Sleep on the Dyskinetic Movements of 
Parkinson’s Disease, Gilles de la Tourette Syndrome, 
Huntington’s Disease, and Torsion Dystonia 


David R. Fish, MD; Diane Sawyers; Philip J. Allen, MSc; Jeffrey D. Blackie, FRACP; Andrew J. Lees, FRCP; C. David Marsden, FRS 


@ The effect of sleep on the involuntary 
movements or dyskinesias in Parkinson’s 
disease, Huntington’s disease, primary 
and secondary torsion dystonia, and Gilles 
de la Tourette syndrome was studied in a 
total of 52 patients and 10 normal subjects 
using video electroencephalographic te- 
lemetry. Movements typical of the wake 
pattern were seen occasionally during un- 
equivocal sleep in all but two completed 
studies, and in each condition reappeared 
under similar circumstances. The move- 
ments were most likely to occur after 
awakenings or lightenings of sleep, or in 
stage one sleep. The movements were 
very rare during the deeper phases of 
sleep. Those movements that occurred 

-during sleep without awakenings were 
usually preceded by arousal phenomena 
and, rarely, by sleep spindles or siow 
waves. The control group showed normal 
“semipurposeful” movements under the 
same conditions during sleep. The rare 
appearance of the different dyskinesias 
and normal movements under similar cir- 
cumstances during sleep could be a result 
of common effects on the generator sys- 
tems or changes in the excitability of the 
tinal common motor pathway. 

(Arch Neurol. 1991;48:2 10-214) 
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he widely held belief that most 

involuntary movements or dyskine- 
sias, except for certain types of 
myoclonus, cease completely during 
sleep’? has been shown to be in- 
correct.** However, the exact circum- 
stances during sleep under which 
occasional movements may reappear 
have not been defined. Unfortunately, 
previous studies have used inappropri- 
ate methods of sleep staging, failed to 
identify the precise electroencephalo- 
graphic (EEG) phenomena associated 
with each movement, or have not char- 
acterized the movements themselves. 

For the purposes of sleep staging, 
the overnight record is usually divided 
into fixed epochs of 20 or 30 seconds.‘ 
Most epochs contain a mixture of sleep 
phenomena that may be used to clas- 
sify each epoch as stages one to four or 
rapid eye movement (REM) sleep ac- 
cording to the criteria of Rechtschaf- 
fen and Kales. However, the fixed- 
time base employed in this assessment 
leads to transition epochs that really 
contain sleep of two different stages. 
For example, Fig 1 shows a transition 
from stage two to wake. The first half 
of the epoch contains sleep phenomena 
with a low-amplitude submental elec- 
tromyogram (EMG), background 
theta activity, and a K complex. Just 
into the second half of the epoch, alpha 
rhythm develops. This is followed by a 
head movement artifact and an in- 
crease in submental tone. Convention- 
ally such epochs are scored according 
to the type of sleep occupying the ma- 
jority of the period,‘ which, in this 


case, would be stage two sleep. This 
approximation has little effect on the 
overall description of the sleep pattern 
because transition epochs account for 
only 3% to6% of the normal overnight 
record.’ However, events that occur in 
association with changes in sleep stage 
could be designated inappropriately. 
Earlier reports**” suggest that arousal 
phenomena frequently precede noctur- 
nal movements. Therefore, studies re- 
lying solely on scoring systems such as 
that described by Rechtschaffen and 
Kales* may be misleading. 

The precise EEG phenomena asso- 
ciated with each movement are impor- 
tant because arousals may occur that 
are insufficient to cause a change in 
sleep stage,” and motor function may 
vary with specific EEG phenomena. 
For example, in animals there is a 
marked reduction in the frequency of 
spontaneous motor unit discharges in 
association with sleep spindles,” and 
intracellular recordings in cats have 
shown rapid changes in the membrane 
potential of alpha motor neurons dur- 
ing REMs.” 

Involuntary movements may be 
identified using surface EMG, but such 
recordings alone may not distinguish 
different: types of movement. Visual 
confirmation is often necessary to de- 
termine the nature of sleep move- 
ments. 

In 1964 and 1965, Tassinari et al’? 


reported the effect of sleep on involun-” 


tary movements in several groups of 
movement disorders. Qualitative di- 
rect observations combined with EEG 
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Fig 1.—A 20-second fixed epoch showing a transition from sleep to wakefulness. REOG indicates 
right electro-oculogram; LEOG, left electro-oculogram; SM, submentalis surface electromyogram. 


and EMG recordings suggested that 
most movements decreased or stopped 
on falling asleep, but both parkinso- 


nian tremor and “nonrhythmic move- 


ments (such as choreic syndromes)” 
were observed occasionally during all 
sleep stages, usually in association 
with awakenings, lightening of sleep, 
and global or segmental body move- 
ments. However, the precise EEG phe- 
nomena preceding each type of move- 
ment were not described. Subse- 
quently, Mano et al attempted to 
quantitate the overnight activity of 
patients with dyskinesias. In four pa- 
tients with choreoathetosis, one pa- 
tient with ballismus, and four patients 
with secondary dystonia, the fre- 
_ quency of “characteristic surface EMG 
discharges” showed a reduction from 





wake through stages one to four with 


stage REM giving a level similar to 
that of stage one or two sleep. 

The findings of Tassinari et al?" and 
Mano et al’ have been supplemented by 
investigations that have been limited 
to a single-movement disorder, al- 
though methodological differences im- 
pair direct comparisons. Parkinsonian 
tremor has been extensively studied 
during sleep, but the results have been 
conflicting. Parkinson himself ob- 
served that tremor could occur during 
sleep in advanced cases of the shaking 
palsy, and this was supported by 
: Gowers," but both Froment and 

Delore and Friedlander” failed to 
- observe tremor during sleep in such 
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patients. Accelerometer recordings, 
however, confirmed the occurrence of 
tremor during sleep in Parkinson’s 
disease, particularly in association 
with awakenings or body movements, 
and showed brief bursts of tremor 
during stage REM sleep.*’ The occur- 
rence of parkinsonian tremor during 
non-REM sleep in the absence of be- 
havioral or EEG evidence of arousal 
has also been reported,’ although not 
confirmed by Stern et al’ who noted the 
appearance of posterior alpha rhythm 
prior to episodes of tremor during ep- 
ochs of sleep that were scored as stage 
two. The amplitude of tremor during 
sleep was observed to be half to two 
thirds that of wake,’ and to show 
marked beat-to-beat variation (partic- 
ularly in stage REM sleep), although 
the frequency was unchanged. With 
regard to dystonia, brief bursts of 
asymmetrical sternocleidomastoid 
surface EMG activity were recorded 
during stage REM sleep in eight of 16 
patients with spasmodic torticollis. 
In Gilles de la Tourette syndrome sur- 
face EMG, accelerometer, and video 
recordings demonstrated tics during 
all sleep stages in 10 children or young 
adults.” The mean number of ties per 
night during sleep was only 12, and the 
proportion of tics occurring in each 
sleep stage was not determined. No tics 
were recorded during sleep in two 
older subjects (aged 37 and 48 years) 
with this syndrome. 

The present study investigated the 


Table 1.—The Number of Patients in 
Each Group 


No. of 


Normal subjects 


Parkinson's disease 10 
Huntington's disease § 
Gilles de la Tourette syndrome 13 
Primary generalized torsion 

dystonia 14 
Secondary torsion dystonia 10 


Total 


effect of sleep on the expression of 
parkinsonian tremor, Huntington’s 
disease, Gilles de la Tourette syn- 
drome, primary and secondary torsion 
dystonia, and “semipurposeful” global 
or gestural movements in normal sub- 
jects. 





SUBJECTS AND METHODS 
Subjects 


Sixty-two subjects were studied (Table 1) 
with the approval of the Medical Ethics 
Committee of The National Hospital for 
Neurology and Neurosurgery Diseases, 
London, England. No alterations were 
made to treatment, and all subjects gave 
informed consent. Thirty-seven of the pa- 
tients were taking medication. These in- 
cluded 14 patients who were taking benzo- 
diazepines, 15 who were taking anticholin- 
ergics, 11 who were taking dopaminergic 
drugs, and 10 who were taking antidopam- 
inergic drugs. One patient with Parkinson’s 
disease had previously undergone a unilat- 
eral thalamotomy (ipsilateral to the limb 
studied), and two patients with primary 
torsion dystonia had had bilateral thala- 
motomies. 


Methods 


Sleep studies were performed in a quiet 
single room after one night of adaptation 
using the split-screen video cable EEG 
telemetry equipment described by Roberts 
and Fitch.” This provided up to nine chan- 
nels of electrophysiological monitoring in 
addition to the time code. Six channels were 
used to record sleep following the recom- 
mendations of Rechtschaffen and Kales,* 
and up to three were used to record move- 
ments. Movements were monitored using 
surface EMG pad electrodes 1.5 em in di- 
ameter or accelerometer (Siemens type 230) 
recordings from appropriate muscle 
groups, and a low light-intensity video eam- 
era. The paper records were coded and 
scored blind to the clinical information by 
one of us (D.R.F.) using the recommenda- 
tions of Rechtschaffen and Kales* with the 
following amendments to describe transi- 
tion epochs: lightening (L), an epoch that 
contained a transition from a deeper stage 
to a lighter stage of sleep; awakening (A), 
an epoch that contained a transition from 
sleep to wake; deepening (D), an epoch that 
contained a transition from a lighter stage. 
to a deeper stage of sleep; and predormitory 
(P), an epoch that contained a transition 
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No. of 


No. of Characteristic Movements 
Dennen 




















Group Completed Studies Total Median Range 
Normal subjects * 8 251 31.5 26-57 
Parkinson's disease 10 132 12 1-61 
Huntington's disease 5 204 15 13-107 
Primary dystonia 12 203 8.5 1-54 
Secondary dystonia 6 213 11.6 5-114 











Gilles de la Tourette syndrome 


* Normal subjects often made normal ‘‘semipurposeful"’ movements during sleep. 


143 0-57 





Table 3.—-The Median Number of Epochs Containing a Movement per 100 Epochs of 
the Sleep Stage for Semipurposeful Movements and Nonmyoclonic 
Movement Disorders * 


Group 


Sleep Stage 





Normal 





Parkinson's disease 





Huntington's disease 





Primary dystonia 





Secondary dystonia 





Gilles de la Tourette syndrome 





*W indicates wake; A, awakening; L, lightening; 1 and 2, stages 1 and 2 sleep; and REM, stage rapid eye 


movement sleep, 


Table 5.—The Specific Electroencephalographic Events Before Movements 


Relative Risk of Specific Electroencephalographic 


Event in the Preceding Miniepoch* 


rere a, 


Group Arousal 


Rapid Eye 
Movement Spindle Slow Wave 


Sleep 








. Normal 5.8T 


0.76 0.08t ot 





Parkinson's disease 5.1t 


3.2łł} 0 





Huntington's disease 4.8t 


1.6 0.06t 





Primary dystonia 3.8t 


1.2 0.06 





Secondary dystonia 4.2¢ 


0.15 0.11t 





Gilles de fa Tourette syndrome 


*Chance = 1. 
tP < .0001, x” two-tailed test. 


3.3t 


1.3 0.6 





Most of this ratio was contributed by one patient with severe Parkinson’s disease who had had a previous 


thalamotomy. 
§P < .01, x? two-tailed test. 


from wake to sleep. 

The entire split-screen video recording 
displaying the neurophysiological data and 
simultaneous clinical events was reviewed 
in all cases, and the times of all definite 
movements were noted. Epochs of awaken- 
ing or lightening that included a movement 
were reexamined without reference to the 
video or movement detector channels in or- 
der to determine whether the change in 
sleep stage preceded or followed the move- 

“ment. 

The onset of each movement that oc- 
curred during unequivocal sleep was 
marked on the paper record after it had 
been ascribed to a sleep stage. Two ran- 

< domly timed.control marks were then made 
on the paper record for each movement. 

The two-second “miniepoch” prior to 
each mark was subsequently analyzed blind 

tothe movement channels or video record- 
ing for the following phenomena: (1) 
arousal phenomena: (@) increased submen- 
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tal tone above 50% of the baseline and in- 
crease in EEG frequency, or (b) alpha band 
rhythm lasting for more than 0.5 second 
(outside stage REM sleep unless associated 
with other evidence of arousal), or (c) K 
complex; (2) sleep spindles (11.5 to 15 Hz 
activity for at least 0.5 second); (3) slow 
waves (greater than 75 uV peak-to-peak 
amplitude); and (4) REMs. 

This miniepoch length was the shortest 
needed to readily detect all of the above 
phenomena. Furthermore, a study of sleep 
spindles and muscle discharges in rats 
showed a disparity of up to 1.5 seconds be- 
tween the onset of a sleep spindle and asso- 


ciated changes in muscle activity." If two or, 


more phenomena occurred together (which 
happened in less than 5% of events) only 
the one occupying most. ofthe miniepoch 
was counted. 

The relative risk of a specific EEG phe- 
nomena preceding a Bardens movement 
was defined as 









Table 4.—The Timing of Movements 
During Awakening (A) and Lightening 
{L} in Relation to the Onset of the 
Change in Sleep Stage 






Movements in Stage 
AorL 
aenn n, 
Proportion After 











the Shift in 
Electroen- 
Group No. cephalogram™* 

Normal 89 0.89t 
Parkinson's disease 69 0.93t 
Huntington's disease 62 0.83+ 
Primary dystonia 76 O.97+ 
Secondary dystonia 60 0.83+ 








Gilles de la Tourette 
syndrome 
*Chance = 0.5. 


+P < .0001, two-tailed binomial statistics. 
+P < .001, two-tailed binomial statistics. 





0.73+ 


Percent Premovement Miniepochs 
Containing the Phenomena 
Percent Control Miniepochs 
Containing the Phenomena 


Two hundred eighty-three miniepochs from 
four randomly selected records were scored 
by two observers independently (D.R.F. and 
D.S.) with interobserver and intraobserver 
repeatabilities of 0.90 and 0.96, respectively. 


RESULTS 
The Number of Movements During 
Unequivocal Sleep 


Nine patient and two control studies 
were abandoned because of an inade- 
quate video or neurophysiological 
record. Movements typical of the wake 
dyskinesia were documented during 
unequivocal sleep in 41 of 43 completed 
studies (Table 2). Control subjects of- 
ten made apparently normal semipur- 
poseful movements during sleep. 


The Reappearance of Movements in 
Relation to Sleep Stage 


Normal Semipurposeful Movements in 
Control Subjects.—These movements 
were most frequent during awaken- 
ings or lightenings of sleep, and then 
stage one sleep. They were rare during 
stages two and REM (Table 3), and 
virtually absent during stages three, 
four, predormitory, and deepening 
(median scores zero in all four of these 
categories). The voluntary control of 
such movements precluded a meaning- 
ful assessment of the frequency during 
wakefulness. _ 

Dyskinesias in Patients’ With Move- 
ment Disorders.— The number of epochs 
that contained.a movement per 100 
epochs of each sleep stage showed a 




































~ 


similar pattern. for all dyskinetic ™ * 


groups’ (Table 4). All types of move- 
ments. were most frequent during 
stage awakening, followed by stages 
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lightening and one. The movements 
reoccurred very occasionally in some 
patients during stages two and REM, 
, -andwere virtually absent during slow- 
“wave sleep, predormitory, or deepen- 
coing (the median scores were zero for 
these four categories, with the excep- 
“tion of stage predormitory in patients 
with Gilles de la Tourette syndrome, 
“which had a score of 2.3 movements per 
100 epochs). 


The Rank Order of Sleep Stages by the 
Frequency of Movements 





.. Ranking of sleep stages by the pro- 
portion of epochs containing a move- 
ment showed no significant difference 
«between the various dyskinetic groups 
(PF = 1.000, analysis of variance 
«. [ANOVA)). The rankings were com- 
_ bined to give a mean rank order of 
< sleep stages by the proportion of ep- 
ochs containing a movement. Each of 
the following differences was signifi- 
cant (P < .05, ANOVA Duncan): Wake 
greater than awakening greater than 
lightening greater than stage 1 greater 
than stage 2 greater than stage REM 
greater than stages 3, 4, or D. Stages 3, 

4, and D did not show a significant dif- 
ference between each other. Stage P 
»was less than stage 2, greater than 
stage 3, 4, or D, and not significantly 
different from stage REM. 









The Timing of Movements in Relation to 
Awakenings and Lightenings of Sleep 


Dyskinetic ‘movements during 
epochs of awakening or lightening usu- 
ally occurred after the onset of the 
change in the depth of sleep (Table 4). 


The Specific EEG Phenomena 
Preceding Movements 


All types of movement were most 
likely to occur after EEG evidence of 
arousal. Conversely, they were less 
- “likely to occur in association with sleep 
~ spindles and slow waves (Table 5). 





- Observations on the Consecutive 
Occurrence of Different Movement 
Conditions 


Normal semipurposeful global or 
gestural movements were seen during 
the 20-second epoch before 28% of 
dyskinetic movements. Two patients 
had periodic movements of sleep and 
Parkinson’s disease. Both cases had 
episodes of hand tremor that com- 
menced during a triple flexion of a 
lower limb (Fig 2). On the few occa- 

~ Sions that dyskinetic movements were 
: qanifest during epochs staged as REM 
: sleep, they were usually preceded by a 
fragmentary myoclonic twitch or 
_-burst.of submentalis activity (Fig 3). 
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Fig 2.—An episode of parkinsonian tremor evident in the accelerometer (accel) and extensor dig- 
itorum communis (EDC) records during a lightening of sleep, preceded by evidence of arousal (K 
complex and increase in submental electromyogram [EMG]) and associated with a periodic move- 
ment of sleep at the onset evident in the tibialis anterior EMG (T ant EMG). REOG indicates right 
electro-oculogram; LEOG, left electro-oculogram; SM, submentalis surface EMG. 
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Fig 3.— An episode of tremor in a patient with Parkinson's disease during an epoch of stage rapid 
eye movement sleep seen in the accelerometer (Acc), and preceded by bursts of submentalis ac- 
tivity evident in the submental electromyographic recording. REOG indicates right electro-oculo- 
gram; LEOG, left electro-oculogram; and SM, submentalis surface electromyogram. 
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Observations on the Morphology of 
Movements in Sleep 


briefer or fragmented and of less am- 
plitude than typical wake movements. 


All movements recorded by camera 
should have been visible to an observer 
from the end of the bed. Most dyski- 
netic movements during sleep were 


COMMENT 


Nearly all patients with Parkinson's 
disease, Huntington’s disease, dysto- 
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nia, or Gilles de la Tourette syndrome 
displayed movements characteristic of 
the wake condition during sleep. Par- 
kinsonian tremor, chorea, dystonic 
spasms, and tics all reappeared occa- 
sionally during sleep under similar 
‘circumstances. These dyskinesias oc- 
curred most commonly after an awak- 
ening and, to a lesser extent, following 
a shift to a lighter sleep stage or dur- 
ing stage one sleep. These dyskinesias 
were very rare during epochs staged as 
sleep stages two or REM, while the to- 
tal number recorded during stages 
predormitory, deepening, three, and 
four was negligible. The conventional 
20- or 30-second sleep staging epoch is 
long relative to the duration of these 
nocturnal movements and even the use 
of additional terms to describe transi- 
tion epochs may not fully describe the 
relationship of brief movements to 
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sleep activities such as miniarousals or 
other body movements. This study 
demonstrated that movements occur- 
ring in unequivocal sleep usually fol- 
lowed a 2-second epoch that contained 
EEG evidence of arousal. Conversely, 
the movements very rarely occurred in 
association with slow waves or sleep 
spindles. The latter finding is in keep- 
ing with the report of reduced motor 
unit activity during sleep spindles in 
rats.” 

Semipurposeful movements oc- 
curred in normal subjects in the same 
sleep stages and in association with 
the same EEG phenomena as the dys- 
kinesias. These observations suggest 
that both normal semipurposeful sleep 
movements and dyskinesias are mark- 
edly suppressed during the deeper 
phases. Conversely, they all reappear 
during awakenings, lightenings of 
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sleep, or stage one sleep. Presumably E 
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they arise in the same cerebral region. Sy 
It is possible that sleep silences the ce- 
rebral generators in different brain 
regions. Alternatively, it may inacti- 
vate an output pathway from the brain 
to the muscles common to all these 
types of movement. The latter would 
be supported by the variety of motor 
behaviors that are released during 
REM sleep following damage to the 
descending inhibitory pathways aris- 
ing in the region of the locus coeruleus 
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*Intravenous Immunoglobulin Treatment in Patients With 


Chronic Inflammatory Demyelinating Polyneuropathy 


Clinical and Laboratory Characteristics Associated With Improvement 


P, A. van Doorn, MD; M. Vermeulen, MD; A. Brand, MD; P. G. H. Mulder, PhD; H. F. M. Busch, MD 


;¿ œ Of 52 patients fulfilling the criteria of 
chronic inflammatory demyelinating poly- 
“neuropathy, 20 (38%) did not improve af- 
“ter intravenous immunoglobulin treat- 

“ment, two (4%) had a short-lasting im- 
E provement and subsequent infusions had 
“no. effect, nine (17%) reached a spontane- 
ously or therapeutically induced complete 
remission, and 21 patients (40%) needed 
intermittent infusions to maintain improve- 
ment. All patients who improved initially 
had symptoms that significantly interfered 
with life-style. After treatment, 90% of 
these patients were independent in their 
daily activities. Significantly associated 


ca with improvement were disease duration 


of less than 1 year, progression of weak- 
‘ness until treatment, absence of discrep- 
ancy in weakness between arms and legs, 
areflexia of the arms, and slowed nerve 
conduction velocity of the motor median 
nerve. The probability of improvement if 
all these features are present is 93%. 
(Arch Neurol. 1991;48:2 17-220) 


Patients with chronic inflammatory 

demyelinating polyneuropathy 
(CIDP) may respond to corticoste- 
roids' and to plasma exchange,’ which 
was shown in controlled studies. 
- Improvement has also been reported 
“after the administration of azathio- 
prine, cyclophosphamide," and cyclo- 
sporine A.** Recently, several uncon- 


«trolled studies described a beneficial 


response to intravenous immunoglob- 
ulin (Ig) treatment.*” The beneficial 
effect of intravenous Ig treatment in 
patients with CIDP was supported by 
the results of a double-blind placebo- 
controlled crossover study." 

In this article, we present our expe- 
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rience with intravenous Ig treatment 
in 52 patients with CIDP. The aims of 
this study were to investigate what the 
proportion of CIDP patients is that 
improved after intravenous Ig treat- 
ment, what the effect of repeated in- 
travenous Ig is on the disability of 
these patients, and which clinical and 
routine laboratory factors are associ- 
ated with improvement. 


PATIENTS AND METHODS 
Patients 


Clinical and laboratory records were re- 
viewed for all patients who were judged to 
have a CIDP and who were treated with in- 
travenous Ig. 

All patients included in this study ful- 
filled the following criteria as outlined by 
Dyck et al: (1) the course of the disease 
may be steadily progressive, chronic 
monophasic, or recurrent; (2) nerve conduc- 
tion may be normal in motor and afferent 
fibers, but more commonly (though not 
mandatory) it is slowed; (8) cyto-albumin- 
ologie dissociation is usually seen at some 
time during the course of the disease and in 
most of our patients; and (4) had a tendency 
to symmetric involvement and to involve- 
ment of proximal as well as distal limb 
muscles. 

We tried to exclude patients with the 
Guillain-Barré syndrome,'* therefore all 
patients had the clinical features of a poly- 
neuropathy with a progression of weakness 
of at least 2 months. Patients with known 
systemic disease were excluded in our se- 
ries, except for four patients with diabetes 
mellitus and two patients with a benign 
monoclonal gammopathy, type IgG-« and 
IgG-a, respectively. 


Clinical Assessment 


Muscle strength was tested manually us- 
ing the Medica! Research Council seale.” At 
least six muscle groups were tested on each 
side. These were muscles for shoulder ab- 
duction, elbow flexion, wrist extension, hip 
flexion, knee extension, and ankle dorsiflex- 
ion. Asymmetric weakness between left and 
right was defined as a difference of two or 
more grades on the Medical Research Coun- 
cil seale between at least one of the same 
muscle groups. Discrepancy in weakness 
between arms and legs was defined as a dif- 
ference in muscle strength of two or more 


grades on the Medical Research Council 
scale between ankle dorsiflexion and wrist 
extension. 

The disability of the patients was as- 
sessed using the Rankin scale, This scale 
estimates functional disability or handicap. 
Improvement was defined as an increase of 
at least one step on the Rankin disability 
scale. 


Treatment 


All 52 patients with CIDP were treated 
with high-dose intravenous immunoglobu- 
lin (Central Laboratory of the Dutch Red 
Cross Blood Transfusion Service, Amster- 
dam, the Netherlands) in a dosage of 0.4 
g/kg of body weight per day for five consec- 
utive days. If necessary, treatment was re- 
peated. The 52 patients did not receive cor- 
ticosteroids or other immunosuppressive 
treatment within the 2 months before, or 
together with, intravenous Ig treatment. 


Statistical Analysis 


We investigated the association between 
improvement and the following character- 
istics: sex, age less than 50 years, disease . 
duration less than 1 year, absence of asym- 
metric weakness, absence of discrepancy in 
weakness between arms and legs, areflexia 
legs, areflexia arms, progression of weak- 
ness until 4 weeks or less before onset of 
treatment, remitting or progressive course 
of the disease, cerebrospinal fluid protein 
level of more than 0.5 g/L in adults or more 
than 0.4 g/L in children, a cerebrospinal 
fluid white blood cell count of 10.10°/L or 
less, and slowed nerve conduction velocity 
(NCV) of the motor median nerve. The NCV 
of the median nerve was measured over the 
forearm with standard techniques, slowed 
NCV was defined as an NCV of less than 
80% of the lower limit of normal. The lower 
limit of normal was 51 m/s. 

For analysis of the association between 
each of the above-mentioned characteris- 
tics and improvement after intravenous Ig 
treatment, the two-sided Fisher Exact 
Probability Test was used. A logistic re- 
gression analysis was used for simulta- 
neously analyzing the predictive value of all 
those characteristics that were signifi- 
cantly related with improvement. 


RESULTS 


Fifty-two patients (83 men and 19 
women) were diagnosed as having 
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CIDP over a study period of 8 years. 


-C Their ages ranged from 5 to 82 years 


(mean, 48 years) at onset of CIDP in 
the group of patients who improved, 
and from 10 to 76 years (mean, 46 
years) in the group of patients who did 
not improve. 

The mean follow-up in the group of 
patients who improved was 4.1 years, 
median, 8.1 years (range, 8 to 251 
months). The mean follow-up in the 
group of patients who did not improve 
was 5.7 years, median, 3.6 years (range, 
16 to 295 months). Before intravenous 
Ig was started, nine (17%) of 52 pa- 
tients had remissions and exacerba- 
tions. The mean and median time be- 
tween onset of CIDP and intravenous 
Ig treatment in the patients with a re- 
mitting course was 9 months (range, 4 
to 18 months). The mean time between 
onset of CIDP and intravenous Ig 
treatment in the patients with the 
progressive form was 25 months, me- 
dian time, 6 months (range, 2 to 247 
months). The group of patients with a 
remitting course has a mean age of 36 
years, median, 31 years (range, 10 to 64 
years). The patient group with the 
progressive form has a mean age of 49 
years, median, 54 years (range, 5 to 82 
years). Follow-up revealed lung cancer 
in two patients; in one patient, 6 
months, in the other patient, 2 years 
vafter the diagnosis of CIDP was made 
and intravenous Ig was started. The 
second patient died. One patient died 
of a mesothelioma after 6 years of in- 
travenous Ig treatment. Two patients 
died after a myocardial infarction, and 
one patient died of complications after 
abdominal surgery; these three pa- 
tients received intravenous Ig for a 
period of 2 to 3 years. All six patients 
had improved after treatment with in- 
travenous Ig, one had a remission after 
one treatment course, the other five 
needed repeated infusions to maintain 
-the improved condition. 


Treatment Response 


Thirty-two (62% ) of the 52 patients 
improved after treatment with intra- 
venous Ig. The improved condition 
could be maintained in 30 (94%) of 
< these patients for a mean follow-up 
period of 4 years. There was no corre- 
lation between the course of CIDP (re- 
-mitting or progressive) and improve- 
ment after treatment with intrave- 
-nous Ig. The mean time after onset of 
intravenous Ig treatment to the initial 
signs of improvement was 5 days 
(range, 3 to 8 days). The mean time to 
reach maximal improvement was 5 
weeks (range, 2 to 16 weeks). | 

The disability before treatment and 
the maximal score after treatment was 
“measured with the Rankin score 
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Rankin Score 


Description 


Table 1.—Minimal and Maximal Clinical Grade in 32 Patients With CIDP Who Improved ` 
After intravenous immunoglobulin (Ig) Treatment * 








intravenous Ig Treatment, 
No. of Patients 

Y sesmeeeaeaeemmmmmeememnaetibemmenennaenemuemnaemet 

Before After 





Asymptomatic 


7 





Nondisabling symptoms that do not SC 18 


interfere with life-style 





Minor disability symptoms that lead Sag 4 
to some restriction of life-style, 
but do not interfere with the pa- 
tients’ capacity to look after them- 


selves 





Moderate disability symptoms that 
significantly interfere with life-style 
or prevent totally independent ex- 


istence 





Moderately severe disabiilty symp- 
toms that clearly prevent indepen- 
dent existence, although patient 
does not need constant attention 


day and night 





Severely disabled, totally depen- 
dent, requiring constant attention 


day and night 





* CIDP indicates chronic inflammatory demyelinating polyneuropathy. 


(Table 1). 

Four patients improved one grade, 
10 patients improved two grades, eight 
patients improved three grades, and 10 
patients improved four grades on the 
Rankin scale. Twenty-one (66% ) of the 
32 patients who improved (40% of all 
52 patients) needed intermittent intra- 
venous Ig treatment to maintain the 
maximal level of improvement. Ini- 
tially, most of these patients received 
0.4 g of intravenous Ig per kilogram of 
body weight every other week. In nine 
of these 21 patients, the dosage of 
intravenous Ig could gradually be 
tapered off to an average dosage of 
0.25 g of intravenous Ig per kilogram of 
body weight every other week, without 
clinical signs of relapse. This mainte- 
nance therapy of intravenous Ig was 
administered within 1.5 hours in an 
outpatient department. 

In two of 32 patients, there was 
a short-lasting improvement (+3 
weeks), and subsequent intravenous Ig 
infusion had no effect. Nine (22%) of 
the 32 patients who improved reached 
complete remission (17% of all pa- 
tients). The median follow-up in pa- 
tients in remission was 24 months 
(range, 6 to 68 months). The only 
differences between patients who 


reached complete remission and the 


other patients who improved was the 
disease duration before treatment. 
The median time from the first signs 
of CIDP to the onset of intravenous Ig 
treatment in the patients who reached 
complete remission was 3 months 
(range, 2 to 8 months), whereas the 
median time was 7 months (range, 2 to 
220 months) in the group of patients 


who improved, but who needed inter- 
mittent intravenous Ig treatment. 


Side Effects of 
Intravenous Ig Treatment 


Minor side effects such as headache, 
nausea, and fatigue were sometimes 
observed, mainly related to the speed 
of infusion. None of the patients de- 
veloped hepatitis. Ten patients who 
had intermittent intravenous Ig infu- 
sions for at least 2 years were tested 
for the presence of human immunode- 
ficiency virus; all were negative. 


Laboratory Data 


The mean conduction velocity of the 
motor median nerve was 27 m/s 
(range, 6 to 58 m/s) in the group of pa- 
tients who improved, and 44 m/s 
(range, 11 to 61 m/s) in patients with- 
out improvement. The mean cere- 
brospinal fluid protein level was 1.08 
g/L (range, 0.35 to 3.41 g/L) in the 
group with improvement, and 1.10 g/L 
(range, 0.33 to 3.44 g/L) in the group 
without improvement. The mean num- 
ber of cells in the cerebrospinal fluid in 
both groups was 5 X 10°/L, the range 
in the group with improvement varied 
between 0 and 20 X 10°/L, in the group 
without improvement it varied be- 
tween 0 and 27 x.10°/L. 


Factors Associated 
With improvement 


Table 2 shows that five factors were 
significantly associated with improve- 
ment as follows: disease duration of 
less than 1 year, progression of weak- 
ness until approximately 4 weeks be- 
fore onset of treatment, absence of 
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Table 2.—Clinical and Laboratory Characteristics Associated With improvement After 
intravenous Immunoglobulin (ig) Treatment in 52 Patients With CIDP* 


Yes {n = 32), 


Descriptor 


Improved After Intravenous Ig 
pramenem e, 


No. (%) 


No {n = 29), 
No. (%) 





o| Sex 
“Male 


20 (62) 


13 (65) 





Female 


12 (38) 


7 (35) 





Age <50 y 


12 (38) 


11 (55) 





Disease duration <1 y 


28 (88) 


8 (40) 





Progression of weakness until 
<= 4 wk before onset of treatment 


32 (100) 


14 (70) 





Remitting course 


6 (19) 


3 (15) 





Absence of asymmetric weakness 


30 (94) 


16 (80) 





Absence of discrepancy weakness 
between arms and legs 


30 (94) 


8 (40) 





Areflexia, arms 


27 (84) 


6 (30) 





` Areflexia, legs 


28 (88) 


14 (70) 





Nerve conduction velocity in motor 
“median nerve <80% of normal 


27 (84) 


8 (40) 





Cerebrospinal fluid protein level 
>0.50 g/L 


30 (94) 


18 (90) 





Cerebrospinal fluid cells <10.10°/L 


27 (84) 





19 (95) 


* CIDP indicates chronic inflammatory demyelinating polyneuropathy; NS, not significant. 


+tFisher's Exact Test; two-sided. 





Factor 





Table 3,—Logistic Regression Model for Chance of improvement After Intravenous 
Immunoglobulin (ig) Treatment * 





Odds Logistic 


Ratio Coefficient P 








Absence of discrepancy in weakness between arms and legs 






Disease duration <1 y 
“Areflexia, arms 
















of “Nerve conduction velocity in motor median nerve <80% of normal (d) 








“Probability of responding to intravenous |g if factors a, b, c, and d are all present = 1/(1 + e°) = 0.93. 
y= C, + ©, +C, +C. +C = 2.556. C, = constant term = —3.780. C,..4 are the logistic coefficients of 


factors a, b, c, and d. 


discrepancy in weakness between 
arms and legs, areflexia of the arms, 
and slowed NCV of the motor median 
nerve over the forearm. 
Since the factor “progression of 
weakness until onset of treatment” 
was required for improvement, we ex- 
. eluded this factor from further analy- 
< Sis, 
|) Using logistic regression, the other 
_ four factors significantly associated 
with improvement were analyzed and 
the predictive value of these factors 
combined was calculated (Table 3). 
‘This. table shows that if the factors 
absence of discrepancy in weakness 
between arms and legs, disease dura- 
tion less than 1 year, areflexia of the 
arms, and slowed NCV over the motor 
median nerve are present, the esti- 
mated probability of improvement is 
93% . If none of these factors is present, 
the estimated probability is 2%. 
The first two factors are the stron- 
k gest predictive factors, but the last one 
“slowed motor median NCV” still has 
-a clinically relevant contribution to 
he probability of improvement, since 
the odds ratio is 3.284. 
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Patients 
Without Improvement 


Twenty (38%) of 52 patients with 
CIDP did not improve after intrave- 
nous Ig treatment. Fifteen of these 20 
patients were treated with prednisone, 
and five improved. After tapering off 
prednisone, one of these five patients 
was treated with azathioprine, which 
was followed by improvement. Five 
patients were not treated with pred- 
nisone; one patient showed a slow 
spontaneous improvement without 
further treatment, and the four other 
patients were not treated with pred- 
nisone because side effects were 
feared. One of the two patients with 
short-lasting improvement after 
treatment with intravenous Ig had a 
favorable response to prednisone. The 
second patient did not respond to 
treatment with prednisone, azathio- 
prine,-or cyclophosphamide. This pa- 
tient improved after plasma exchange 
and treatment with cyclosporine A. 
After 3 years, this patient is in Rankin 
scale three. 

We reviewed the case records and 


the follow-up information of the 20 
patients who had not improved after 
intravenous Ig, and tried to find a 
diagnosis other than CIDP. Two pa- 
tients might have a polyneuropathy of 
the type as described by McLeod et al,” 
and one patient might have vasculitis 
limited to the peripheral nervous 
system.” In two patients the polyneu- 
ropathy was associated with mild dia- 
betes mellitus and in one patient with 
alcohol abuse. Three patients had a 
polyneuropathy that could have been 
initially a neuropathy as described by 
Pestronk et al”; in the serum samples 
of these three patients high titers of 
anti-GM, antibodies were demon- 
strated. In one patient a hereditary 
polyneuropathy was likely. In the 10 
other patients, no diagnosis could be 
established other than CIDP. 


COMMENT 


This study shows that 38% of pa- 
tients judged to have a CIDP did not 
improve after treatment with intrave- 
nous Ig. A further 4% had a short- 
lasting improvement and subsequent 
infusions had no effect. A complete re- 
mission was reached by 17% of pa- 
tients, which might have been caused 


by treatment, but spontaneous remis- . 


sions do occur and some patients may 
have had a Guillain-Barré syndrome- 
like course even after progression of 
more than 8 weeks. Especially in this 
group of patients it is difficult to decide 
whether or not these patients had re- 
sponded to treatment. A beneficial 
treatment response is more likely in 
the patients (40% ) who improved after 
treatment with intravenous Ig, and 
who needed intermittent infusions to 
maintain the improved condition. 
Intravenous Ig treatment was not 
accompanied by serious side effects. 
None of the patients developed hepati- 
tis. In 10 patients who had been treated 
at regular intervals for at least 2 years, 
human immunodeficiency virus anti- 
bodies could not be demonstrated. 
One of the major advantages of 
treatment with intravenous Ig in com- 
parison with prednisone is that im- 
provement begins immediately. This is 
clearly demonstrated when we com- 
pare our results with that of a study in 
60 patients” treated with 100 mg of 
prednisone daily for 2 to 4 weeks, fol- 
lowed by an alternate-day single dose 
of 100 mg until the clinical improve-: 


ment reached a plateau phase. In that 


study the mean time for initial im- 
provement was 1.9 months (mean time 
after treatment with intravenous Ig 
only 5 days), and the mean time to 
reach a clinical plateau was 6.6 months 
(after Ig only 5 weeks). 

To maintain the improved condition, 
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40% of the patients needed intermit- 
tent intravenous Ig infusions every 
other week. We tried various schedules 
of reduction of the intravenous Ig dos- 
age. We had more favorable results 
with tapering off the infusion dosage 
than with increasing the interval be- 
tween the infusions. In nine of 21 
patients, the dosage could be reduced 
to 0.25 g of intravenous Ig per kilogram 
of body weight every other week. Main- 
tenance treatment with intravenous Ig 
is expensive. This treatment has to be 
compared with plasma exchange and 
to prednisone, which is the standard 
treatment in CIDP. There is no study 
that shows what the maintenance dos- 
age of prednisone usually is and what 
the side effects are of long-term pred- 
nisone treatment in CIDP. It is rea- 
sonable to assume that the side effects 
of prednisone treatment in myasthe- 
nia gravis are not much different from 
CIDP. It has been estimated that ap- 
proximately 25% of patients with my- 
asthenia gravis develop serious side 
effects within 4 years of treatment 
with prednisone.* Prolonged plasma 
exchange has not been associated with 
any complications except anemia,” is 
about as expensive as intravenous Ig 
treatment, but is inconvenient for the 
patient. 

Chronic inflammatory demyelinat- 
ing polyneuropathy, according to the 
criteria outlined by Dyck et al," is dif- 
ficult to distinguish from some other 


1. Dyck PJ, O’Brien PC, Oviatt KF, et al. Pred- 
nisone improves chronic inflammatory demyeli- 
nating polyradiculoneuropathy more than no 
treatment. Ann Neurol. 1982;11:136-141. 

2. Dyck PJ, Daube J, O’Brien P, et al. Plasma 
exchange in chronic inflammatory demyelinating 
polyradiculoneuropathy. N Engl J Med. 1986;314: 
461-465. 

3. Pentland B, Adams GGW, Mawdsley C. 
Chronic idiopathic polyneuropathy treated with 
azathioprine. J Neurol Neurosurg Psychiatry. 
1982;45:866-869. 

4. Dalakas MC, Engel WK. Chronic relapsing 
(dysimmune) polyneuropathy: pathogenesis and 
treatment. Ann Neurol. 1981;9(supp]):134-145. 

5. Fowler H, Vulpe M, Marks G, Egolf C, Dau 
PC. Recovery from chronic progressive polyneur- 
opathy after treatment with plasma exchange 
and cyclophosphamide. Lancet. 1979;2:1193. 

6. Kolkin S, Nahman NS, Mendell JR. Chronic 
nephrotoxicity complicating cyclosporine treat- 
ment of chronic inflammatory demyelinating 
polyradiculoneuropathy. Ann Neurol. 1986;20:146. 

7. Tindall RSA, Hall K, Rollins JA. Cyclospo- 
rine in the treatment of chronic inflammatory de- 
myelinating polyneuropathy: a pilot study in ste- 
roid dependent or steroid resistant patients. Im- 
munointervention in autoimmune diseases, Paris, 
France, June 1988. Workshop 19 (demyelinating 
diseases). 

8. Jongen PJH, Joosten EMG, Gabreels-Festen 
AWM. Alternating cyclosporine and high dose 
prednisone therapy in chronie inflammatory de- 
myelinating polyradiculoneuropathy (CIDP) not 
responding to conventional long term immuno- 


220 Arch Neurol— Voi 48, February 1991 


neuropathies. The first neuropathy to 
consider has been described by McLeod 
et al.® This neuropathy is a slowly 
progressive axonal degeneration of un- 
determined cause. The characteristic 
history is that of a gradual onset of 
numbness, tingling, coldness, or burn- 
ing sensation in the feet and hands, 
weakness of the legs, and, less com- 
monly, weakness of the hands. Neuro- 
logical examination may demonstrate 
distal muscle wasting and weakness in 
the lower limbs that may be quite pro- 
nounced. In McLeod and coworkers’ 
series of patients, one third had are- 
flexia of the legs, but total areflexia 
was less common. The cerebrospinal 
fluid protein level was often slightly 
elevated and the NCVs were slightly 
reduced and sometimes reached values 
that suggested a demyelinating neur- 
opathy. If these patients are seen late 
in the course of the disease, distinction 
from CIDP may be difficult. 

A second neuropathy that may be 
difficult to distinguish from CIDP is 
the nonsystemic vasculitic neuro- 
pathy.” The course in these patients 
may be stepwise progressive and 
thereafter static for a time. These pa- 
tients may have severely affected legs 
and no or slight involvement of the 
arms. 

Finally, CIDP may be confused with 
multifocal motor neuropathy. In the 
patients described by Pestronk et al,” 
asymmetrical weakness developed in 
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Posttraumatic Torticollis 


o : “Daniel D. Truong, MD; Richard Dubinsky, MD; Neal Hermanowicz, MD; 
Walter L. Olson, MD; Bruce Silverman, DO; William C. Koller, MD, PhD 


@ We report six cases of torticollis pre- 
cipitated by neck trauma. The dystonia 
began 1 to 4 days after the trauma and dif- 
fered clinically from idiopathic torticollis 
by marked limitation of range of motion, 
lack of improvement after sleep (‘‘honey- 
moon period’’), and absence of geste an- 
tagonistique. Worsening with action was 
ot present; nor was there improvement 
vith support as seen with idiopathic tor- 
icollis. Onset of pain immediately after 


the trauma and marked spasms of the 


a paracervical muscles were other predom- 
inant features. Anticholinergic therapy 
was without benefit; however, some im- 
provement occurred with botulinum toxin 
injection. It is concluded that torticollis 
can be caused by peripheral trauma and 
that it has unique clinical characteristics. 

(Arch Neurol. 1991;48:22 1-223) 


'Torticoltis is a focal dystonia charac- 
™ terized by twisting contraction of 
“the neck. muscles, resulting in forced 
_ turning of the head. An etiologic factor 
ean rarely be identified for most cases 


-of focal dystonia, although many sec- 


“ondary causes have been described.' 
‘Trauma, either to the basal ganglia 
-.-gtructures’ or peripherally to somatic 
regions, has been proposed as a cause 
of dystonia.’* We report cases of tor- 
ticollis that abruptly followed trauma 
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to the neck, and describe the resultant 
clinical features. 


REPORT OF CASES 


Case 1.—A 39-year-old man was injured 
by a blow to the right side of his neck with 
a steel plate without injury to his head or 
loss of consciousness. He continued his 
work despite the severe pain in his neck, 
shoulder, and throat. On awakening the 
next morning, his head turned to the right. 
He was thought to have a whiplash injury 
producing a temporary “wryneck.” How- 
ever, the disorder persisted without im- 
provement. For 6 months he received diaz- 
epam, which did not provide relief. Cervical 
roentgenograms, including odontoid views, 
were normal. A myelogram showed pro- 
truding disks at the C-4-C-5 and C-5-C-6 
levels, and the patient underwent laminec- 
tomy and arthrodesis. The procedure, how- 
ever, was without benefit. Subsequent trials 
of anticholinergic drugs and other medica- 
tions were ineffective. 

When examined 4 years after the acci- 
dent, the patient presented the same fea- 
tures of torticollis that had developed the 
day after his injury. His chin turned to the 
right, with his head tilted to the left and 
shifted anteriorly; his left shoulder was el- 
evated. Torticollis was present with or 
without head support; it worsened during 
standing and walking. The constant devia- 
tion of the patient’s head did not allow 
movement past the midline, and he could 
not touch his right shoulder with his chin. 
There was severe pain in the region of the 
hypertrophic neck muscles that were in- 
volved in the turned neck posture (primari- 
ly, the right splenus capitis and the left 
sternocleidomastoid). The patient had not 
found any maneuvers or tricks to lessen the 
severity of the torticollis, nor was there re- 
lief when he rested his head against the 
wall. The neck posture returned to normal 
during sleep. On awakening each morning, 
he also reported a period of approximately 
20 minutes when his torticollis was less se- 
vere. 
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The findings of the remainder of his neu- 
rologic examination were normal. Treat- 
ment with botulinum toxin led to marked 
improvement of neck posture, muscle hy- 
pertrophy, and pain. 

Case 2.—A 47-year-old man was carrying ~ 
a long 45-kg (100-lb) bar, when he lost his 
grip and tried to catch it with his right 
hand. He heard a “pop” and “crack” from . 
the left side of his neck and shoulder and: 
felt immediate pain in the upper part of his 
shoulder and the lateral aspect of his neck, 
with numbness throughout his left arm. 
The next day he awoke with his head pull- 
ing toward the right. The right splenius ` 
capitis, right upper trapezius, right sterno- 
cleidomastoid, and left scalene muscles con- 
tributed prominently to the pulling of his 
neck. He was unable to turn more than 30° 
to either the right or the left. He had not... 
found any trick maneuvers to lessen the 
torticollis. His condition did not improve ©. 
during sleep. His only other neurologic ab- 
normality was a preexisting horizontal 
diplopia. 

When the patient was seated, there was 
a tendency for his head to pull to the right, 
with his chin slightly elevated. Intermit- 


tently, there were tonic contractions lasting *. 


several seconds, which involved the left: 
platysma, the right and left sternocleido- 
mastoid, and the left trapezius muscles. < 
Otherwise, the findings of the rest of his: 

neurologic examination were normal. Cer- 
vical roentgenograms, including odontoid. 
views; a computed tomographic (CT) sean of 
the head; -and a cervical myelogram were 


normal. The ‘patient was started on a course: ~ 


of trihexyphenidyl hydrochloride, without 
improvement. He declined further treat- 
ment. 
Case 3.—A 27-year-old woman fell, strik- 
ing her head and neck against the open door. 
of a dishwasher. There was no loss of con- 
sciousness. The patient experienced imme- 


diate pain and muscle spasm. Her neck: 


started to pull to the right within 2 days of 
the accident. Cervical roentgenograms and. 
a CT scan of the patient’s head and neck 
were normal. On examination 10 months: 
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after the accident, she had pure laterocollis 
to the right, with her head tilted 40° from 
the midline and marked elevation of her 
right shoulder. She was unable to move her 
head out of this position by more than 10°. 
She turned en bloc. There was no “honey- 
moon period” in the morning. According to 
her mother, the condition persisted during 
sleep. The patient has not found any tricks 
that would alleviate her laterocollis. Elec- 
tromyography showed continuous cocon- 
traction of the right sternocleidomastoid, 
right scalenus medius, and right trapezius 
muscles. No cocontraction was noted in the 
corresponding left-sided muscles. Treat- 
ment with trihexyphenidy! and clonazepam 
was ineffective. Botulinum toxin injection 
into the above-mentioned muscles resulted 
in mild improvement. 

Cast 4.—At the age of 19 years, the 
patient ran into a partially opened garage 
door with enough force to knock himself 3 
m (10 ft) backward. He “saw stars” but did 
. not lose consciousness. He had neck pain 


- immediately after the accident. That same 


day, he developed torticollis to the right, 
with his head tilted to the left. He did not 
have nausea, dizziness, or vomiting after 
< the accident. Cervical spine roentgeno- 
grams, including odontoid views; skull 
roentgenograms and a pneumoencephalo- 
‘gram were normal, A CT scan of the head 
performed 35 years later was also normal. 
A multilevel posterior cervical rhizotomy 
performed in 1985 resulted in partial, tem- 
` porary relief. The patient has not had any 
benefit from anticholinergic medications or 
clonazepam. Examination 38 years after 
the accident revealed torticollis with tor- 
sion to the right at 30°, tilting of the head 
to the left at 35 degrees, and moderately se- 
vere left shoulder elevation. Deviation oc- 
curred constantly. There were no trick 
movements that would alleviate the tor- 
< ticollis. His range of motion was limited to 
_ within 15° of the primary head position. He 
denied any honeymoon effect in the morn- 
ing. He turned his body en bloe, with little 
mobility of the neck. According to his wife, 
his neck improved during sleep. Electro- 
myographic studies revealed continuous co- 
contraction of the left sternocleidomastoid, 
left scalenus medius, left levator scapulae, 
left trapezius, left deep retrocollis, and bi- 
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Anti- 
Patient Onset of Improve Range Action- improve MRI, cholin- 
No./Age, Family Onset Torticollis, ‘Honeymoon With of induced With CT, and ergic 
y/Sex History of Pain d Effect” Sleep Motion Worsening Rest Myelography Effect RSD 
1/39/M No Immediate 1 Yes Yes En bloc Yes No Herniated No No 
disk at 
C-4-C-5, 
condition 
persisted 
postoperatively 
2/47/M No immediate 1 No No En bloc Yes No Normal No No 
3/27/F No Immediate 2 No No En bloc No No Normal No No 
4/19/M No Immediate 1 No Yes En bloc No No Normal No No 
§/28/F No immediate 4 No No En bloc No No Normal No No 
6/48/F No immediate 1 No No En bloc No No Stenosis No Yes 
at C-5-C-6 
2 y later 


* MAI indicates magnetic resonance imaging; CT, computed tomography; and RSD, reflex sympathetic dystrophy. 


lateral splenus capiti muscles. Botulin in- 
jection into the above-mentioned muscles 
resulted in moderate improvement. 

Case 5.—A 28-year-old woman was in- 
volved in two car accidents. In the first ac- 
cident, her car was hit from the back as she 
was about to turn left. She heard a “snap” 
in her neck. She had the feeling of a stiff 
neck. At the emergency department, noth- 
ing was found in the cervical roentgeno- 
grams, and the patient was treated with 
cyclobenzaprine hydrochloride as well as a 
cervical collar. On the way home, her car 
struck the back of a van that pulled in front 
of her. She was seen again in the emergency 
department, and a second series of cervical 
roentgenograms did not demonstrate any 
abnormality. Because of her medication, 
the patient was drowsy for the first 3 days. 
On the fourth day, she noticed some pulling 
in the left side of her neek, and the previous 
stiffness increased. When examined by us, 
her neck was pulled fully to the left. She was 
unable to move her neck from this position. 
She would turn her body en bloc when she 
needed to turn to either side. She was not 
aware of any trick that would straighten 
her neck. She denied any honeymoon period 
in the morning. She also had pain in her left 
shoulder. Holding her head in a lateral po- 
sition decreased her pain. Her laterocollis 
persisted during sleep. There was marked 
cocontraction of the left sternocleidomas- 
toid and left scalenus medius muscles. Cer- 
vical spine roentgenograms, including 
odontoid views and those obtained during 
extension and flexion, odontoid view and CT 
scans of the spine did not reveal any abnor- 
mality. Botulinum toxin injection into the 
left sternocleidomastoid and scalenus me- 
dius muscles resulted in moderate improve- 
ment. 

CASE 6.—A 48-year-old woman developed 
torticollis after an accident in which she hit 
the top of her head against the roof of her 
car. Pain in her neck developed 1 day after 
the accident. This area became increasingly 
painful, and the patient had increasing dif- 
ficulty in turning her neck from side to side. 
She did not have any tricks that would al- 
leviate her torticollis. A bone scan, a mag- 
netic resonance imaging scan, and a roent- 
genogram of the cervical spine obtained 
shortly after the accident were normal. 














Another magnetic resonance imaging sean 
performed 2 years later showed a stenosis 
at the C-5-C-6 level. The patient developed 
pain in her right arm; the pain started from 
the middle of the back of her head and ra- 
diated to the fourth and fifth fingers. She 
described a feeling of tingling, numbness, 
and coldness in her right hand. She felt 
coldness in her left foot. The findings of 
electromyography performed a few months 
after the accident were normal. The patient 
was hospitalized twice for excessive pain. A 
cervical myelogram obtained 1 year after 
the accident showed extensive degenerative 
arthritis throughout the neck and lumbar 
spine, with mild encroachment of the sub- 
arachnoid space and flattening of the spinal 
cord. Cervical CT showed narrowing of the 
anteroposterior diameter of the spinal ca- 
nal at the C-5-C-6 level. The patient’s med- 
ical history was remarkable for hypothy- 
roidism and an L-4~L-5 disk operation 10 
years previously. Neurologic examination 
revealed weakness of flexion and extension 
of the lower part of the left leg and the left 
ankle. The right shoulder, right arm, and 
left leg were cold and slightly cyanotic. 
Deep tendon reflexes were brisk bilaterally 
but more pronounced in the lower part of 
the left leg. Toes were down going. Pinprick 
sensation was decreased in the lower part of 
the left leg. Pronator drift was observed in 
the right arm. The patient’s head tilted 
forward and to the left, and her chin was 
pointed to the right. Range of motion, which 
was decreased to 30° on each side, did not 
improve with lying down. The condition 
persisted during sleep. There was mild 
prominence of the right splenus capitis and 
left sternocleidomastoid muscles, The diag- 
nosis of posttraumatic torticollis, cervical 
stenosis, and reflex. sympathetie dystrophy 
was made. Anticholinergic medication had 
no benefit. However, treatment with botu- 
linum toxin was helpful. 


COMMENT 


Suchowersky and Calne‘ described a 
case of torticollis following trauma to 


the neck. The patient involved devel- 


oped torticollis 2 weeks after the ini- 
tial event owing to atlantoaxial dislo- 
cation. None of our patients had sub- 
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luxation as evidenced by cervical spine 
roentgenograms, including odontoid 
views, or by cervical CT. Brin et al? 
mentioned four patients with neck and 
“shoulder injury who developed tor- 


- ticollis 12 hours to 8 weeks after the 


injury, and suggested that dystonia 
_ “precipitated by peripheral injury may 


represent the clinical response to sen- 


“sory perturbation on the extrapyrami- 


dal motor pathways via axonal sprout- 
ing. Jankovic and Van der Linden‘ de- 
scribed 17 patients with peripheral 
trauma prior to the onset of dystonia; 
one of them had torticollis. The pre- 


-ceding injuries occurred 1 day to 10 


“months before the onset of the dysto- 


nia, Sheehy and Marsden’ noted that 
three cases in their series of 60 pa- 


tients had a traumatic preceding 
event. They did not report the time re- 


lationship between the injuries and 
the occurrence of torticollis. In our pa- 
tients, the torticollis began within 1 to 
4 days of the traumatic events. The 
immediate onset of pain after the 
trauma and preceding the torticollis is 
of interest. Our cases did not reveal 
any pathology, despite intensive diag- 
nostic studies. All patients were 


s healthy prior to the incidents. Three 


-patients heard cracking in their necks 


at the moment of the injuries. Fur- 
thermore, in contrast to previous re- 
ports, there was no history of familial 








neurologic disorders in our cases. In 
idiopathic torticollis, there is cocon- 
traction of synergistic muscles, such as 
the sternocleidomastoid and the con- 


1. Calne DB, Lang AE. Secondary dystonia. In: 
Fahn S, Marsden CD, Calne D, eds. Dystonia 2. 
New York, NY: Raven Press; 1988:9-33. 

2. Brett EM, Hoare RD. Progressive hemi-dys- 
„tonia due to focal basal ganglia lesion after mild 
head trauma. J Neurol Neurosurg Psychiatry. 
1981;44:460. 
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tralateral splenus capitis, resulting in 
twisting of the head. Patients with 
idiopathic torticollis are generally 
able to turn their heads easily in the 
same direction of the dystonic posture, 
although turning to the opposite side 
may be difficult. In our six cases, there 
was marked decrease in range of mo- 
tion, and the patients were unable to 
turn their heads to either side. This 
relative fixation of the neck maybe a 
diagnostic clue for trauma-induced 
torticollis (Table). Although not re- 
ported by Suchowersky and Calne, 
this fixation was also seen in their pa- 
tient (O. Suchowersky, MD, oral com- 
munication, November 1989). This 
diagnostic clue, however, has also been 
seen by one of us (D.D.T.) in psy- 
chogenic torticollis. | Psychogenic 
movement disorders often betray 
themselves through frequent change 
of symptoms, inconsistency over time, 
or incongruency with the classical 
dystonia.’ In contrast, in our patients, 
the symptoms were unchanged and 
consistent over time. Another diagnos- 
tic clue is the report by four of our six 
patients that their torticollis persisted 
during sleep, in contrast to idiopathic 
torticollis, which often disappears. 
The clinical picture also differed from 
idiopathic torticollis in that a honey- 
moon period was not seen in our pa- 
tients. Although this is not always 
present, patients with idiopathic tor- 
ticollis frequently have a short episode 
of improvement each morning on 
awakening. The majority of our pa- 
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tients with trauma-induced torticollis 
did not improve with rest or support. 
But they also did not worsen with ac- 
tion, as is seen with idiopathic torticol- 
lis. The above-mentioned features may 
favor the classification of “nondys- 
tonic” torticollis in our patients. None 
of them responded to anticholinergics. 
Owing to the short follow-up of our 
cases (except cases 1 and 4), no state- 
ment can be made about remission. 
Jankovic and Van der Linden’ ana- 
lyzed 17 patients with dystonia occur- © 
ring after trauma. Possible predispos- 
ing factors include exposure to neuro- 
leptics, personal and family history of 
dystonia, essential tremor, prematu-.: 
rity, or developmental delay.’ These 
predisposing factors were lacking in 
our cases, which may imply direct ef- 
fect of the peripheral trauma. As with 
other acquired disorders, an aggres- 
sive search for cause should be initi- 
ated. In conclusion, the clinical picture 
of torticollis induced by peripheral 
trauma can be differentiated from its 
dystonic counterpart by the following 
features: decreased range of neck mo- 
tions; persistence during sleep and 
head support; symptoms unchanged 
with action; and lack of family history, 
honeymoon period, and geste antago- 
nistique. 
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FD&C Red No 40 (200-mg tablets oniy), favoring (chewable tablets only). gelatin 
Glycerin, magnesium stearate. sodium starch glycolate (chewable tablets only). starch 
Stearic acid, and sucrose (chewable tablets only). 


CLINICAL PHARMACOLOGY 
in controtied clinical tats. Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuraigia 

it nas demonstrated anticonvulsant properties in rats and mice with electncaily and 
chemically induced seizures. it appears to act by reducing polysynaptic responses and 
locking the post-tetanic potentiation Tegretot greatly reduces or abolishes pain induced 
by stimulation of the intraorbital nerve in cats and rats 1t depresses thalamic potential and 
bulbar and polysynaptic reflexes. including the hnguomandibular retiex in cats Tegretol is 
chemically unrelated to other anticonvulsants of other drugs used to contro! the pain of 
trigemimai neuraigia The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed atter oral administration at a slower rate than a 
solunan, thus avoiding undesirably high peak concentrations. Tegretol chewable tablets 
may produce higher peak levels than the same dose given as regular tabiets Tegretol in 
diood 1s 76% bound to plasma proteins Ptasma ieveis of Tegretol are vanable and may 
range from 0 5-25 pg/ml, with no apparent reiationship to the daily intake of the drug 
Usuai adul! therapeutic levels are between 4 and 12 g/m! Following oral administration 
serum teveis peak at 4 to 5 hours The CSF/serum ratio is 0 22. simular to the 22% 
unbound Tegretol in serum Because Tegreto! may induce its own metabolism. the hait-lite 
#5 alsa vanable Initial hait-life values range trom 25-65 hours. with 12-17 hours on 
repeated doses Tegretol is metabolized in the wer After oral admimstration ot 14C-carba- 
mazeping, 72% of the adminstered fachoactrvity was found in the unne and 28% in the 
feces This urinary radioactivity was composed iargety af hydroxyiated and conjugated 
metabolites. with only 3% of unchanged Tegreto! Transplacentai passage of Tegretal is 
rapid (30 to BG minutes), and the drug is accumulated in teta! tissues. with higher ievers. 
found in hver and kidney than in bran and jungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence suppornnag 
efficacy of Tegretol as an anticonvulsant was denved trom active drug-controtled studies 
that enrolied patients with the following seizure types 
14 Partial seizures with complex symptomatology (psychomotor, temporal iode) Patents 
with these sezures appear t0 show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mali 
3 Mixed sevzute patterns which inciude the above. of other parnai or generalized 
segures 

Absence seizures (petit mal) do not appear ta de controlled by Tegretol isee PRECAU- 
TIONS. General} 
Trigeminal Neuraigia: Tegretoi :s indicated in tne treatment of the pain associated with 
true tngeminal neuralgia 

Beneficial results have aiso Deen reported in glossopharyngeal neuralgia 

Thus drug is not a simple analgesic and should not be used for the rehet of trivia! aches or 
pains 


CONTRAINDICATIONS. 

Tegreto! should not be used :n patients with a tastory of previous bone marrow depression 
hypersensitivity to the drug. or known sensitrerty to any of the tncyche compounds. such 
aS aminptyine. desipramine. imipramine. protriptyline. nortriptyiine. etc Ukewise on 
theoretical grounds its use with monoamine oxidase inhibitors :$ not recommended 
Before administration of Tegreto!, MAO inhibdors shouid be discontinued for a mimemum 
of fourteen days. of tonger if the ciimcal situation permits 


WARNINGS 
Patients with a hastory of adverse nematoiogie reaction to any drug may be particularly at 
ns 

Severe dermatologie reactions inciuding toxic epidermal necrolysis iLyelis syndrome} 
and Stevens-Johnson syndrome, have been reported with Tegreto! These reactions have 
been extrematy rare However, 2 few tatalihes have been reported 

Tegretol has shown mig anticholinergic activity. therefore. patients with increased 
intraocular pressure should be closely observed during therapy 

Because of the reiahonship of the drug te other tneyche compounds. the possibility ot 
activation of a latent psychosis and. in eiderty patients, of confusion or agitation should be 
borne n mind 


PRECAUTIONS 
General: Betore initiating therapy. a detaied nistory and physical examination shouid de 
made 

Tegretoi should be used with caution in patents with a mixed seizure disorder that 
includes atypscal absence seizures. since in these patents Tegreto! has been associated 
with increased frequency of generaized convulsions isee INDICATIONS AND USAGE; 

Therapy should be prescribed oniy after crhcal benetit-to-risk appraisal in patients with 
a history of cardiac, hepatic or renal damage. adverse hematologic reaction to other 
drugs. or interrupted courses of therapy with Tegretoi 
intormation tor Patients: Patients shouid be made aware of the eariy towe signs and 
symptoms of 2 potential hematologie probiem. such as fever. sore throat wcers in the 
mou gasy brussing. petectial or purpunc hemorrhage. and should be advised to report 
te the physician immediately if any such signs or symptoms appear 

Since duziness and drowsiness may occur patients should be cautioned about tne 
hazards of operating machinery or autemodties or engaging sn other potentially dangerous 
tasks 
Laboratery Tests: Compiete pretreatment diood counts. including piateiets and possibly 
fetrculocyles and serum iron, should be obtamed as a baseline tf a patient in the course of 
treatment extbits iow oF decreased white blood cell or platelet counts. the patient should 


be monttoreg closely Discontinuation of the drug shouid be considered if any evidence of 
significant bone marrow depression develops è 

Baseine and periodie evaluations of kver function. particularly in patients with a history 
of iver disease must be performed during treatment with thes drug since iver damage 
may occur. The drug should be discanhaued enmediately in cases of aggravated iver 
dysfunction of active liver disease 

Baseine and genodic eye examinations. including sit-lamp, funduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have bees shown to 
cause eye changes 

Baseine and periodie complete unatysis and BUN determinations are recommended 
for patents treated with this agent because ot observed renal dysfunction 

Monitoring of biood levels (see CLINICAL PHARMACOLOGY} has increased the efficacy 
ang safety of anticonvulsants. This monitoring may be particularly uselui in cases of 
dramatic merease m seizure frequency and fer verification of comphance in addition 
measurement of drug serum ieveis may avd 17 determining the cause of toxicity when more 
thas one medication is being usec 

Thyroid tunction tests have been reported to show decreased values with Tegreto! 
administered alone 

Hyponatremia has Deen reported is association with Tegretol use. ether atone or in 
combination with other drugs 
Drug interactions: The simultaneous adrmnistration of phenobarbital, phenytoin. or 
primidone. or a combinaticn ot two. produces a marked towenng of serum ieveis of 
Tegreto! The effect of valproic acid on Tegretoi biood ievels is not ciearly established. 
although an increase in the ratio of active 10. 1t-epoxide metabolite to parent compound 1s. 
a consistent Sadang 

The halt-ives of phenytoin, wartarin, doxycyciine. ang theophyihne were significantly 
Shortened when administered concurrently with Tegretol Halopendot ang vaiproie acid 
Serum ievels may be reducec when these drugs are administered with Tegretoi The doses 
of these drugs may therefore nave to be increased when Tegretoi is added to the 
therapeutic regimen 

Concomstant admmistranon of Tegreto! with erythromycin, cimetidine, propoxyphene 
isonazt oF Calum channel yiockers has been reported to result n elevated piasma ievels 
ot carbamazepine resulting in toxicity m some cases Also. concomitant administration ot 
carbamazepine and lithium may mcrease the risk of neurotoxic side effects 

Alterations of thyroid function have Deen reported in combination therapy with ether 
anticonvulsant medications 

Breakthrough bleeding has been reported among patents receiving concomitant oral 
cafitraceptives ang ther reliadilty may be adversely affected 
Carcinogenesis, Mutagenesis. impairment of Fertility: Carbamazepine. when adminis- 
tered to Sprague-Dawiey rats for two years in the diet at doses of 25. 75. and 250 
mg/kg/day. resulted in a dose-related increase in Me incidence of hepatoceliuiar tumors in 
femaies and of benign interstitial cet adenomas in the testes of maies 

Carbamazepine must. therefore. be considered to be carcinogenic in Sprague-Dawley 
rats Bactenat and mammahan mutagenicity studies using carbamazepine produced 
negative resuits The signiicance of these hndings relative to the use ot carbamazepine if 
humans i$. at present unknown 

Category C: Tegreto! has been shown to Nave adverse effects in reproduction 

Studies in rats when given orally in dosages 10-25 times me maximum human daily dosage 
of 1200 mg in rat teratotogy studies. 2 of 135 attspring showed kinked nibs at 250 mg/kg 
and 4 of 119 offspring at 60 mg/kg showed other anomalies (cleft palate, 1, talipes, } 
anophthaimos. 2) In reproduction studies in rats. nursing offspring demonstrated a iack 
of weight gain and an unkempt appearance af a maternal dosage ‘evel of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Epidemiaiogrcal 
data suggest that there may be an association between the use o! carbamazepine during 
Pregnancy ang congenital malformations. including spina bifida Tegretol shouid be used 
dunno pregnancy only if the potental benefit rustifies the potential nsk to the fetus 

Retrospective case reviews suggest that, compared with monotherapy. there may be a 
higher prevaience of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy :s recommended for pregnant women 


Only TEGRETOL. 
brand of carbamazepine. 
provides the prescribing 


flexibility of a 100-mg scored 
chewabie tablet. as well as 
a 200-mg scored tablet 





Itis important to note that articonvuisant drugs should not de discontinued in patients 
in whom the drug :s administered to prevent major seizures because af the strong 
Possibility of precipitating status epilepticus with attendant hypoxia and threat to iite In 
individua! cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose 2 serious threat to the patient. discontinuation of the 
drug may de considered prior to and during pregnancy. aithough it cannot be saig with any 
confidence that even minor seizures da not pose some hazatd to the developing embryo or 
fetus 
Labor and Detivery: The effect of Tegretoi on human iabot and delivery is unknown 
Nursing Mothers: Dunng iactation, concentration of Tegretol in milk ts approximately 60% 
of the maternai plasma concentration 

Because of the potential tor senous adverse reactions in nursing infants trom car 
bamazepine, a decision should be mace whether fo discontinue nursing or 10 discontinue 
the drug. taking into account the importance of the drug to the mother 
Podiatric Use: Satety and ettectveness in chidren below the age of 6 years have not been 
estabusned 


ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued. the physician 
Must be aware thal abrupt discontinuation of any anticonvulsant drug im a responsive 
epileptic patient may lead to seizures or even status epilepticus with ifs irte-threatening 
hazards 

‘The most severe adverse reactions have been observed sn the hemopoietic system (see 
boxed WARNING). the skin and me cardiovascular system 

The most trequently observed adverse reactions. particularly during the instal phases of 
therapy. are dizziness drowsiness. unsteadiness. nausea. and vomiting To mimmize the 
Possibility of such reactions. therapy should be imtiated at the iow dosage recommended 

The following additional adverse reactions have been reported 
Hemoparene System Aplastic anemia agranulocytosis. pancytopenia. Bone marrow 
depression. thrombocytopenia. leukopenia. leukocytosis. ecsinophitia, acute intermittent 
porphyra 
Skin Pruntic and erythematous rashes. urticana, toxic epidermal necrolysis {Lyell’s 
‘syndrome; isee WARNINGS) Stevens-Johnson syndrome isee WARNINGS} photesen- 
sitivity reactions. alterations in skin pigmentation. exfoliative dermatitis. erythema multi 
forme and nodosum. purpura. aggravation of disseminated lupus erythematosus 
alopecia. and diaphoresis in certain cases. cascontinuaton of therapy may be necessary 
Cardiovascular System Congestive heart failure edema. aggravation of hypertension 
hypotension. syncope and collapse. aggravation of coronary artery disease. arrhythmias 
ang AV block. primary thrombophlebitis. recurrence ol thrombophiebitis. and adenopathy 
of lymphadenopathy sd 

Some of these cardiovascular comphcations have resulted in fatatibes Myocardial 
infarction has deen associated with other tneyche compounds: 
Liver Abnormaibes in hyer tunchon tests cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System Puimonary nypersensitwity characterized by fever, dyspnea. pneu- 
monitis or pneumoma 
Genitourinary System Unnary trequency. acute urinary retention. ohgursa with eievated 
blood pressure. azotemia. renal failure, and impotence Aiburmenurna, glycosuria. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred m tats receiving Tegretoi orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionajy. rats recerving Tegretol in the diet tor two years 
at dosage levels of 25. 75, and 250 mg/kg/day had a dose-related incidence ot testicular 
atrophy and aspermatogenesis In dogs. i! produced 2 brownish discoloration. presum- 
ably 2 metadoite. in the urinary bladder at dosage ‘evels of 50 mg/kg and nigher 
Relevance of these findings to humans i5 unknown 
Nervous System Ouziness. drowsiness. disturbances of coordination. contusion head- 
ache. fatgue. biures vsion. visual hallucinabons transvent aplopia. oculomotor d:stur- 
bances. nystagmus. speech disturbances. abnormal involuntary movements. peripheral 
neunts and paresthesias. depression with agitation. tatkatiweness, tinnitus. and 
hyperacusis 

There have Deen reports of associated paraivsis and other symptoms of cerebral arteriai 
insufficiency. But the exact relationship of these reactions to the drug nas not been 
estabished 
Bigestve System Nausea vomiing. gastric distress and abdominal pan. diarrhea const- 
pation. anorexia. and dryness of the mouth and pharynx including giossits and stomatitis 


Eyes Scattered. punctate. cortical iens opacities. as welt as conjunctivitis nave deen 
reported Although a direct causal relationship has not been established. many phe- 
nothaznes and related drugs Nave been shown to cause eye changes 
Musculoskeletal System Aching joints end muscles. and eg cramps 
Melaboism Fever and chis inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication. with decreased serum sodium 
[hyponatremia and contusion. have been reparted in association with Tecretoi use isee 
PRECAUTIONS. Laboratory Testsi 
Other isolated cases of a lupus erythematasus-ike syndrome have been reported There 
have been occasional reports of elevaied ‘eveis of cholesterol. HOL choiestero! and 
Ingiycences i patents taking anticonvu'sants 

A case of aseptic meningitis, accompanied by myocionys and perphera. eosinophilia 
has been reported n a patent taking carbamazepine in combination with ather medica- 
hons The pahent was successtully decnaltenged and the meningitis reaapeared upon 
fechalienge with carbamazepine 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegreta:. nor ss thee evidence ot 
psychoiogica’ or physical dapendence wi humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known iethħai dose adults. >69 9 (39-yearoid man) Highest known doses 
survived adults. 36 g (3-year-old woman). chidren 10 g t6-year-old boy} smai! 
chidren. § g i3-year-oid git} 

Orai LOS n ammais imgrkg) mice, 1100-3750 rats, 3850-4025. rabbits. 1500-2680. 
guinea pigs 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generaily mider and severe cardiac com: 
plications occur only when very mgh doses (>60 g) have been ingested 
Respirabon ireguiat breathing. respiratory depression 
Cardiovascular System Tachycardia. hypotension of hypertension. shock. conduct: 
disorders 
Nervous System ang Muscles impairment ot consciousness ranging m seventy to deep 
cama Convulsions especaty mn small chidren Motor restiessness muscular twitching 
tremor, athetoig movements, opisthotonas. ataxia. drowsiness. dizziness, mydriasis 
nystagmus adadochoknesia ballsm. psychomotor disturbances. dysmetna inima: 
hyperrettexia. foliowed dy hyporetiexia 
Gastromtestinai iract Nausea. vomiting 
Kidneys and Bladder Anutia or oliguria, urinary retention 
Laboratory Findings isolated instances of overdosage nave included leukocytosis re- 
duced ieukocyte count. giycosuna and acetonuna EEG may show dysrhythmias 
Combined Porsoning When aicohòi, trcychc antidepressants barbiturates o” hydantomns 
are taken at the same time. the signs and symptoms of acute porsoatng with Tegretol may 
de aggravated of modited 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon promp: elimination 
of the drug. which may be achieved by inducing vomiting irrigating the stomach and dy 
taking appropnate steps to diminish absorption if these measures cannot be implemented 
without (isk on the spot, the patient shouid be transferred at once to a hospital. while 
ensuring that vital functions are safeguarded There ss no specific antidote 
Eimination of the Drug industen ot vorvting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly imngated. especially # the patient has aiso 
consumed alcoho! 
Measures to Reduce Absorption Activated charcoal. ‘axatives 
Measures to Acceterate Eimmation Forced diuresis 

Dialysis 15 indicated oniy in severe porsoring associated with renal tature Raplacement 
transtusion ss indicated in severe poisoning in small children 
Respiratory Depression Keep the airways free: resort, it necessary, to endotracheal 
intubation. artiscral respiration. and administration of oxygen 
Hypotension Shock Keep the patient's legs raised and admrun:ster a plasma expander it 
diood pressure tais to nse despite Measures taken to increase plasma volume use ct 
vasoactive substances should be considered 
Convuisions Diazepam or barbiturates 
Warning Diazepam or bartiterates may aggravate respiratory depression lespecialiy in 
children}, nypotension. and coma However barbiturates shouid not be used 1 drugs that 
intibit monoamine oxidase have also been taken by the pahent ether in overdosage or in 
recent therapy (within one wean} 
Survediance Respiration. cardiac tuncuon ECG monttoring). blood pressure body rem- 
perature. pupillary retiexes. end kidney and biadder function should be morutored for 
several days 
Treatment of Blood Count Abnormalities 1t evidence of signihcant bone marrow depres. 
ston develops. the following recammendations are suggested (1) stop the drug (2) 
pertorm daily CBC. piatelet and reticulocyte counts. (3) do 2 bone marrow asp ration and 
trephine mopsy immediately and repeat with sutticient trequency to manitor recovery 

Special periodic studies might be helpful as foliows (1) white cell and plateiet ante 
bodies. {2} 59Fe—ferrokinetic studies. (3) perpherat blood celi typing, (4) cytogenetic 
Studies on marrow and peripnera: blood (5) Done martow culture studies tor colony- 
forming units (6) hemoglobin electrophoresis for Ap and F hemoglobin, and {7} serum 
tohc acid and B4 levels 

A fully developed aplastic anemua will require apprapnate intensive monitoring and 
therapy, for which specabzed consultation should be sought 


DOSAGE AND ADMINISTRATION 

Monitoring ot biond ‘evels has increased the etticacy and satety of anticanvyigants (see 
PRECAUTIONS. Laboratory Tests) Dosage stouid be adjusted to the needs of the individ. 
ual paten! A low initiat daily dosage with a gradual increase 1s advised As soon as 
adequate controi is achieved. the dosage may be reduced very gradually to the minimum 
effective level Tablets should be taken with meats 

Epilepsy (see INDICATIONS AND USAGE) 

Adults and children over 12 years of age—initial: 200 mg bs d increase at weekly 
intervals by adding up to 200 mg per day using ats d oraid regimen unti the best 
response is obtained Dosage sould generally not exceed 1006 mg daily in chui¢ren 12 to 
1S years of age and 1200 mg daity m patients above 15 years of age Doses up to 1600 mg 
daily have been used if aduits m rare instances Maintenance: Adjust dosage to the 
minimum effective levei. usuaity BOD. 1200 mg dary 

Children 8-12 years of age—Indtial: 100 mgd d increase at weekly intervals Dy adging 
100 mg per day usinga tı € orgs d regimen unti the best response is obtainet Dosage 
should generaliy not exceed 1000 mg Maintenance: Adjust dosage to the mimmum 
effective level. usuaity 400-800 mg 
Combination Therapy: Tegretol may de used alone ot with other anticonvulsants When 
added to existing anticonvulsant therapy, the d-ug should be added gradually while me other 
anticonvulsants ate manntained of graduaily decreased except phenytoin, which nay have 
to be increased isee PRECAUTIONS. Drug interactians and Pregnancy Category Ci 
Trigeminal Neuralgia isee INDICATIONS AND USAGE) 

initial: 100 mg d 1.6 on the first day for a total daily dase of 200 mg This daily cose may 
be increased Dy up te 206 mg a day using increments of 100 mg every 12 hours only as 
needed to acheve freedom trom pain. Do nat exceed 1200 mg daity 

Maintenance: Control of pain cen be mamtaised in most patents with 400 mg 1e 800 mg 
daty However. some patients may be masntamed on as ittie as 200 mg daily. white others 
may require as much as 1200 mig daily At ieast once every 3 months throughout the 
treatment period. attempts should be made to reduce the dose to the minimum effective 
level or even tc discontinue the drug 


HOW SUPPLIED 
Chewable Tablets 100 mg—round. red-speck:ed. pink, singie-scored imprinted Tegreto’ 
on one side and 52 twice on the scored side} 











Botties of 100 NDC 0028-2052-01 
Umt Dose (bister pack) 

Box ot 100 

istrips of 105 NOC 0028-0052-61 


Tablets 200 mg—capsvie-shaped. pink, singie-scored [imprinted Tegretol oa pne side 
and 27 twice of the scored side} 

Bottles of 100 

Bottles ct 1000 
Gy-Pak*—One unit 

12 hotties — 100 tablets each 
Unt Dose (biester pack! 

Box of 100 

éstups of 10} NOC 0028-0027 -61 
Samples. when availabie. are wdentihed dy the word SAMPLE appearing on each tabier 
Protect from moisture 
Dispense in fight container (USP 
Aiso available as Tegreto! suspension 100 mg/3 mi in 480 mi hotties 


Portea in SA 


NOC 0028-0027-01 
NDC 0028-0027-10 
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P ogress Report 


emotherapy for Oligodendroglioma 


J Gregory Cairncross, MD, David R. Macdonald, MD 


ix years ago, we began to notice that 
"recurrent oligodendrogliomas, tu- 
< Mors that had regrown after one or 
-more surgeries and radiotherapy, re- 
sponded to chemotherapy. These tu- 
mors were clinically aggressive, con- 
»-trast-enhancing, histologically ana- 
plastic, and relatively pure. We 
concluded, after eight consecutive re- 
sponses (see reference 1 for response 
criteria),' that anaplastic oligodendro- 
glioma was a chemosensitive tumor.’ 
In this article, we review our experi- 
ence with chemotherapy for this un- 
common brain tumor. 

Table 1 summarizes the results of 
treatment for “first” recurrence. We 
have treated 10 patients, all have re- 
sponded; two completely and eight 

partially. Patient 1 responded to car- 
mustine (BCNU), patient 4 to diazi- 
. quone (AZQ), the others to a drug 
combination (PCV) that included pro- 
carbazine, lomustine (CCNU), and 
vincristine. (Patient 5 failed to re- 
spond to fludarabine, patient 8 to diaz- 
iquone; both responded to PCV.) The 
‘median duration of response is 15 
months (range, 8 to 36 months). All 
patients have relapsed (patients 5, 7, 
and 10 relapsed while receiving PCV; 
the others had late relapses). We think 
PCV (Table 2) is particularly effective 
chemotherapy for anaplastic oligoden- 
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Table 1.—Summary of Treatment and Response: ‘First’ Recurrence* 


Sites of 

Recurrence 
Patient Adjuvant ee 
No. Chemotherapy Brain Systemic 


Chemotherapy 


Response 

Assessment Response 
for “First? eere Duration, 
Recurrence Brain Systemic mo 





~ + + 


Carmustine PR CR 16 








PCV 18 








Diaziquone + 
Carmustine - 


CR re 
PCV PR CR 14 
Diaziquone PR 





Fludarabine PD 
PCV PR 








PCV PR 





PCV PR 





Diaziquone PD 
PCV PR 








PCV CR 





Diaziquone 


PCV 





* Prior surgery and radiotherapy. CR indicates complete response; PR, partial response; PD, progressive dis- ` 
ease; minus sign, none.or not applicable; plus sign, present; and PCV, a drug combination that includes pro- 


carbazine, lomustine (CCNU), and vincristine. 


droglioma, but other drugs or drug 
combinations may prove superior. Re- 
cently, Levin et al* reported that PCV 
is superior to carmustine in the treat- 
ment of newly diagnosed anaplastic 
glioma—a testament to its effective- 
ness for moderately aggressive glial 
tumors. 

Patients with recurrent oligoden- 
droglioma respond to chemotherapy, 


-especially PCV, but are not cured. We 


have re-treated seven patients with 
“salvage” chemotherapy. Table 3 sum- 


‘marizes the results of treatment for 


second recurrence. Diaziquone and cis- 


„platin were ineffective, but PCV and 


intravenous melphalan yielded partial 
responses. Patient 4 had a sustained 
partial response to PCV despite two 
prior chemotherapy programs; car- 
mustine adjuvantly (ie, at diagnosis) 





and diaziquone at first recurrence. Ex- 
perience with patient 4 indicates that 
some: patients with recurrent oligo- 
dendroglioma will respond to a ni- 
trosourea-based regimen (eg, PCV) 
even though treated previously with 
nitrosoureas. Extrapolating, some 
PCV responders may at relapse re- 
spond again to PCV. Inadequate bone 
marrow reserve precluded further che- 
motherapy for patient 4. Patients T: 
and 8 had brief partial responses to 
intravenously administered melpha- 
lan. Inadequate bone marrow reserve 
limited our ability to give full doses, 
and may have compromised treat- 
ment. 

In oncology, when an effective ther- 
apy for recurrent tumor is recognized; 
longer survival and some cures have 
followed aggressive treatment atdiag- 
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Drug(s) Dosage and Schedule Frequency 
Lomustine 110 mg/m? orally; day 1 

Vincristine’ 1.4 mg/m? intravenously; day 8 

Procarbazine 60 mg/m? per day orally; days 8 through 21 Every 8 wk 
Vincristine’ 1.4 mg/m? intravenously; day 29 











“Maximum dose, 2 mg. 


Table 3.— Summary of Treatment and Response: Second Recurrence * 






















































Sites of Response 
Relapse Chemotherapy Assessment Response 
Patient e_m for Second e—a Duration, 
No. Brain Systemic Recurrence Brain Systemic mo 
1 + + Diaziquone PD PD 
2 + =- RER Tia oo 
3 + + Cisplatin PD PD es 
4 + + PCV PR PR 12 
5 + ~ Cisplatin PD ; 
6 + oe Diaziquone PD M 
Cisplatin PD E rw 
7 + - Meiphalan PR oe 3 








Melphalan 





Table 2.—PCV Chemotherapy Regimen 














“PD indicates progressive disease; PR, partial response; minus sign, none, not applicable, or no response; 





plus sign, present; and PCV, a drug combination that includes procarbazine, lomustine (CCNU), and vincristine. 
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§ Complete response 34§ _ 
2 Complete response 31§ E 















includes radiotherapy. 
§Continued response. 


nosis. Encouraged by successful che- 
motherapy for recurrent oligodendro- 
glioma, we have treated three newly 
diagnosed patients with PCV prior to 
radiotherapy and again observed re- 
sponses; two complete and one partial 
(Table 4). These patients had residual 
or progressive tumor after initial 
surgery.’ This approach to initial 
treatment is feasible and effective. It 
may or may not be superior to radio- 
therapy alone or other early treatment 
strategies. Intensive initial treatment 
seems logical, but we are proceeding 
cautiously because, for oligodendro- 
glioma, there is concern that aggres- 
_ sive behavior cannot always be reli- 
ably predicted by histologic findings. 
Potentially toxic treatment may be in- 
appropriate for indolent gliomas.‘ 
Reports on small numbers of pa- 
tients from single institutions may 
overestimate the effectiveness of 
“new” treatments. Accordingly, the 
National Cancer Institute of Canada’s 
Clinical Trials Group is conducting a 
_ multicentered phase II study of “in- 
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Partial response 28§ 





* PCV indicates a drug combination that includes procarbazine, iomustine (CCNU), and vincristine. 
tFocal radiotherapy after response induction field based on preoperative computed tomographic scan. 


tensive PCV” for oligodendroglioma. 
Patients with measurable, newly diag- 
nosed or recurrent, contrast-enhanc- 
ing, relatively pure, anaplastic oligo- 
dendroglioma are eligible. This study 
will confirm, modify, or refute our 
findings and examine the pros and cons 
of a dose-escalated regimen. 

The Central Nervous System Cancer 
Consortium, led by Schold, conducted a 
phase II study of intravenously admin- 
istered melphalan for recurrent ana- 
plastic glioma and observed that pa- 
tients with oligodendroglioma were 
more likely to respond (55%) than 
those with nonoligodendroglioma 
(11% ).’ This important finding, and an 
interesting case report by Saarinen et 
al,’ are further evidence that aggres- 
sive oligodendroglioma is a chemosen- 
sitive tumor. The Consortium has ac- 
crued additional patients with oligo- 
dendroglioma to this study and will 
report a definitive analysis of intrave- 
nously administered melphalan. 

While documenting effective chemo- 
therapy for recurrent oligodendroglio- 


ma, responses to chemotherapy prior 
to radiotherapy in new patients, and 
long survival compared with other ma- 
lignant gliomas,’ we observed systemic 
metastasis (patients 1, 3, 4, and 10 ings 
this article, and three others), hith- 
erto considered a rare complication of 
oligodendroglioma. Moreover, we no- 
ticed changing patterns of spread in 
the 1980s. Multiple craniotomies fol- 
lowed by cervical lymph node metasta- 
sis characterized the early cases (eg, 
patient 1). Surgery, radiotherapy, and 
adjuvant chemotherapy followed by 
diffuse bony metastasis characterized 
the recent cases (eg, patients 3, 4, and 
10). “Frequent” systemic metastasis , 
may be related to longer survival and ~ 
changing patterns of spread to aggres- 
sive initial treatment. Both can be in- 
terpreted as signs of progress in the 
treatment of anaplastic oligodendro- 
glioma. After all, changing patterns of 
spread, including distant metastasis, 
were observed in ovarian cancer with 
the emergence of effective chemother- 
apy, aggressive multimodality treat- 
ment of the primary tumor, and longer 
survival." Last, we speculate that me- 
tastasis occurred in patients 3 and 10 
and perhaps in patient 4 because they 
received suboptimal early aggressive ‘®y 
treatment (Table 1). 

Two additional points deserve em- 
phasis. First, we have no data to sup- 
port the use of chemotherapy for indo- 
lent (ie, nonenlarging, nonenhancing, 
histologically “typical”) oligodendro- 
glioma, and second, it is our impres- 
sion that anaplastic mixed gliomas (ie, 
oligoastrocytomas) are less sensitive 
to chemotherapy and have a poorer 
prognosis.* 

Anaplastic gliomas are a heteroge- 
neous group of tumors and may differ 
in their response to cytotoxic drugs. 
Chemotherapy has had little impact on 
glioblastoma multiforme, but we are 4 
increasingly convinced that anaplastic 
oligodendroglioma is a chemosensitive 
tumor. Currently, we are reexamining 
the predictive value of histologic find- 
ings, cautiously pursuing intensive ini- 
tial treatment for newly diagnosed 
patients, and modifying our treat- 
ments for patients with recurrent oli- 
godendroglioma. 


The authors thank their colleagues in the De- 
partment of Clinical Neurolagical Sciences, Leslie 
Levin, MD, and S. Clifford Sebold, Jr, MD, for 
helpful discussions, and Pat Gray for preparing 
the manuscript. 
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Over the past 30 years, tremendous 

effort has been put into discover- 
ing effective therapy for primary brain 
tumor. For the most part, these efforts 
have concentrated on high-grade glio- 
mas. It has clearly been shown that 
these tumors are radiosensitive in 
-< gome cases. There remains great pes- 
-. simism, though, regarding these tu- 
`: mors, with many patients having little 
“response to chemotherapy at the time 
_ of recurrence. This has spurred great 


“Interest in novel drugs and new meth- 
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(Conventional experience suggests 

that high-grade gliomas do not 
respond to chemotherapy. However, 
Cairncross and Macdonald have found 
anaplastic oligodendroglioma to be 
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ods of drug delivery to try to increase 
the effectiveness of chemotherapy. 
Cairncross and Macdonald have 
made the observation that anaplastie 
oligodendrogliomas may be a subgroup 
of glioma, which, in fact, is highly 
chemosensitive. This is an extremely 
important observation for a number of 
reasons. If their observations are cor- 
rect, neuro-oncologists can point to an 
example of a high-grade glioma whose 
course can be radically changed by 
the administration of chemotherapy. 
Hopefully, this will promote further 
interest in brain tumor treatments 
and less pessimism on the part of some 
physicians and patients. In addition, it 
is of interest that these dramatic re- 
sponses were obtained using fairly 
conventional systemic chemotherapy 
rather than more toxic approaches. 


chemoresponsive. Their results are im- 
pressive, but their series is small. 
While questions remain about sub- 
types, dose, and the best chemothera- 
peutic combination, it is already clear 
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An appropriate word of warning is- 
voiced in this article, that further 
studies are needed to delineate the role 
of intensive PCV (procarbazine, lo- 
mustine, and vincristine) therapy in 
anaplastic oligodendroglioma. In addi- 
tion, the role of chemotherapy in pa- 
tients with newly diagnosed tumors 
must be explored further. Hopefully, 
the National Cancer Institute of Can- 
ada’s clinical trial involving multiple 
centers for phase II study of the use of 
vincristine in anaplastic oligodendro-- 
glioma will further define the treat- 
ment of this tumor. In conclusion, 
Cairneross and Macdonald are to be 
congratulated for their pioneering 
work in oligodendroglioma. The re- 
sults of their multicenter phase II 
study will be awaited with great antic- 
ipation. 


Are Anaplastic Oligodendrogliomas Chemosensitive? 


that at least some anaplastic oligo- 
dendrogliomas are chemosensitive.— — 
VLADIMIR HAcHINSKI, MD, DSc (MED) me 
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History of Neurology 


An Early Description 
of Slowly Progressive Aphasia 


Claudio Luzzatti, MD, Klaus Poeck, MD 


@ Slowly progressive aphasia without 
generalized dementia has become an im- 
portant issue of present-day neuropsycho- 
logical research. Historically, credit for the 
first description is usually given to Pick. 
Another German-speaking author who has 
published a vivid description of a pertinent 
case is Pick’s contemporary, Max Rosen- 
feld. This author has also observed a 
patient with slowly progressive spatial 
disorientation and visual recognition defi- 
cit, and he has discussed these patients in 
aremarkably modern way in the context of 
partial atrophy of the brain. 

(Arch Neurol. 1991;48:228-229) 


Mesulam’s seminal article on Slowly 

Progressive Aphasia Without 
Generalized Dementia’ has stimulated 
the interest of researchers working in 


- . the field of degenerative cerebral dis- 


ease. It was recognized that there 
exists similar cases presenting with 


~ progressive language disorder, but 


also with visual agnosia, spatial defi- 
cit, or apraxia.” The problem whether 
in the course of the disease process the 
patients develop other neuropsycho- 
logical impairment evolving toward 
+ generalized dementia or whether the 
syndrome remains restricted to one 
cognitive domain is still controversial. 
Pathologic information is available 
= only for very few cases, and is incon- 
clusive. Therefore, at present, it is not 
possible to attribute these cases to one 
of the standard nosological entities of 
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degenerative cerebral disease. 

Historically, it is Pick*’ who de- 
serves credit for publishing the first 
descriptions of slowly progressive cir- 
cumscribed neuropsychological symp- 
toms due to focal brain atrophy. We 
wish to draw attention to another au- 
thor, Rosenfeld,’ who has extensively 
discussed the problem of partial atro- 
phy of the brain. 

Max Rosenfeld was a German neu- 
rologist who studied medicine in 
Königsberg where, at this time, Licht- 
heim was professor of medicine. He 
continued his studies in Munich and 
Strasbourg (Alsace). He became asso- 
ciate professor at Strasbourg Univer- 
sity in 1907, where he dedicated him- 
self extensively to studies in the field of 
physiology and symptomatology of the 
cerebral hemispheres. Since 1920, he 
held the chair of Neurology and Psy- 
chiatry at Rostock University. Rosen- 
feld was a contemporary of Wernicke, 
Isserlin, Kleist, Bonnhoeffer, Alzhei- 
mer, Pick, and Goldstein. Yet he does 
not appear to have worked in close 
contact with these researchers. This 
makes the following shrewd clinical 
observations all the more remarkable. 

In an article published in 1909* 
Rosenfeld presented two particularly 
well-described cases of “partial atro- 
phy of the brain,” which he followed up 
for several years. We report on his pa- 
tient No. 1 who appears pertinent for 
the discussion of the status of slowly 
progressive aphasia. 

At the age of 62 years, the patient 
sought medical advice at the hospital 
for Nervous Diseases of Strasbourg 
University. At that time he worked as 
an insurance agent. He complained of 
weakness of mentation and stated he 
had “forgotten about 1000 words.” In 
spite of his complaints he still used to 


see people in his job. He also fre- 
quented coffee shops, played chess, and 
visited the theater. At times he tended 
to exhibit a somewhat bizarre behav- 
ior that was interpreted by Rosenfeld 


as indicating loss of intelligence. For- 


instance, he submitted petitions to the 
local administration requesting that 
the name of a street be changed or a 
bridge be constructed. 

The patient was well groomed and 
oriented to time and place. Memory for 
biographical events was intact, as were 
reading, spontaneous writing, and 
writing to dictation, copying, verbal 
comprehension, spontaneous speech, 
and repetition. He had no obvious 
memory problems and did not produce 
confabulations. 

Rosenfeld noted a striking “verbal 
amnesia” for the names of objects. In 
a naming task the patient gave the 
correct name in only seven of about 30 
items. In five instances he produced 
more or less appropriate circumlocu- 
tions, eg, glasses: I have had them fixed 
(showing his own glasses); match box: 
I always carry these to light some- 
thing; water pipe: a hole where water 
comes out; and piece of string: to tie up 
something. 

For four objects he could only indi- 
cate the material they are made of. In 
three instances he produced parapha- 


sic misnamings, eg, pencil for brush; 
citadel for purse (but he added “Ihave 


it in my pocket”); and written. docu- 
ment for pen. Naming was not facili- 
tated by tactile or by auditory cuing. 
The kind of reaction. was quite con- 
stant. Only rarely was he able to learn 
the names after repeated testing, eg, 
watch, matches, lamp, and brush. 
Rosenfeld noted that the patient re- 
membered from one examination to 
the next which objects had been shown 
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to him before. 

Asked to name fruits from memory 
he ventured only apples and “female 
‘apples” (pears). After some hesitation 

he added small peas, beans, and lentils. 
The only animal names he produced 


o - were dog and horse. Of birds he named 


“only the swallow and called a canary “a 
small yellow singing bird from Africa, 
he is my friend.” 

Summing up, this patient presented 
with a marked language disorder of 
anomic type, whereas Rosenfeld did 
not note other obvious neuropsycho- 

logical deficits. 

-. Over the following 3 years the pa- 

ent returned several times to the 

itpatient clinic, complaining of pro- 

ressive loss of words. He never had a 

cardiovascular accident. On repeated 

examination he again was fully ori- 
ented. The prominent aspect was still 
the severe “verbal amnesia.” His spon- 
taneous speech appeared impover- 
ished. Comprehension was intact. 
Reading and writing were not im- 
paired, but he did not recognize ortho- 
graphic errors in the text and could not 
remember the content of a written 
text. Memory for past events was in- 
complete with temporal mislocations. 

. Digit span was reduced to four-digit 

“numbers. He could describe pictures 
even with a latency of some minutes. 

‘However, he was unable to repeat 
short poems and stories or some iso- 
lated words. Calculation was still pos- 
sible for addition, multiplication, and 
subtraction, but not for division. 

One year later he was admitted to 
the hospital in physically poor shape. 
He died within a few days at age 66 
years, 

At autopsy there was no diffuse 
brain atrophy. However, there was 
striking atrophy of the left temporal 
lobe affecting the pole and the second 
and third temporal gyrus. In contrast, 
_ the first temporal gyrus was almost 
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spared. The left sylvian fissure was 
enlarged. There was considerable re- 
duction of the underlying white mat- 
ter. The right temporal pole was only 
slightly atrophic. No ischemic, hemor- 
rhagic, or inflammatory changes were 
noted on gross inspection or at the mi- 
croscopic level. The number of glial 
cells or glial processes was not in- 
creased. 

The most prominent finding within 
the atrophic gyri was the reduction of 
the number of neurons and nerve fi- 
bers. The structure of nerve fibers was 
not altered, neither within nor outside 
of the cells. The cortical cytoarchitec- 
ture was abolished. The number of 
nerve cells was extremely reduced. A 
well-preserved fibrillary structure was 
demonstrated in only a few cells and 
processes. Most neurons showed 
rather intact nuclei and perikarya 
filled with granular material. Many 
nerve cells were identified by their nu- 
cleus only that was surrounded by 
granular material (Pick bodies?, li- 
pofuscin?, polyglucosan or Lewy bod- 
ies?—-comment by the authors). The 
number of satellite cells was not in- 
creased. Osmium preparation did not 
show signs of presumably wallerian 
degeneration. 

Rosenfeld considered this case as a 
further example of the degenerative 
“partial atrophy of the left temporal 
lobe” originally described by Pick.’ He 
gave a succinct description of the clin- 
ical picture and the course of this dis- 
order: After an initial stage character- 
ized by slow decline of associative and 
judgment capacities (which might be 
termed abstract thinking in modern 
wording), the patients become conspic- 
uous by a mild naming disorder evolv- 
ing toward a marked amnesic aphasia 
with the prominent feature of a pro- 
found  semantic-lexical disorder. 
Rosenfeld goes on to elaborate that 
these patients are unable to produce 
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concrete nouns in a given context. At 
the same time the patients are able to 
read and repeat these same words even 
though they may not understand their 
meaning. In modern terms, they have 
a profound disruption of verbal se- 
mantics, whereas superficial opera- 
tions are preserved. These symptoms 
do not occur as the sequelae of an “ap- 
oplectic insult” but rather in slow pro- 
gression. The further course of the 
language disorder includes semantic 
paraphasias, comprehension deficit 
(Worttaubheit), and, finally, progres- 
sive breakdown of language functions. 
Rosenfeld also mentions that the pa- 
tients may develop retrograde and an- 
terograde memory deficit. 

In the same article Rosenfeld de- 
scribed a patient with progressive spa- 
tial disorientation and visual recogni- 
tion problems due to bilateral atrophy 
of the occipital lobe, in particular of 
the lingual gyrus. He discussed these 
and other cases’ in the context of a 
progressive partial atrophy of the ce- 
rebral cortex. 

Even though Rosenfeld’s article 
gives a fine early description of a case 
presenting with slowly progressive - 
aphasia, it does not address the crucial 
question of presence or absence of de- 
mentia in the final stage. The reason is 
that at the beginning of the century 
the notion of intelligence was not yet 
well defined, and embraced in the first 
place verbal skills that obviously were © 
compromised in these patients. 
Mesulam” maintains that the absence 
of histologic features specific for 
Alzheimer’s, Pick’s, and Creutzfeldt- ` 
Jakob’s disease is the pathoanatomic | 
finding that permits distinguishing 
slowly progressive aphasia from other 
degenerative diseases. Obviously, the 
older authors did not yet recognize this 
problem. 
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-Observations 


Anterior Femoral Cutaneous Nerve Injury Following 


Femoral Artery Reconstructive Surgery 


Jerry M. Belsh, MD 


@ Two cases are presented exhibiting 
symptoms and signs of bilateral anterior 
femoral cutaneous nerve injury, clinically 
sparing femoral nerve branches to the sa- 
: phenous nerve and quadriceps muscles. 
-This occurred following surgical dissec- 
tion in the femoral triangles associated 
with femoral artery reconstructive sur- 
gery. Anterior femoral cutaneous nerve 
injury should be considered when anterior 
‘medial thigh pain and numbness occur fol- 
= Jowing aortofemoral bypass graft surgery 
and other types of femoral artery recon- 
` structive surgery. 
~- (Arch Neurol. 1991;48:230-232) 


Compressive mononeuropathies of 
; the lower limbs related to surgical 
<- procedures are well known. They com- 
monly involve the femoral, sciatic, and 
-lateral femoral cutaneous nerves and, 
-more distally, the tibial, peroneal, and 
saphenous nerves. We describe two 
cases of postsurgical sensory neuropa- 
» thy that involved both anterior femor- 
al cutaneous nerves (AFCNs) but clin- 
‘ically spared the rest of both femoral 
nerve trunks. 


REPORT OF CASES 


ou Case 1.—A 48-year-old man presented 
with a3-month history of aching and numb- 
ness.in the anteromedial aspects of both 
-thighs following bilateral femoral artery 
_ bypass graft surgery. Medical history in- 
cluded: diabetes mellitus, chronic alcohol 
abuse, and two femoral artery reconstruc- 
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tive surgeries performed 3 and 4 years ear- 
lier. Neurological examination 6 months 
before the present surgery revealed a distal 
polyneuropathy without any evidence of 
femoral nerve dysfunction. 

The present bypass. surgery was 
prompted by progressive claudication and 
rest pain of the right leg and angiographic 
evidence of occlusion of the right limb of a 
previously implanted aortobifemoral graft. 
The procedure was a left-to-right femo- 
rofemoral crossover, connecting the left dis- 
tal limb of the old aortobifemoral graft to 
the right deep femoral artery. The surgery 
was uneventful, although the operative re- 
port noted abundant scar tissue in the right 
side of the groin. 

Five days after surgery the patient noted 
burning in both upper knees and an aching 
pain in both thighs anteromedially, fol- 
lowed a few days later by a dead, raw feel- 
ing in the same distribution. There was no 
difficulty walking, climbing stairs, or ex- 
tending either knee. During the ensuing 3 
months, burning around the knees and 
soreness-numbness of the anteromedial as- 
pect of the thighs persisted. Symptoms in- 
creased with sitting or lying and were un- 
affected by walking. 

Neurological examination 3 months after 
surgery revealed absent pin and cold sen- 
sation in a well-defined area of both thighs 
anteromedially, extending from 10 cm be- 
low the inguinal creases to just below both 
patellae (Figure, left). In addition, in the 
lower limbs there was a distal loss to pin, 
cold, and vibratory sensation bilaterally, 
although sensation was preserved in most 
of the saphenous nerve distribution. 
Strength and bulk of the lower limb mus- 
cles, including the quadriceps bilaterally, 
were normal. Deep tendon reflexes were 
brisk in both knees but absent in the ankles. 

Standard motor and sensory nerve con- 
duction studies (Table) were consistent 
with an axonal loss sensorimotor polyneu- 
ropathy. Metor conduction studies of both 
femoral nerves revealed normal latencies 
and amplitudes of the compound muscle 
action potentials. Needle electromyography 


(EMG) of both vastus medialis muscles was 
normal, with no signs of denervation or 
chronic neuropathy. 

Carbamazepine was prescribed, with re- 
sultant improvement in the burning sensa- 
tion. Neurological evaluation 1 year after 
surgery revealed patchy, less well-defined 
areas of diminished pin and cold sensation 
over both anteromedial thighs with some 
residual burning in those regions. 

CASE 2.--A 72-year-old man presented 
with a 5-month history of medial right 
thigh pain and numbness following bilat- 
eral aortofemoral bypass surgery. Medical 
history included mild renal failure, rheu- 
matoid arthritis of the knees, and recurrent 
leg phlebitis treated with oral warfarin so- 
dium. During evaluation for the phlebitis, a 
computed tomographic scan revealed an 
aneurysm of the infrarenal abdominal 
aorta with extension into both common il- 
iac arteries. 

The aneurysm was surgically repaired 
with placement of bilateral aortofemoral 
bypass grafts. After surgery, the. patient 
noticed a numb, dead sensation in the upper 
half of both thighs anteromedially, fol- 
lowed a week later by a persistent pain in 
the anterior right thigh. The numbness in 
the left leg improved considerably by 6 
weeks after surgery. There were never any 
complaints of leg or thigh weakness. Com- 
puted tomography of the pelvis and abdo- 
men 6 weeks after surgery showed no evi- 
dence of hematoma or mass lesion. 

Neurological examination 5 months after 
surgery revealed decreased pin and cold 
sensation limited to an oval region involv- 
ing both thighs anteromedially (right more 
than left), extending just below the in- 
guinal ligament to about 10 cm above the 
knee (Figure, right). There was hyperesthe- 
sia over the anterior right thigh between 
the inguinal ligament and the knee. 
Strength and. bulk of lower limb muscles, 
including the quadriceps bilaterally, were 
normal. Deep tendon reflexes were dimin- 
ished in the right knee, normal in the left 
knee, and absent in both ankles. 

Nerve conduction. studies of the lower 
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Striped regions indicate areas of decreased pin and cold sensation in distribution of anterior fem- 
oral cutaneous nerve. Left, Case 1. Right, Case 2. 
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right sural nerve for case 2, 


Amp, mV 
Nerve A TL, ms Amp _ cv, m/s TL, ms ory E CV, m/s 
Ril femorai (motor)t 6.5/6.6 4.0/4.0 mV : a 8.8/5.5 4.0/5.0 ; 
R peroneal (motor) pa 65. “0.35 mv 47 B 52 9.0 l 43 
R tibial (motor) aa 045mV O O40 39 9.0 36 
R median (motor) 49 12.0 mV 45 ` z tee 
R ulnar (moto) 27 11.0 mV ao n 
R median (sensory) 32 10 uV S ie p EA TEEN 
R ulnar (sensory) 2.9 B uV 45 


*TL indicates terminal latency; Amp, amplitude; and CV, conduction velocity. There was no response in the 






t Stimulated at inguinal ligament, recorded at vastus medialis (distance, 28.5 cm, case 1; 30.0 cm, case 2). 


limbs (Table) suggested a sensory polyneu- 

.-ropathy. Motor conduction studies of both 

femoral nerves revealed normal latencies 
and amplitudes. Needle EMG of the lower 
-limbs revealed positive sharp waves at rest 
in the right vastus lateralis and an increase 
in long-duration polyphasic motor unit ac- 
tion potentials in the right vastus lateralis, 
right tibialis anterior, and right gastrocne- 
mius muscles. Left and right vastus medi- 
alis and left vastus lateralis muscles were 
normal. 

Follow-up examination 6 months after 
surgery showed complete resolution of the 
right anterior thigh pain with lessening of 
the bilateral sensory deficit in the thighs; 1 
year after surgery, sensory and motor ex- 
amination results of the lower limbs were 
normal. 





COMMENT 


Both patients suffered nerve inju- 
“ties largely restricted to the AFCNs. 
The clinical syndrome of AFCN injury 
consists of numbness and aching pain 
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in the thigh anteromedially, some- 
times associated with a burning sen- 
sation in the knee, with no difficulty in 
walking or extending the knee. Cuta- 
neous sensation is diminished or ab- 
sent in the distribution of the AFCN 
but present in the distribution of the 
saphenous nerve, and motor exami- 
nation, particularly of quadriceps 
strength, shows no abnormality. Both 
patients, in addition, had clinical and 
EMG evidence of a distal sensorimotor 
polyneuropathy, which may have 
made them more susceptible to iso- 
lated nerve injury. The subclinical 
neuropathic findings on right quadri- 
ceps EMG in case 2 suggest that, in this 
patient, mild injury to the right main 
femoral nerve trunk may have acecom- 
panied injury to the AFCN. 

The anatomy of the femoral nerve 
and its AFCN branches may help to 
explain the precise localization of our 


patients’ lesions. The femoral nerve, 
formed from the second, third, and 
fourth lumbar nerves, descends within 
the abdomen and passes behind the 
inguinal ligament into the thigh. In the 
proximal femoral triangle, the nerve 
divides into an anterior and a posterior 
division, both of which divide almost 
immediately into their respective 
branches. 

The AFCN consists of cutaneous 
branches that arise from the anterior 
division of the femoral nerve. Lateral 
cutaneous branches of the AFCN (also 
known as the intermediate femoral 
cutaneous nerve) supply the anterior 
surface of the thigh as far distal as the 
knee, while medial cutaneous branches 
(also known as the medial femoral cu- 
taneous nerve) supply the adjacent 
medial surface of the thigh. '(°75?723 
The anterior division of the femoral 
nerve also supplies muscular branches 
to the sartorius. The posterior division 
of the femoral nerve supplies the sa- 
phenous nerve and muscular branches 
to the quadriceps. 

The most likely cause of the bilateral 
sensory mononeuropathy in our two 
patients was trauma from surgical 
dissection or retraction of the AFCN 
branches as they cross from a lateral 
to medial direction anterior to the 
common femoral artery bifurcation in 
the femoral triangle.'#***"2 An alter- 
native possibility is that trauma was 
limited to the anterior division of the 
femoral nerve in its position in the 
proximal femoral triangle, just lateral 
to the common femoral artery. Either 
possibility would explain the selective 
damage to AFCN branches while 
branches to the saphenous nerve and 
quadriceps muscles were clinically 
spared. 

The clinical presentation of AFCN 
injury should not be confused with 
several other entities. Postoperative 
pain, burning, and numbness of the 
thigh in a patient with established pe- 
ripheral vascular disease may suggest 
to the clinician a diagnosis of recur- 
rent arterial vascular insufficiency, 
thrombophlebitis, or high lumbar (L-2 
to L-4) radiculopathy. A careful neu- 
rological and medical evaluation, with 
particular attention to the cutaneous 
distribution of the AFCN, should help 
to clarify the diagnosis. 

Isolated neuropathy of the AFCN 
without clinical involvement of the 
main femoral nerve trunk, although 
rarely reported** may not be an un- 
common complication of peripheral 
vascular surgery. Based on our experi- 
ence with two surgical cases, it seems 
that AFCN injury can have a relatively 
benign course with gradual resolution 
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of symptoms and signs. Awareness of 
this entity, along with proper atten- 


3 + tion to meticulous surgical technique, 


may help prevent such a complication. 
In the setting of thigh pain and numb- 
ness following aortofemoral artery by- 
pass and other femoral artery recon- 
structive surgery, AFCN injury should 
always be considered. 





I wish to thank Sudhansu Chokroverty, MD, for 
reviewing the manuscript. 
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Frontal Impairment and Hypoperfusion in 
Neuroacanthocytosis 


Florence Delecluse, MD; Jeanine Deleval, MS; Jean-Marie Gérard, MD; 
Alex Michotte, MD; Diederik Zegers de Beyl, MD 


è Cerebral blood flow tomography, by 
xenon 133 inhalation or HMPAO (*mTc-d, 
Hhexamethy!-propylene amine oxime) 
technetium Tc 99m injection, revealed a 
severe hypoperfusion in both frontal lobes 
of a 40-year-old woman with confirmed 
neuroacanthocytosis. This finding oc- 
curred in conjunction with neuropsycho- 
logical deficits consistent with selective 
frontal lobe dysfunction. This observation 
is the first documentation of this type of 
dementia in neuroacanthocytosis. 

{Arch Neurol. 1991;48:232-234) 


The differential diagnosis of vocal 
tics and choreic movements in the 
adult includes Huntington’s disease, 
Gilles de la Tourette syndrome of late 
onset, and neuroacanthocytosis (NA). 
Classically, acanthocytosis in the pe- 
ripheral blood, an elevated creatine 
kinase level, and a normal lipopro- 
teinemia concentration are character- 
istic of the NA syndrome.’ Conversely, 
the neuroimaging findings in NA are 
described as similar to those of Hun- 
tington’s disease, with caudate atro- 
phy on computed tomographic scan 


< and caudate hypometabolism* on 


positron emission tomography. We de- 
scribe a case of a 40-year-old woman 
with NA (at first incorrectly diagnosed 
as Huntington’s disease or late-onset 
Tourette: syndrome). in whom single- 
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photon emission tomography revealed 
acerebral blood flow pattern of severe, 
isolated flow decrease in both frontal 
lobes, with little or no perfusional ab- 
normalities in the caudate nuclei. Neu- 
ropsychological testing disclosed iso- 
lated frontal lobe dysfunction, a clini- 
cal pattern unlike those usually found 
in NA.** 


REPORT OF A CASE 


A 40-year-old woman, with no relevant 
personal or family history, was admitted 
for disabling abnormal and progressively 
worsening movements of 6 years’ duration. 
The movements consisted of involuntary 
orofacial and tongue contractions with 
snorting, grunting, humming, lip smacking, 
and tongue clicks, as well as truncal dysto- 
nia and choreic movements of all four 
limbs. These involuntary movements were 
unrelieved by either benzodiazepines or 
tetrabenazine. Two years before admission, 
a progressive, hyperkinetic dysarthria be- 
gan with the most salient speech dysfunc- 
tions being rate variability, irregular artic- 
ulatory breakdown, hypernasality, occa- 
sional stuttering, and palilalia. One year 
before admission, generalized seizures de- 
veloped, which responded to treatment with 
carbamazepine. There was no dysphagia, 
propulsive eating dystonia, or oral self mu- 
tilation. 

Neuropsychological examination re- 
vealed a cooperative right-handed woman, 
well aware of her difficulties. There were no 
psychiatric manifestations and the Beck 
Depression Inventory proved that there 
was no concomitant depression. The pa- 
tient’s verbal and performance intelligence 
quotient seores were 102 and 75, values 
lower than expected given her level of aca- 
demic achievement. The Wechsler memory 
seale revealed.a lowered quotient:at 86, with 


the patient’s verbal learning capacity being 
superior to her nonverbal learning capac- 
ity. There was an inability to inhibit intru- 
sion in interference conditions during the 
Stroop test (part C: colored color names, 69 
seconds), as well as an inability to inhibit 
immediate response tendencies on the Al- 
ternating Sequence Test, and. to achieve 
more than one category on the Wisconsin 
Card Sorting Test (20 perseverative errors, 
or 83%). She also had difficulties with “go- 





no-go” (excessive errors of commission on. 


the no-go trials with both hands). Luria’s 


numerical word problems could not be re- 


solved though basic calculations were in- 


tact. Results of Rey’s Auditory Verbal. 
Learning Test were within normal limits. 


There were no word finding difficulties. 
Verbal fluency (names of animals and 
words beginning with P, F, and L in a one- 
minute time span) was preserved. 

Cerebral computed tomographic scan 
showed a slight bilateral atrophy of the 
caudate nucleus (Fig 1). Nerve conduction 
velocities were normal, and electromyo- 
graphic examination of the limbs disclosed 
no abnormalities. Microscopic examination 
of fresh serum revealed the presence of nu- 
merous acanthocytes (up to 30%), with a 
creatine kinase elevation and a normal 
lipoproteinemia concentration. 

Quantified cerebral blood flow determi- 
nation was performed by the xenon 133 in- 


halation method, and a rapidly: rotating a8 


single-photon emission computed tomo- 


graph (Tomomatic 564 single-photon emis- ` o 


sion computed tomograph, Medimatic, 
Copenhagen, Denmark) developed by Las- 
sen and Stokely, This method has been de- 


_-seribed in detail elsewhere.’ Mean global 
cerebral blood flow and mean regional ce“: 


rebral blood flow were calculated within six 
standardized paired regions of interest de- 
picting the main vascular territories, as 


defined by Rootwelt and cowerkers* (color 
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Fig 1.—The patient's cerebral computed to- 
mographic scan showed a slight atrophy of the 
caudate nuclei. 


Mean Cerebral Blood Flow of the Patient and of 35 Control Subjects 


Global Cerebral Frontal Cerebral 

Blood Flow Blood Flow 

mL/ 100 g mL/100 g 

Age, Y per Minute per Minute 
(Mean + 


Present case 
Control subjects 
{n = 35) 













44.8 + 2.2 48.4 + 1.1 





Color Fig 1. Left, The patient's xenon 133 cerebral blood flow pattern, 
5 cm above the orbitomeatal line showed a severe flow decrease in the 
frontal lobes. An arrow shows the slice orientation. 

Right, The cerebral blood flow pattern of a normal control subject at the 
same level is included for comparison. At the extreme right of both flow 
maps is the cerebral biood flow scale, in milliliters per 100 g per minute, 
showing the identical scaling. 


Color Fig 2.— The patient's HMPAO cerebral blood flow pattern, on the 
same slice as in color Fig 1, showing both the severe frontal hypoper- 
fusion and the slight flow decrease in the caudate nuclei. The image is 
linearized according to Yonekura and coworker's technique,’ and scaled 
to 140% of the cerebellum. 
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Fig 2.—A "'box-and-whisker” plot of frontal flows in a normal population of 35 right-handed fe- 
males. The patient's values are well outside the first percentile, as indicated by the arrow. 


Fig 1), and applied to the third tomographic 
slice (located 5 cm above the orbitomeata! 
line). The quantitative xenon 133 cerebral 
blood flow measurements thus obtained in 
this case are depicted in the Table, com- 
pared with the same averaged results + 1 
SEM obtained in a control population of 
similar mean age, consisting of 35 normal, 
right-handed females. A “box-and-whisker 
plot” of the frontal flows (Fig 2) shows that 
our patient’s frontal lobe values were well 
outside the normal range. 

In order to better evaluate the flows in the 
caudate nuclei, another single-photon emis- 
sion tomographic study was performed us- 
ing the same equipment and a high-resolu- 
tion collimator, after the intravenous ad- 
ministration of the new cerebral blood flow 
tracer HMPAO (*mTc-d,1-hexamethyl- 
propylene amine oxime). This tracer allows 
cerebral blood flow imaging of higher reso- 
lution than xenon 133, though absolute 
quantification is not routinely possible be- 
cause of its long biological half-life. High- 
resolution cerebral blood flow imaging by 
HMPAO, using Yonekura’ and Lassen’s’ 
“linearization technique,” confirmed the 
existence of severe frontal hypoperfusion 
and revealed a slight decrease in the cau- 
date nuclei (color Fig 2). 
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COMMENT 


The neuropsychological pattern of 
NA has rarely been studied, and is still 
far from completely understood, as 
mental alterations are not usually a 
conspicuous feature of this disease.’ 
When mental alterations do exist, the 
patterns so far described range from 
mild personality changes with slight 
intellectual impairment" to a “Hun- 
tington’s disease-like” pattern with 
mild dementia, visuopraxic problems, 
anomia, and a retrieval deficit for ver- 
bal and nonverbal material.* Our ob- 
servation adds another facet to the 
possible intellectual deficits in NA: 
that of predominantly frontal dys- 
function, as witnessed by multiple per- 
severative errors, an excessive vul- 
nerability to external intrusion, an 
inability to inhibit immediate but in- 
appropriate responses, and an inca- 
pacity in initiating concepts. 

These mental alterations were re- 
flected in the perfusional abnormali- 
ties of this patient, a cerebral blood 
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flow pattern quite different from that 
previously described in NA, Hunting- 
tons disease, or Tourette syn- 


drome.** Both xenon 133 and HMPAO * 


single-photon emission tomography 
revealed a severe focal flow decrease in 
both frontal lobes, with only a slight 
decrease in the caudate nuclei. Xenon 
133 single-photon emission tomogra- 
phy also showed a slight global flow 
decrease. In contrast, the cerebral 
blood flow pattern in Huntington’s 
disease is limited to a flow reduction in 
the caudate nuclei‘ while severe fron- 
tal lobe abnormalities are not seen in 
Tourette syndrome. This frontal lobe 
hypoperfusion is similar to that seen 
in the so-called “dementia of frontal 
lobe type,” a clinical and cerebral blood 
flow entity, whose various pathogene- 
ses include Pick’s disease, Parkingon’s 
disease, supranuclear palsy, and fron- 
tal lobe degeneration." It is then as- 
cribed to a specific degenerative pro- 
cess of the frontal lobes."? However, 
such a process has never been patho- 
logically described in NA, and the 
computed tomographic sean in this 
case showed no sign of frontal atrophy. 
Another possible cause of this frontal 
hypoperfusion would be a form of in- 
trahemispheric diaschisis, similar to 
that described in the lesions of the 
thalamus” or the internal capsule," 
and attributed to cortical deafferen- 
tation." 

Cerebral blood flow tomography 
would thus seem to be a very useful 
tool, not only in the differential diag- 
nosis of diseases of the basal ganglia, 
such as Huntington’s disease, Tou- 
rette syndrome, and neuroacanthocy- 
tosis, but also in the understanding of 
the physiological repercussions of the 
pathological processes involved. 
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CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor-blocking 
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beta-adrenergic receptor-stimulating agents for available receptor sites. When access to beta- 
receptor sites is blocked by INDERAL. the chronotropic, inotropic, and vasodilator responses to 
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propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
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propranolol and the blood levels achieved do not match (are tower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
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maintain effectiveness at the end of the dosing interval. in most clinical settings, however, 
such as hypertension or angina where there is little correlation between plasma levels and 
clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure, and rate pressure product. INDERAL LA 
can provide effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the management ot 
hypertension; it may be used alone or used in combination with other antihypertensive agents, 
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Te 


Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 


hyperthyroidism. including thyroid storm. Propranolol may change thyroid-function tests, 
increasing T4 and reverse Ta, and decreasing Ta. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. in one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with impair 
hepatic or renal function. INDERAL is not indicated tor the treatment of hypertensive 
emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be 
told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reserpine 
should be closely observed if INDERAL (propranolol HCl) is administered. The added. 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
Nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, 
or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may depress 
myocardial contractility or atrioventricular conduction. On rare occasions, the concomitant 
intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure or recent myocardial 





infarction. 
Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 
Ethanol slows the rate of absorption of propranolol. 
Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 
Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels 
of both drugs. 
Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol. 
Thyroxine may result in a lower than expected T4 concentration when used concomitantly with 
propranolol. 
Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 
Theophylline clearance is reduced when used concomitantly with propranolol, 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential, In 18-month 
Studies, in both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence ot 
significant drug-induced toxicity. There were no drug-related tumorigenic effects at any of the 
dosage levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 
PREGNANCY: Pregnancy Category C: INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 
There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. Ao 
NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

Cardiovascular: Bradycardia; congestive heart failure; intensification of AV block: hypotension; 
paresthesia of hands: thrombocytopenic purpura; arterial insufficiency, usually of the Raynaud 


Central Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on neuropsychometrics. For immediate formulations, 
fatigue, lethargy, and vivid dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea; 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto- immune: In extremely rare instances, systemic lupus erythematosus has been reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving the, 
skin, serous membranes, and conjunctivae reported for a beta blocker {practolol) have not been’ 
associated with propranolol, 


DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION—Dosage must be individualized. The usual initial dosage is 80 mg INDERAL 
LA once daily, whether used alone or added to a diuretic. The dosage may be increased to 120 
mg once daily or higher until adequate blood pressure. control is achieved. The usual 
maintenance dosage is 120 to 160 mg once daily. in some instances a dosage of 640 mg may 
be required. The time needed for full hypertensive response to a given dosage is variable and 
may range from a few days to several weeks. : 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDERAL LA once 
daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of-a few weeks (see 
WARNINGS). 

MIGRAINE-Dosage must be individualized. The initial orat dose is 80 mg INDERAL LA once 
daily. The usual effective dose range is 160-240 mg once daily. The dosage may be increased 
gradually to achieve optimal migraine prophylaxis. if a satisfactory response is not obtained 
within four to six weeks after reaching the maximal dose, INDERAL LA therapy should b% 
discontinued. it may be advisable to withdraw the drug gradually over a period of several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS-80-160 mg INDERAL LA once daily. 

PEDIATRIC DOSAGE-At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 


© 1980, Wyeth-Ayerst Laboratories. 
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or more” 

‘Cost per word $1.00 $ .90 
inimum ad: 20 words. per issue 








“In order to earn the three-time rate, your ad must be placed 
ind prepaid at the same time for three or more issues. 








| Counting Words: Two initials are considered 
one word, each abbreviation is considered 
| one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 
: used for replies, the words “Box ,c/o 
AON” are to be counted as three words. 
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Minimum display ad: one column inch. 
12-time and 24-time rates available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 


then prevailing rates. 


Box Service 

Available for all ads. The cost is $15.00 for the 
_ first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


_| Closing Date 


< The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 
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< archives of l 
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P.O. Box 1510, Clearwater, Florida 34617 


assistance with your ad schedule cal! toil free: 
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EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 


METROPOLITAN 
WASHINGTON, DC AREA 


Rapidly expanding neurology practice, 
with multiple locations, is seeking a BE/BC 
neurologist to join our dynamic team. Our 
offices are conveniently located, providing 
easy access to the areas finest hospitals as 





well as the nation’s capital. We offer a com- 
petitive salary, excellent benefits and the 
opportunity for partnership. For more 
information please cail or write: 


William C. Nantz 
10721 Main Street, Suite 2500 
Fairfax, VA 22030 © (703) 352-5861 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophysi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette Genera! Hospital and its 
medical staff are committed to building a center of 
excelience in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. If this special opportunity is of 
interest to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street, Marquette, Mi 49855. 





Excellent opportunity to establish your own private 
practice with no investment, guaranteed income. 
Strong referral base Proficiency in EEG/EMG 
required. Well equipped, 112-bed, full-service hos- 
pital. Our service area popuiation is now 90,000; a 
growing area with new businesses and stable econ- 
omy. Located in central California near Sequoia 
National Park, Tulare offers an excellent family- 
oriented lifestyle and all expected amenities. Beauti- 
ful homes close to hospital and office are affordably 
priced. Good schools, many community activities 
and abundant recreation including golf, tennis, 
mountain and equestrian activities. Easy access to 
all California’s major metropolitan and resort areas. 
Please contact: Tulare District Hospital Physician 
Recruiting Office, P.O. Box 90112, Los Angeles, CA 
90009. (800) 468-2687. 

PLEASE NOTE —Address replies to box number 
ads as follows: Box number, _.___. c/o AON, 
P.O. Box 1510, Ciearwater, FL 34617. 




















Ali classified advertising orders, correspondence and payments should be directed to: Archives of Neurology, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or related 
correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad, Example: 
Box __.__. c/o AON, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Neurology. 





MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. Con- 
tact: William Gfeller, 450 Hookahi Street, Wailuku, 


NEUROLOGIST to join dynamic, midwest neurol- 
ogy group. This very busy practice is seeking an 
energetic neurologist with a strong interest in the 
clinical care of patients. This opportunity is located 
in a desirable, midwestern community abundant in 
cultural and sporting activities. The practice has a 
well-equipped radiology department with MRI and 
CT, and also, neurophysiology and neuropsychol- 
ogy departments. The appropriate candidate must 
be energetic, pleasant, BC/BE, with EMG expe- 
rience. Please send curriculum vitae to: Box #814, 





sleep training desirable. Competitive salary leading 
to partnership. Send CV to: Southeastern Neurol- 
ogy Group, Robert Hansen, MD, 1890 North Main 
Street, Suite G01, Suffolk, VA 23434. 


CENTRAL OHIO—BC/BE neurologist to join busy 
solo practice located near Columbus. Experience in 
EMG, EEG and EP is desirable. Attractive compen- 
sation and benefits with productivity bonus. Full 
partnership in two years. Reply to; Robert M. Taylor, 
MD, 66 McMillen Drive, Newark, OH 43055. Or call: 








Contact: Mike Kaufman, MD, 126 Cottage Place, 
Charlotte, NC 28207. Or call: (704) 334-7311. 





Neurologist 


The Duluth Clinic, Ltd., a 160-physician, 
multi-specialty regional referral center 
in a metropolitan base of 125,000 with a 
regional referral base of 500,000 people, 
is seeking an additional board-certified/ 
-eligible neurologist, preferably with 
interest in EMG and evoked potentials. 
Currently the staff includes one child 
neurologist, five adult neurologists and 
three neurosurgeons. State-of-the-art 
support services and equipment are in 
place. Ample outdoor recreational and 
cultural facilities are available. Please 
respond with complete curriculum vitae to: 


James G. Brueggemann, MD 
Medical Director 
The Duluth Clinic, Ltd. 
400 East Third Street, Duluth, MN 55805 
An equal opportunity employer 























BUCKS COUNTY, PENNSYLVANIA — Position 
available in this beautiful, southeastern Pennsylva- 
nia location for a BE/BC neurologist to join:two 
young colleagues in a growing private practice. All 
diagnostic modalities locally available in this highly 


trained medical community, situated 30 minutes = 


from Center City, Philadelphia and less than 90 i 
minutes from Manhattan. High salary/benefits with |. 
potential for partnership. Reply: Box #807;¢/o AON. | 

































FLORIDA'S CENTRAL EAST COAST—Adult 
neurologist with EMG training wanted to join group 
of eight neurologists. We live an a high tech, beach- 
side community with great schools and affordable 
housing. Please send CV to: Search Committee, 
P.O. Box 693, Melbourne, FL 32902. 


PEDIATRIC NEUROLOGY—Premier group in 
medium-sized community in the northern midwest 
seeking BC/BP pediatric neurologist to join two 
adult practiticners. Practice in place. Excellent 
tinancial package available leading to partnership. 
Phone or write: Mary Frances Lyons, MD, at (800) 
678-7858 (local (314) 726-1603), c/o Cejka & Com- 
pany, 222 South Central, Suite 400, St. Louis, MO 
63105. FAX # (314) 726-0026. 
















— SOUTH FLORIDA — 
BE/BC adult neurologist to join three young men in 
established suburban group between Miami and Fort 
Lauderdale. Busy office and multi-hospital practice 
Good rewards for hard work. Excellent starting salary 
and benefits. Income growth and partnership to be 
offered to the right person, tmmediate or July 1991 
opening. Reply with CV to: Bay Harbor Neuro., 1135 
Kane Concourse, Bay Harbor Islands, FL 33154. Or 
cali Mrs. Sager. (305) 865-0063 





THIRD BC/BE NEUROLOGIST desired for growing 
neurology practice in southern Michigan. EMG/EEG 
expertise required. Wide referral base. Equipped 
neurophysiological laboratory available. Exceptional 
lifestyle and cultural resources. Attractive salary and 
incentives leading to partnership in one year. Please 
write to: Neill S. Hirst, MD, 250 West Eisenhower, 
Suite 100, Ann Arbor, MI 48103. Telephone: (313) 
665-6638. 















BE/BC NEUROLOGIST 


To join an associate neurlogy practice in south- 
central Nebraska. This opportunity comes with 
the full support of your colleages and offers 
exceptional life style and practice potential. In- 
come guarantee, relocation, MP, office paid. Send 
CV or contact: Armando L. Frezza, President. 
Medical Support Services, 8806 Balcones Club 
Drive, Austin, TX 78750. Office (800) 288-7420: 
FAX (512) 331-6741. 





NEUROLOGIST WANTED, southern California: 
Opportunity for board-certified or -eligible adult 
neurologist to join a three-person group in an estab- 
lished practice in the northern San Diego, Califor- 
nia, area, Position available as early as spring, 1991. 
Please reply with curriculum vitae to: Box #815, c/o 
AON. 


PENNSYLVANIA LAUREL HIGHLANDS — Excel- 
tent opportunity for BE/BC private adult neurolo- 
gist. 35 miles east of Pittsburgh, near skiing, etc. 
Partnership in neurology practice — hospital, pri- 
vate office, headache and sleep disorder center. 
Possible clinical appointment at Pitt Medical 
School, 1991 or 1992. Send CV to: James A. Rosen, 
MD, 900 Greengate North Plaza, Second Floor, 
Greensburg, PA 15601. 


CLEVELAND CLINIC FLORIDA 
NEUROLOGY 


Cleveland Clinic Florida, a multi-specialty 
group practice, is seeking a BC/BE neurolo- 
gist. individual must have strong clinical skills, 
training and experience in EEG, evoked 
potentials, sleep physiology, and EMG, and 
be interested in heiping develop new clinical 
programs/services in a rapidly growing 
department. interest in clinical research and 
education a must. Excellent salary and bene- 
fit. package. Send CV to: 

Virgilio D. Salanga, MD 
Department of Neurology 
Cleveland Clinic Florida 
3000 West Cypress Creek Road 
Ft. Lauderdale, Florida 33309 





CHIGAGO SUBURBAN solo practitioner with a 
busy practice seeking a full-time BC/BE clinical 
neurologist. EMG skiils required. immediate open- 
ing. Wonderful opportunity to expand with possible 
early partnership. Reply with CV to: Yvonne Jurcik, 
MD..125 East Lake Cook Road, Buffalo Grove. IL 
60089. 








EXCELLENT OPPORTUNITY for BC/BE neuroio- 
gist to join 80-physician, comprehensive, multi- 
specialty group in San Francisco Bay Area. Large, 
varied referral base from pediatrics, IM, FP, and 
surgery. EMG/NCV, EEG, evoked response testing. 
CT, MRI, radiology support all available on site. 
Opportunity to interface with sepcialists of all types 
including neurosurgeons. Major university teaching 
affiliation encouraged and possible. Close proxim- 
ity to 400-bed full service, modern hospita! serving 
population of 300,000. Competitive guaranteed 
salary with bonus productivity plan for initial 18 
months leading to partnership track. Extensive 
benefit package including housing incentives. Uni- 
que cultural, recreational and educational opportu- 
nities. Send CV to: Gary D. Zweig, MD, Recruitment 
Chairman, Sunnyvale Medical Clinic, P.O. Box 
3496, Sunnyvale, CA 94088-3496. 





The Ochsner Clinic in New Orleans is 
seeking a general neurologist to join the 
department. The individual should be 
board-certified or board-eligible in 
neurology. 

The practice offers an opportunity to prac- 
tice with physicians of superior training 
and ability in a setting that supports inno- 
vation and involvement in education. Teach- 
ing of neurology residents from Tulane 
University and medicine fellows from the 
Ochsner Clinic Medicine Department is an 
important part of the department's activity. 
Clinic research opportunities are available. 


Please send curriculum vitae to: 
Dr. Richard Strub 
Chairman, Department of Neurology 
Ochsner Clinic 


1514 Jefferson Highway 
New Orleans, LA 70121 





NEUROLOGIST—NORTHERN CALIFORNIA: De- 
velop an exceptional practice in conjunction with 
busy, established colleague who has clinical and 
research interests. Patient-oriented clinician will 
succeed and prosper. Located in the Bay area and 
close to the Monterey Peninsula. Option to enjoy a 
semi-rural lifestyle in a suburban area near the city 
and ocean. Financial package includes competitive 
salary plus generous incentive, full benefits, and 
paid overhead. Interviewing and relocation expenses 
are also paid. Send CV or call: Paul Byerlein, Jack- 
son and Coker, Inc., 115 Perimeter Center Place, 
Suite 380 10074, Atlanta. GA 30346. Telephone: 
(800) 544-1987. 





Positions Wanted 


COMPHEALTH provides the finest locum tenens 
(temporary physician staffing) service nationwide. 
Each CompHealth neurologist is carefully screened 
and referenced ensuring you competent, reliable 
coverage. Have your practice covered or join us and 
cover other practices. Call CompHealth, the nation’s 
oldest and largest supplier of temporary physician 
staffing services at: (800) 328-3043 toll-free; in Utah 
(801) 264-6400. Or write: 4021 South 700 East. Sait 
Lake City, UT 84107 











PAIN FELLOWSHIP. The Pain Service in the Depart- 
ment of Neurology at Memorial Sloan-Kettering 
Cancer Center is seeking a board-eligible/board- 
certified neurologist for a pain fellowship. This is a 
one- or two-year position that offers comprehensive 
training in pain evaluation and treatment. with a 
strong emphasis on cancer pain. Fellows will partic- 
ipate in clinical investigations of neuro-oncologic 
pain syndromes and the pharmacology of opioid 
analgesics. Laboratory research opportunities 
directed at the mechanisms of opiate action and the 
molecular pharmacology of opiate receptors are 
also available. Please contact: K.M. Foley. Depart- 
ment of Neurology, Memorial Sloan-Kettering 
Cancer Genter, 1275 York Avenue, New York, NY 
10021. 

















Southeast Coast: 
PEDIATRIC 


NEUROLOGIST 


Excellent quality of life available in 
Savannah-Hilton Head area, site of the 
1996 Olympic Games sailing events. 
Outstanding recreational opportunities, 
nation's largest urban historic district, 
and superb symphony are among the 
attractions of living here. 


A well-trained, personable neurologist 

with special competence in child 
neurology is needed for a busy practice, 

currently consisting of two adult neurol- 
ogists and one neurologist doing adult 
and child neurology, all with strong aca- 
demic backgrounds. CT, EEG, EMG and 

physical therapy are available in-office 
with large hospital practice available in 

three hospitals, including a major region- 

al teaching hospital, affiliated with the 

Medical College of Georgia. First year 

guarantee is $80,000 plus bonus, leading 

to full partnership after two years. Earn- 

ings potential, availability of strong 

multi-specialty support, and opportuni- | 
ties for teaching are extraordinary. 


If interested contact: 
Randy Wellman, Office Manager 
Savannah 
Neurological Associates, PC 


P.O. Box 23059 
Savannah, GA 31403 © (912) 354-8151 


IMMEDIATE OPENING 
FORA 


GENERAL 
NEUROLOGIST 





Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 
competence in EEG, EMG and 
evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 


Please submit CV to: 
puy EAST 
TENNESSEE 
N A NEUROLOGY 
p- CLINIC 
i & Suite 501 
Baptist Professional 


t Buildin 
e AC Knai TN 37920 


































































The Department of Neurology, 
Section of Epilepsy & 
Sleep Disorders at the 
CLEVELAND CLINIC 

FOUNDATION 

is recruiting a 
Neurologist/ 
Clinical 
Neurophysiologist 

with a special interest in evoked 
potentials. The individual would be 
expected to head the department's 
efforts in the fields of clinical evoked 
potentials, evoked potential moni- 
toring in the operating room and 
neurointensive care units. The 


“Cleveland Clinic Foundation is an 
equal opportunity employer. 


Please send letter and current CV to: 
Harold H. Morris, Ill, MD 


Head, Section of Epilepsy & 
Sleep Disorders 


CLEVELAND CLINIC 


FOUNDATION 
One Clinic Center - Mail Code M52 
9500 Euclid Avenue 
Cleveland, OH 44195 
(216) 444-6236 




















The Department of Neurology, a rapidly 
expanding 26-member academic group 
practice with an accredited neurology 
residency training program at Henry Ford 
Hospital & Health Sciences Center, is seek- 
ing additional BC/BE neurologists with the 
following subspecialty interests: 










(1) ambulatory neurology with a 
strong commitment to resident 
outpatient education 

(2) neurorehabilitation 

(3) clinical neurophysiology 

(4) neuromuscular diseases 

(5) movements disorders 

(6) cerebrovascular diseases. 






HFH & HSC is a tertiary care referral hos- 
pital with over 930 beds and is a teaching 
affiliate of the University of Michigan Medi- 
cal Center. HFHS includes twenty-five 
health care sites including the main 
campus. Approximately 1/3 of the patients 
belong to largest HMO in Michigan. Staff 
engage in patient care, teaching and 
research activities. Excellent benefit pack- 
age with competitive salaries, liberal vaca- 
tion, conference and leave policies, and tax 
deferred retirement options. For further 
information contact: 















K.M.A. Welch 
Gossett Chair of Neurology 
Department of Neurology 


HENRY FORD HOSPITAL 


2799 West Grand Boulevard 
Detroit, MI 48202-2689 
Telephone: (313) 876-3396 
An equal opportunity employer. 














































FELLOWSHIP in Cerebrovascular Disease: Fellow- 
ships in cerebrovascular disease are available in the 
Department of Neurology at the University of lowa. 
Comprehensive clinical training in management of 
patients with stroke is complemented by opportuni- 
ties for clinical or basic research. Fellows are active 
participants in patient care and collaborate in sev- 
eral on-going local and multi-center clinical research 
studies. Candidates should be board-eligible or 
-certified in neurology and be licensed to practice 
medicine in the United States. Please send inquiries 
to either Harold P. Adams, Jr., MD, or Jose Biller, 
MD, Division of Cerebrovascular Diseases, Depart- 
ment of Neurology, University of lowa, lowa City, 1A 
52242. Or call: (319) 356-4110. The University of 
lowa is an affirmative action/equal opportunity 
employer. Women, minorities and handicapped are 





EPILEPSY FELLOWSHIP—Immediate opening 
available for one or two year epxerience. Active clin- 
ical program with emphasis on comprehensive med- 
ical and psychosocial management and clinical 
drug trials. Intermediate level epilepsy monitoring 
(video and ambulatory EEG) is in piace. Training in 
EEG, EP, quantified EEG and brain mapping is 
available. Interested applicants may apply to: Dr. 
Venkat Ramani, Department of Neurology, Albany 
Medical College, Albany, NY 12208. (518) 445-5227. 


Neuro-Ophthalmology 
Fellowship 


The Departments of Ophthalmology and Neu- 
rology, University of Michigan. Position for 
one year period, July 7, 1992 to July 6, 1993. 
Trainee appointed as a lecturer with stipend 
and fringe benefits. Inquiries (before June 1, 
1991) to: Jonathan D. Trobe, MD, 
W K Kellogg Eye Center 

1000 Wall Street, Ann Arbor, MI 48105 

The University of Michigan 
is an affirmative action employer, 


EMG AND NEUROMUSCULAR Disease Fellow- 
ship, University of Mississippi Medical Center. 
Comprehensive fellowship in clinical neuromuscu- 
lar disease, electromyography (including single fiber 
EMG), and muscle and nerve pathology for one or 
two years. The experience is based on a large MDA 
clinic (over 500 patients), an active EMG laboratory 
(700 procedures/year), and a muscle pathology 
laboratory within the department of neurology. 
Optional time in a basic science laboratory studying 
calcium and receptor mechanism in neuromuscular 
disease. Send CV and three letters of recommenda- 
tion to: S.H. Subramony, MD, Department of Neu- 
rology, University of Mississippi Medical Center, 
2500 North State Street, Jackson, MS 39216-4505. 





GERIATRIC NEUROLOGY FELLOWSHIP. A two- 
year fellowship is available in geriatric neurology, 
beginning July 1, 1991. This VA-supported fellow- 
ship provides multi-disciplinary training in geriatric 
neurology with formal rotations on the 17-bed Geri- 
atric Evaluation and Management Service at the 
Portland VA Medical Center. Fellows will also par- 
ticipate in clinical and research activities of the Alz- 
heimer's Disease Center of Oregon and the Oregon 
Brain Aging Study at both the VA Medical Center 
and Oregon Health Sciences University. Emphasis 
will be placed on the design and implementation of 
independent research protocols. A broad range of 
research opportunities are available and include 
such topics a quantitative image analysis, the neu- 
ropharmacology of movement disorders, cerebro- 
vascular disease in the elderly, and the neurology, 
neuropsychology and neuropathology of the very 
old. Applicants must be board-eligible or -certified 
in neurology. To apply, send CV and two letters of 
recommendation to: Jeffrey Kaye, MD, Director, 
Geriatric Neurology, Portland VA Medical Center, 
3710 SW U.S. Veterans Hospital Road, P.O. Box 
1034, Portland, OR 97207. Telephone: (503) 273- 
5171 or (503) 494-7772. The Department of Veterans 
Affairs and the Oregon Health Sciences University 
are equal opportunity employers. 





PLEASE NOTE —Adaress replies to box number 
ads as follows: Box number, ——————. c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 


















THE DEPARTMENT OF NEUROLOGY, University 
of Louisville has an opening for Clinical Neurophy- 
siology Fellowship for 1991-92. Candidate will have 
the options to combine EEG with EMG or evoked 
potentials or clinical polysomnography. Interested 
applicants should forward their curriculum vitae to: 
Vasudeva lyer, MD, Department of Neurology, Uni- 
versity of Louisville, Louisville, KY 40292. (502) 
588 






are available for July 1991 and 1992. The University 
of California, San Francisco, Department of Neuro- 
logical Surgery, Neuro-oncology Service, offers 
unprecedented opportunities to participate in chemo- 
therapy and radiation therapy trials of children and 
adults with brain tumors. Practice is primarily outpa- 
tient, some 2,000 patient visits each year. An 
optional second year of laboratory research is avail- 
able. Applicants for this position must possess a 
California medical license and be board-eligible or 
board-certified in neurology, neurosurgery, or med- 
ical oncology. There are two positions availabie. 
Apply to: Michael Prados, MD, University of Califor- 
nia, Department of Neurological Surgery, Neuro- 
oncology Service, ACC-841, San Francisco, CA 
94143-0372. The University of California is an equal 
opportunity/affirmative action employer. 
Women and minorities are encouraged to apply. 
NEUROEPIDEMIOLOGY training fellowship avail- 
able for board-eligible neurologist beginning July 1, 
1991 at the Sergievsky Center and Neurological 
Institute, Columbia-Presbyterian Medical Center. 
Opportunity to earn a MS or MPH in epidemiology 
and work on ongoing clinical studies. Special inter- 
est in epilepsy or cerebrovascular disease preferred. 
Address inquiries to: Dr. W. Allen Hauser, Neuro- 
epidemiology Training Program, Sergievsky Cen- 
ter, 60 Haven Avenue, New York, NY 10032. Colum- 
bia University is an equal opportunity/affirmative 
action employer. 





eligible or -certified neurologist, July 1, 1991, at the 
Department of Neurology, Columbia Presbyterian 
Medical Center. Unexpected opening. Bi-lingual 
(Spanish) physician preferred. Address inquiries to: 
Dr. Richard Mayeux, Neurological Institute, 710 
West 168th Street, New York, NY 10032. Columbia 
University is an equal opportunity employer. 






THE UNIVERSITY OF CHICAGO Neurology 
Department is offering a second year neurology 
residency position (PGY 3) beginning July 1991. For 
information contact: Richard P. Kraig, PhD, MD, 
Residency Director, Department of Neurology, Uni- 
versity of Chicago Medical Center, 5841 South 
Maryland, BH - Box 425, Chicago, IL 60637. (312) 
702-0151 








ford University — An unexpected neurology resid- 
ency position is available starting July, 1991 at Stan- 
ford University Medical Center. For further intor- 
mation, contact: Dr. Gregory W. Albers, Director, 
Residency Training Program, Department of Neu- 
rology and Neurological Sciences, Stanford Univer- 
sity Medical Center, Stanford, CA 94305. Equal op- 


ment of Neurology at the Medical College of Wis- 
consin has a first year position available for July 1, 
1991 in a fully accredited three year training pro- 
gram at the new Children’s Hospital of Wisconsin. 
There are five full-time pediatric neurologists con- 
ducting a strong general clinical neurology program 
with programs of special emphasis in both clinical 
and basic science in oncology, epilepsy, neuro- 
behavior and neuromuscular disorders. Candidates 
should have two years of pediatric training in a 
ACGME accredited program. Contact: Richard J. 
Konkol, MD, PhD, Chief of the Section of Pediatric 


Neurology at 8701 Watertown Plank Road, Milwau=.'}) 


kee, WI 53226. (414) 266-4090 or Eric Maas,:MD, 
Neurology Residency Director at Froedtert Memor- 
ial Lutheran Hospital, 9200 West Wisconsin Avenue; 
Milwaukee, WI 53226. 
































THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Louisville, School of Medicine is seeking a 
faculty member for a full-time academic appoint- 
ment. Applicant must be board-eligible in neurology 
and neurodiagnostics, preferably with a completed 
fellowship in neurophysiology and electrodiagnos- 
tic medicine. Must be committed to education both 
at the undergraduate and graduate levels. Contact: 
Wiliam H. Olson, MD, Chairman, Department of 
Neurology, University of Louisville, Louisville, KY 
40292. (502) 588-7981. EO/AAE. 


THE UNIVERSITY OF MISSISIPPI ‘Medical Center 
Department of Neurology invites applications for 
position of assistant professor from board-certified 
individuals with strong research, clinical and teach- 
ing skills. Persons with expertise in neuro-oncology, 
vascular disease and epilepsy are especially being 
sought. Please submit a letter of intent, curriculum 
vitae, and the names of three referring physicians to: 
Dr. James J. Corbett. Chairman, Department of 
Neurology, The University of Mississippi Medical 
Center, Jackson, MS 39216-4565. The University of 
Mississippi is an equal opportunity employer, 
M/F/H/V. 


ACADEMIC NEUROLOGIST with board-eligibility 
in EMG sought by the Department of Neurology at 
The George Washington University Medical Center 
in Washington, DC. This non-tenure track, junior 
faculty position includes teaching responsibilities, 
patient.care and the opportunity to develop a neuro- 
muscular/EMG program. A competitive salary and 
excellent fringe benefits are provided. The George 
Washington University is an equal opportunity em- 
ployer. Applications will be accepted until the posi- 
tion is filled. Please send inquiries and curriculum 
vitae to: Helene A. Emseilem, MD, Acting Chairman, 
Department of Neurology, 2150 Pennsylvania 
Avenue, NW, Suite 7-407, Washington, DC 20037 


ACADEMIC NEUROLOGIST with board-eligibility 
in clinical neurophysiology is sought by The 
Department of Neurology of The George Washing- 
ton University Medical Center in Washington, DC. 
This tenure track position offers an opportunity to 
be involved in an active academic EEG/Sleep 
Laboratory and includes teaching and patient care 
activities. A competitive salary and excellent fringe 
benefits are provided. The George Washington Uni- 
versity is an equal opportunity employer. Applica- 
tions will be accepted until the position is filled 
Please send inquiries and curriculum vitae to: Helene 
A. Emsellem, MD, Acting Chairman, Depart- 
ment of Neurology, 2150 Pennsylvania Avenue. NW. 
Suite 7-407, washington, DC 20037 


LOYOLA UNIVERSITY Chicago Stritch School of 
Medicine, Department of Neurology invites applica- 
tions for two positions at the assistant professor 
level. Applicants should be board-eligible or -certified 
in neurology and have subspecialty expertise in 
either epilepsy, movement disorders, cerebrovascu- 
lar or neuromuscular diseases. Preference will be 
given to candidates with clinical research interests. 
Send CV to: Gastone Celesia, MD, Chairman, Neu- 
rology Department. Loyota University Chicago. 2160 
South First Avenue, Chicago, IL 60153. Loyola Uni- 
versity Chicago is an equal opportunity/affirmative 
action employer. 


MRI/CT INTERPRETATIONS by board-certified 
radiologists via teleradiology or overnight mail. 
Teleradiology Associates, P.A., One University 
: Place, Suite 350, Durham, NC 27707. (919) 419-1000. 
MRI'S WANTED: If MRI interpretation is.a problem 
for your group, Maine Independent imaging can 
help. MAL will perform overread or primary inter- 
pretation of your studies. Results faxed or phoned 
within 24 hours. We. offer three very reasonable 
{-payment plans. For more information, call (207) 

879-8278 or (207) 879-8250, 





PLEASE NOTE —~ Address replies to box number 
ads as follows: Box number. . . c/o AON. 
P.O. Box 1510, Clearwater, FL 34617. 








AMBULATORY 
EEG SCANNING SERVICE 


For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report upon receipt of tape. 


Call: EEG Department 
DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia. MD 21044 








1985 NIHON KOHDEN Neuropack 8 Evoked Poten- 
tial Machine-VEP, BAEP, SSEP; with color monitor 
and plotter. Excellent condition: $15,000. (703) 
885-6000. 


We Target The Physician 
You Want! 


JULY 1991—PRACTICE. Outstanding opportunity. 
$200K net probable by end of ‘first year. Fully 
equipped neurologic institute. Only the best need 
apply. Send CV at once: Southeastern Neuro- 
science institute, inc., 5143 University Boulevard, 
West, Suite 3, Jacksonville, FL 32216-5939. (904) 
733-0707; FAX (904) 7 730-9173. 





NEUROLOGY PRACTICES for sale—Two estab- 
lished neurology practices for sale in Los Angeles 
County. A highly profitable, general neurology prac- 
tice established over ten years, located on the cam- 
pus of a major medical center in Burbank, Califor- 
nia; and a busy pediatric neurology practice in 
Hollywood, California affiliated with major teaching 
and community hospitals. Call: Alex Guttman, Prin- 
cipal, Arthur S. Shorr and Associates, Inc., Consul- 
lants to Health Care Providers: (818) 348-6632. 


The Archives of Neurology's classified recruitment advertising section is seen 
precisely by the physician you need — neurologists, child neurologists and neuro- 
logical surgeons. A total specialized physician audience of over 10,000. 


Find the physician you need now. Send us your advertising order today. Just 
complete the coupon below. The next available issue is April which closes Mon- 


day, February 25th. 


The classified rate is $1.00 per word for one issue, For three issues or more, the rate 
is $ .90 per word per issue. Minimum classified ad is 20 words. 


insert my ad 


Place my ad under the heading 


ORDER FORM 


_ times, beginning with the 








Enclosed is my check for $ _ 
of my advertising schedule. 


Institution 


to cover full payment 





Contact Person 





Address 





City 


State 


Zip 





Area Code & Telephone Number - 








Authorized Signature 


COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 





























Send all copy and payments to: 


archives of A 
Nëürology 
Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 © Local (813) 443-7666 
















































































ilantin® KAPSEALS® (Extended Phenytoln Sodium Capsules, USP) 
: Before prescribing, please see full prescribing information. A Brief Summary follows. 


_ INDICATIONS AND USAGE: Dilantin is indicated for the contro! of generalized tonic-clonic (grand 
- mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 
_--Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
‘Dosage and Administration and Clinical Pharmacology). 
‘@DNTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 
_ WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
~ epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
_ ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
‘However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
‘therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
-belonging to the hydantoin chemical class. 
There have been a number of reports suggesting a relationship between phenytoin and the 
«development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
“jpvolvament may occur with or without symptoms and signs resembling serum sickness, eg, 
“fever, rash and liver involvement. 
n ali cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
very effort should be made to achieve seizure control using alternative antiepileptic drugs. 
-Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 
_ Inview of isolated reports associating phenytoin with exacerbation of porphyria, caution should 
be exercised in using this medication in patients suffering from this disease. 
- Usage In: Pregnancy: A number of reports suggests an association between the use of 
-antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 

<p than drug therapy in leading to birth defects. The great 
+ majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
. “even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

in addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
hecause of altered phenytoin absorption or metabolism. Periodic measurement of serum 

venytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
ide to. an appropriate adjustment of dosage. However, postpartum restoration of the original 
+, dosage will probably be indicated. 
-= Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
© epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
<- ercorrect this defect and has been recommended to be given to the mother before delivery and 
-to the neonate after birth. 
“PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin, patients 
3 ain impaired liver function, elderly patients, or those who are gravely ill may show early signs 
“of toxicity. 
-= -A smalt percentage of individuals who have been treated with phenytoin has been shown to 
“> metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see ‘Warnings’ section regarding drug 
discontinuation). if the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rashis 

>of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
Medication is contraindicated, 

~~ -Phenytoin and other hydantoins are contraindicated in patients who have experienced 

“phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 

ep aires, succinimides, oxazolidinediones and other related compounds) in these same 
4 S: 
Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
feported. Phenytoin may also raise the serum glucose level in diabetic patients. 

- Osteomalacia has been associated with phenytoin therapy and is considered to be due to 





































henytoin's interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
ppropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
sence (petit mal) seizures are present, combined drug therapy is needed. 

m levels of phenytoin sustained above the optimal range may produce confusional states 


“referred to as “delirium” “psychosis” or “encephalopathy” or rarely 


Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 








dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels a 
reduction of phenytoin therapy is indicated if plasma levels are excessiv 
termination is recommended. (See Warnings.) 

information for Patients: Patients taking phenytoin should be advise: 
adhering strictly to the prescribed dosage regimen, and of informing the 
condition in which it is not possible to take the drug orally as prescribe 

Patients should also be cautioned on the use of other drugs or alcoholic 
seeking the physician's advice. 

Patients should be instructed to cal! their physician if skin rash devel: 

The importance of good dental hygiene should be stressed in í 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be neces 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decre 
which phenytoin may affect. Serum level determinations for phenytoi: 
when possible drug interactions are suspected. The most commonly occ 
are listed below: 1. Drugs which may increase phenytoin serum levels 
intake, amiodarone, chloramphenicol, chiordiazepoxide, diazepam, 
estrogens, H»-antagonists, halothane, isoniazid, methylphenid 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide 

2. Drugs which may decrease phenytoin levels include: carbamazepine 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride 
which interfere with the absorption of phenytoin, Ingestion times of 
preparations containing calcium should be staggered in patients with low 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on 
acid, and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants ma 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is 
include: corticosteroids, cot 
digitoxin, doxycycline, estro; 
contraceptives, quinidine, r 
vitamin D. 

Drug/Laboratory Test Intera 
cause decreased serum levels 
(PBI). It may also produce lowe 
dexamethasone or metyrapor 
cause increased serum levels c 
phatase, and gamma glutamy 
Carcinogenesis: See “Warnin 
tion on carcinogenesis. 
Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women 
phenytoin appears to be secreted in low concentrations in human mill 
ADVERSE REACTIONS: Central Nervous System: The most common mk 
with phenytoin therapy are referable to this system and are usually dos 
nystagmus, ataxia, slurred speech, decreased coordination and ment 
insomnia, transient nervousness, motor twitchings, and headaches have a 
have also been rare reports of phenytoin induced dyskinesias, including ı 
and asterixis, similar to those induced by phenothiazine and other neurt 

A predominantly sensory peripheral polyneuropathy has been obser 
long-term phenytoin therapy, 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepa 
Integumentary System: Dermatological manifestations sometimes ac: 
included scarlatiniform or morbilliform rashes. A morbilliform rash (n 
common; other types of dermatitis are seen more rarely. Other mores 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus € 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions) 
Hemopoietic System: Hemopoietic complications, some fatal, have oc 
in association with administration of phenytoin. These have included tr 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or wi 
pression. While macrocytosis and megaloblastic anemia have occurred, 
respond to folic acid therapy. Lymphadenopathy including benign lympt 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported 
Connective Tissue System: Coarsening of the facial features, enlarge 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

immunologic: Hypersensitivity syndrome (which may include, but is 1 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenc 
lupus erythematosus, immunoglobulin abnormalities. 
OVERDOSAGE: The lethal dose in children is not known. The lethal do 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dy 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. T 
comatose and hypotensive. Death is due to respiratory and circulator 

There are marked variations among individuals with respect to phem 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at < 
mg/mL, dysarthria and lethargy appear when the plasma concentratio 
as high a concentration as 50 mcg/ml has been reported without evid 
as 25 times the therapeutic dose has been taken to result in a serun 
meg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote 

The adequacy of the respiratory and circulatory systems should bi 
appropriate supportive measures employed. Hemodialysis can be co! 
is not completely bound to plasma proteins, Total exchange transfus 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, incli 
borne in mind. 

Caution — Federal law prohibits dispensing without prescription. 


© 1989 Warner-Lambert Co. 
PARKE-DAVIS 


Div of Warner-Lambert Co 
Morris Plains, NJ 07950 Pi 





As rare as a seizure on 
L Vantin eren phenytoin sodium capsules, USP) 100 mg 


Once in a blue moo bes the phenomenon in which 

the moon appears as a brilliant blue Seen worldwide following 

the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
atmospheric cloud droplets, each less than 5 um in 

diameter, form in abundance—a ac rare event? 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way! 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 ng/mL),? often wit, 
once-daily therapy (Dilantin® Kapseals”), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
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mparing carbamazepine with phe 


Please see adjacent page for bri 
of prescribing information. 
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Compensatory Mechanisms in Degenerative 


Neurologic Diseases: Insights From Parkinsonism 
D. B. Calne, M. J. Zigmond 





Corpus Callosotomy for Intractable Seizures in the 


Pediatric Age Group 
R. E. Nordgren, A. G. Reeves, A. C. Viguera, D. W. Roberts 








Intraputaminal Infusion of Nerve Growth Factor to 
Support Adrenal Medullary Autografts in Parkinson’s Disease: 


One-Year Follow-up of First Clinical Trial 


L. Olson, E.-O. Backlund, T. Ebendal, R. Freedman, B. Hamberger, P. Hansson, B. Hoff 
U. Lindblom, B. Meyerson, |. Strömberg, O. Sydow, A. Seiger, 





Prednisone in Duchenne Dystrophy: A Randomized 
Controlled Trial Defining the Time Course and 


Dose Response 


R. C. Griggs, R. T. Moxley Hl, J. R. Mendell, G. M. Fenichel, M. H. Bro 
A. Pestronk, J. P. Miller, and the Clinical Investigation of Duchenne Dystrophy 





Positron Emission Tomography in Progressive 


Supranuclear Palsy 
M. H. Bhatt, B. J. Snow, W. R. W. Martin, R. Peppard, D: 





Volume 48, Number 4 


American Medical Association 
’ Physicians dedicated to the health of America 








SAPPHIRE 


ooo EMG/EP FOR THE 90'S FROM TECA 





In the 90's two seemingly disparate terms - advanced 
technology and affordability- were linked when TECA 
announced the Sapphire line of portable EMG/EP instruments. 
Sapphire delivers all the advantages of modern technology 
with pricing that is realistic in today’s economic environment. 


@ Superfast real-time EMG @ 16 programmable tests 
B 1 or 2 channels @ High resolution 12 bit A/D 
E EP stims @ Trace annotation 

@ Automatic NCV studies @ Disk drive and reporting 
@ 10 seconds of EMG memory @ Fast thermal printout 


@ Trigger and delay line 


The Sapphire range is available from a single channel EMG 
instrument, to a full function EMG with Evoked Potentiais. 
All routine tests are performed at the push of a button. 


TECA Corporation, in the forefront with innovative 
instrumentation and a reputation for quality and service 
for over 40 years. 


For more information call 1 800 GET-TECA Ext. 102 


7 VICKERS 
TECA Y MEDICAL 
3 Campus Drive, PLEASANTVILLE, NY 10570 
800 GET-TECA Fax: 914/769-9045 
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REINTRODUCE 
THE OLDEST 
ADVANCE 
In MEDICINES. 
















Tes called talking. If your older patients don’t 
ask you about the prescriptions they've been 
given, make it a point to tell them what they 
need to know. Make sure they know the 
medicine’s name, how and when to take it, 
precautions, and possible side effects. En- 
courage them to write down the information and 
ask you questions about things they don’t 
understand. 

You'll also want to take a complete medica- 
tions history including both prescription and 
non-prescription medicines. The history can 
alert you to the potential for drug interactions 
and help you simplify their regimen. 

Re-introduce the oldest advance in 
medicines. Make talking a crucial part of your 
practice. Because good, clear communication 
about medicines isn’t a thing of the past. It's the 
way to a healthier future. 


Before they take it, 
talk about it. 


MM National Council on 
A K Patient Information and Education. 


666 Eleventh St. NW. Suite 810 
Washington, D.C, 2000] 
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INDERAL® LA (propranolol HCI} Long Acting Capsules 
BRIEF SUMMARY OF PRESCRIBING INFORMATION: ie 
CONSULT THE PACKAGE LITERATURE FOR FULL PRESCRIBING INFORMATION. zy 
CONTRAINDICATIONS. INDERAL is contraindicated in 1} cardiogenic shock: 2) sinus bradycardia and greater than tiste 
degree block: 3) bronchial asthma: 4) congestive heart failure (See WARNINGS), undess the laiture is secondary ta a 
tachyarrhythmia treatable with INDERAL : 
WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circulatory lunclion iB 
patients with congestive heart failure, and its inhibition by beta-biockade may precipitate more severe taiture. Although beta 
blockers should be avoided in overt congestive heart failure, if necessary, they can be used with clase fahow-up in-patients with 
a history of failure who are well compensated and are receiving digitalis and diuretics. Bela-adrnergic: blocking agents do tiot 
abolish the inotropic action of digitalis on heart muscle, 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers can, in some cases, lead lo cardiac 
failure. Therefore, al the lirst sign or symptom of hear! aire, the patient should be digitalized and/or treated with diuretics, and 
the response observed closely. ar INDERAL should be discontinued (gradually, if possible) 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina and, in some cases, myocatdiat 
infarction, following abrupt discontinuance ol INDERAL therapy. Therefore, whee discontinuance of INDERAL is planned, the 
dosage should be gradually reduced over al least a lew weeks, and the patient should be cautioned against ilemuption of 
cessation of therapy without the physician's advice. INDERAL therapy is interrupted and exacerbation ol angina conles, hy. 


usually is advisable to reinstitute INDERAL therapy and take. other measures appropriate for. the management of unstable’ 
angina pectoris. Since coronary artery disease may De unrecognized, it may be prudent to lolfow the above advice 16 patients 
considered at risk of having occult atherosclerotic heart disease who are given propranoio! for other indications. 





Nonallergic Bronchospasm ( , chronic bronchitis, emphysema} ~ PATIENTS WITH BRONCHOSPASTIC DISEASES 
SHOULD iN GENERAL NOT RECEIVE BETA BLOCKERS. INDERAL shouid be administered with caution since {t may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of bela receptors, Ee 
MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior to major surgery 15 controversial: tf 
should be noted that the impaired ability of the heart to respond to reflex adrenergic stimuli may augment the risks af generat 
anesthesia and surgical procedures 
INDERAL, like other bela blockers, is a competitive inhibitor of beta-receptor agonists and its effects can be reversed by 
administration of such agents, eg, dobutamine or isoproterenol, However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers. 
DIABETES AND HYPOGLYCEMIA: Use beta blockers with caution in diabetic patients if a beta-blocking agent is required, Beta: 
Siockers may mask tachycardia occurring with hypogiyeria other manifestations such as dizziness and sweating may nat be 
significantly affected. Following insulin-induced hypoglycemia, proprancio! may cause a delay in the recovery of blood glucose 
fo normal fevels. 
THYROTOXICOSIS: Bela blockade may mask certain clinical signs of hyperthyroidism, thus abrupt withdrawal:of propranolal 
may be followed by an exacerbation of symptoms of hyperthyroidism, including thyroid storm. Propranolol may change thyroid 
function tests, increasing T4 and reverse Th, and decreasing Ta. 
IN PATIENTS WOLFF-PARKINSON-WHITE SYNDROME, severa! cases have been reported in which, aller propranoldl, 
tachycardia was replaced by severe bradycardia requiring a demand pacemaker. in one case this resulted alter an initial dose of 
5 mg propranolol 
PRECAUTIONS. GENERAL: Use with caution in patients with impaired hepatic or renal function. INDERAL is not indicated! far 
the treatment of hypertensive emergencies. 
Beta-adrenoreceptor blockade can cause reduction of intraocular pressure, Patients should be told that INDERAL may intertera 
with the glaucoma screening test. Withdrawal may lead to a return of increased intraocular pressure. i 
CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart disease, elevated serum transaminase, 
alkaline phosphatase, lactate dehydrogenase. 
DRUG INTERACTIONS: Patients receiving calecholamine-depleting drugs such as reserpine should be closely observed if 
INDERAL is administered. The added catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity resulting in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic hypotension. 
Caution should be exercised when patients receiving a beta blocker are administered a calcium-channel-blacking drug, 
especially intravenous verapamil, as both agents may depress myocardial contractility or atrioventricular conduction. On rare. 
occasions, the concomitant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, especially. 
in patients with severe cardiomyopathy, congestive heart faliure or recent myocardial infarction : 
Aluminum hydroxide ge! greatly reduces intestinal absorption of proprancto! 
Ethanol siows the rate of absorption of propranolol. 

enytoin, phenobarbitone, and rifampin accelerate proprancio! clearance. 
Chiorpromazine, when used concomitantly with propranolol, results in increased plasma levels of both drugs 
Antipyring and lidocaine have reduced clearance when used concomitantly with propranoio!. 
Thyroxine may result in a lower than expected Ta concentration when used concomitantly with propranolol. 
Cimetidine decteases the hepatic metabolism of propranolol, delaying elimination and increasing blood levels. 
Theophylline clearance is reduced when used concomitantly with propranolol 
CARCINOGENESIS, MUTAGENESIS. IMPAIRMENT OF FERTILITY: There was no evidence of significant drug-induced toxicity itt 
rats or mice, employing doses up to 150 mg/kg/day over an 18-month period. There were no drug-related tumorigenic effects at 
any dosage levels. No impairment of fertility attributable to the drug was seen in animal reproductive studies. : 
PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animat studies at doses about 10 times 
greater than the maximum recommended human dose. There are no adequate and well-controlled studies in pregnant women. 
Use during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
NURSING MOTHERS: INDERAL is excreted in human milk, Exercise caution when INDERAL is administered to a nursing 
woman 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely required the withdrawal ol therapy: 
Cardiovascular: Bradycardia: congestive heart failure; intensification of AV block, hypotension; paresthesia of hands’ 
thrombocytopenic purpura; arteria! insufficiency, usually of the Raynaud type 
Central Nervous System: (ight-headecness, mental depression manifested by insomnia, lassitude, weakness, fatigue; reversible 
mental depression progressing to catatonia; visual disturbances: hallucinations, vivid dreams: an acute reversible syndrome 
characterized by disorientation for time and place, short-term memory loss, emotional lability, slightly clouded sensonuni, and. 
decreased performance on neuropsychometrics. For immediate formulations, fatigue, lethargy, and vivid dreams appear dose 
related 
Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, constipation, mesenteric anetial 
fhrombasis, ischemic colitis. 
Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress 
Respiratory. Bronchospasm. 
Hematologic: Agranuiocytesis. nonthrombocytopenic purpura. thrombocytopenic purpura 
Aufo-/mmune: In extremely rare instances, systemic lupus erythematosus has been reported 





DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride ina 
admunistralion ance daily. f patients are switched from INDERAL Tablets to INDERAL LAE: 
assure thal the desired therapeutic effect is maintained. INDERAL LA should not be considgféd 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitgati 
maintain elfectiveness at the end of the 24-hour dosing interval. d 
For management of hypertension, angina pectoris, migraine, and hypertrophic 9 
individualized. Usual initia! dose is 80 mg once daily. 3 
it treatment is to be discontinued, reduce dosage gradually over a pened ol a few weeks ge W 
PEDIATRIC DOSAGE ~ Al this time the dafa on the use of the drug in this age group are tog 
for use. 
OVERDOSAGE. INDERAL is not significantly dialyzable. IE ingestion is. or may have been, ebay, 
taking care lo prevent pulmonary aspiration. l pE 
BRADYCARDIA: Administer atropine (0.25 to 1.0 mg}: if no response fo vagal blockade. administer isoproterenol cautiously: 
CARDIAC FAILURE: digitalization and diuretics. HYPOTENSION: vasopressors, 09, levarterencl or epinephrine (there is evidence: 
thal epinephrine is the drug of choice}. BRONCHOSPASM: administer isoproterenol and.actinophylline. 

The appearance of these capsules is a registered trademark of Ayers! Laboratories. 
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migraine... 





“Violent Passages’ is a time-lapse 
portrayal by Louise Woodard depicting 
her own migraine headache sequence as 


E a 
she sees it. Her work focuses on the pain 
surrounding her eye and the confusion 
she feels as a result of the migraine. 
f ti 


Migraine. It’s agonizing, debilitating, unpredictable. And abortive 
therapies often provide inadequate relief or cause troublesome 
side effects for your patients. 


Proven qd prophylaxis at recommended doses. 


Only INDERAL® LA provides once-daily preventive therapy— 

to significantly reduce both frequency and severity of common 
migraine. Start with 80 mg/day and titrate to an effective dose 
— usually 160 to 240 mg once daily. 


Well-tclerated, long-term efficacy. 


For patients whose day-to-day lives are undermined by anticipa- 
tion of migraine, INDERAL LA can offer an improved sense of 
control. Because the only thing worse than the pain of migraine 
is the threat of it. 





ONCE-DAILY 





(PROPRANOLOL HCl) one 
Another day without migraine. 





Please see next page for brief summary of prescribing information. 


E INDERAL LA should not be used in the presence of congestive heart failure, sinus bradycardia, 
“gardiogenic shock, heart block greater than first degree. and bronchial asthma. © 1991, Wyeth-Ayerst Laboratories. 
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CAPSULES 





30 ms 


REDUCES INCIDENCE OF CEREBRAL 
NFARCTION IN PATIENTS FOLLOWING 
= SUBARACHNOID HEMORRHAGE | 


n the largest study to date, NIMOTOP demonstrated a significant 
eduction in incidence of cerebral infarction! 


E Twenty-two percent (61/278) of NIMOTOP-treated patients experienced cerebral infarction vs. 
33% (92/276) of controls 


E NIMOTOP reduced the incidence of cerebral infarction by 34% 


“hirty-four percent reduction in incidence of cerebral infarction with 
UIMOTOP-treated patients vs. controls (n=554; p=0.003)'* 


Controls with . bats ‘ , 
n cabral #90% of patients in this study were 


infarction Hunt and Hess Grades LH. 


: ; Dose: 60 mg (two 30 mg liquid-filled capsules) 
SE ae every 4 hours for 21 days commencing 
- NIMOTOP-treated = LI’ g within 96 hours of SAH. 


patients with 


Adapted from Pickard, et al. 





NIMOTOP modulates calcium influx to promote cerebral perfusion, © 
ind may directly protect neurons?’ 


[In animals] The beneficial cytoprotective effect of nimodipine, probably related to normalization 
f calcium homeostasis and blood-brain barrier permeability after ischemia, may reflect both 
ascular and cellular sites of action. ”® 

azarewicz JW, et al. Stroke 1989. 






[In humans] The data thus suggest that nimodipine neither prevents nor reverses cerebral 
asospasm. Calcium channel blockers such as nimodipine may have an effect on cerebral arterioles 
nat are below the limits of resolution of angiography. ....”! 
'ickard JD, et al. Br Med J 1989. 
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-NIMOTOP REDUCES THE INCIDENCE OF CEREBRAL 
NFARCTION FOLLOWING SUBARACHNOID HEMORRHAGI 


AOTOP® (nimodipine/Miles) CAPSULES 
Oral Use 


MCATIONS AND USAGE 

limotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
wing subarachnoid her age from ruptured congenital intracranial aneurysms in patients 
ate it: good neurological condition post-ictus (e.g. Hunt and Hess Grades HII). Oral 
wenoee therapy should begin within 96 hours of the subarachnoid hemorrhage and continue 
th days. 


NTRAINDICATIONS 
lone known. 
3CAUTIONS 
lenéral: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
anel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
fe given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
vd pressure and about t% left the study because of this (not all could be attributed to 
adipine), Nevertheless, blood pressure should be carefully monitored during treatment with 
rotop® based on its known pharmacology and the known effects of calcium channel blockers. 
lepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
‘tion, Such patients should have their blood pressure and pulse rate monitored closely and 
ild be given a lower dose (see Dosage and Administration). 
aboratory Test Interactions: None known. 
Irug Interaction: It is possible that the cardiovascular action of other calcium channel 
kers could be enhanced by the addition of Nimotop®. 
i Europe, Nimotop? was observed to occasionally intensify the effect of antihypertensive 
ipounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
geared in Nonh seen clinical a ee ie i 
‘arcinogenesis, Mutagenesis, Impairment rtility: In a two-year study, higher incidences 
denocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
© containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
xin placebo controls. The differences were not statistically significant; however, the higher 
swere well within historical control range for these tumors in the Wistar strain. Nimodipine 
found not tobe carcinogenic in a 9l-week mouse study but the high dose of 1800 ppm 
ddipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
‘agenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 
limodipine did not impair the fertility and general reproductive performance of male and 
ale Wistar rats following oral doses of up to 30 aiiglady when administered daily for more 
a 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
maney: This dose in a ratis about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg 
ent.” 
ancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 

limalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by 
ee) doses of land 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
i. ‘day in one of two identical rabbit studies. In the second study an increased incidence 
tunted fetuses. was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryo- 
¢, Causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
tilstered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
ng/ke/day nimodipine administered by gavage from day 16 of gestation and continued until 
ifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
etal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
well controlled studies in. pregnant women to directly assess the effect on human fetuses. 
adi inp should be used during pregnancy only if the potential benefit justifies the potential 
to the fetus. 
lursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
oncentrations much higher than in maternal plasma. It is not known whether the drug is 
reted ini human milk. Because many drugs are excreted in human milk, nursing mothers are 
ised not to breast feed their babies when taking the drug. 
ediatric Use: Safety and effectiveness in children have not been established. 
IVERSE REACTIONS 
\dvetse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
2%) who were given nimodipine. The most frequently reported adverse experience was 
reased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
ents also reported adverse experiences. The events reported with a frequency greater than 1% 







displayed below by dose. 
DOSE 
Number of Paas {%) 
Nimodipine Placebo 
; 0.35 mg/kg . 30mg 60 mg 90 mg 120 mg 
a/Symptom (n= 82) (n= 71) (n= 494) (n= 172) (n= 4) (n= 479) 
teased 
lood Pressure {£2} ü 19 (3.8) 14 (8.1) 2{(50.0 6{12) 
normal Liver 
unction Test 112) 0 2 (0.4) 1(0.6) 0 71.5) 
ma 0 o (0.4) Z(L2) 0 3 (0.6) 
rebea Q 344.2) 9 317) 0 3 (0.6) 
ho 2(2.4) 0 3 (0.6) 2(12) 0 3 (0.6) 
idache Q t{1L4) 6{1.2) Q Q 1 (0.2) 
trointestinal : 
242.4) Q 0 2(42) 0 0 


ymptoms 


une 1990, Miles Inc. 











DOSE q¢h 
Number of Patients (%) 
Nimodipine Placel 
0.35 mg/kg 30mg 6 mg 90 mg 120 mg 
Sign/Symptom {n=82) (n=71) (n=494) (n= 172) (n=4) (n= 4 
Nausea 1 (1.2) 1 (14) 6 (12) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 
EK 
Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
Tachycardia 0 1(14) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 (t 
Acne 0 1 (1.4) 0 0 ð 0 
Depression 0 1(1.4) 0 0 0 ($) 


There were no other adverse experiences reported by the patients who were given 0.35 mg 
gih, 30 mg a4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% ini 
mg qth dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytoper 
anemia; palpitations; vomiting; flushing; daphoreais wheezing; phenytoin toxicity; lighth 
dedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group wi 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiti 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; dissemina 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based 
increased incidence with higher dose or a higher rate compared to placebo control, inclu 
decreased blood pressure, edema and headaches which are known pharmacologic action: 
calcium channel Perey It must be noted, however, that SAH is frequently accompaniec 
alterations in consciousness which lead to an under reporting of adverse experiences. Patie 
who received nimodipine in clinical trials for other indications polars ¥ flushing (2.1! 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. 4 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure 
susceptible patients or to interfere with A-V conduction, but these events were not observed 

No clinically significant effects on hematologic factors, renal or hepatic function or carbo 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-f 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet cou 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0. Bog) have bi 
reported rarely. 

OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Syr 
toms of overdosage would be expected bi be related to cardiovascular effects such as excess 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotens 
due to Nimotop overdosage may require active cardiovascular support. Norepinephrine 
dopamine may be helpful in restoring blood pressure. Since Nimotop” is highly protein-bou 
dialysis is not likely to be of benefit. 

DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subara 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. C 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscic 
ahole should be made in both ends of the capsule with an 18 gauge needle, and the contents of 
capsule extracted into a syringe. The contents should then be emptied into the patient's in 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Parients with hepatic failure have substantially reduced clearance and approximately dout 
Cop, Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood press 
a eart rate. 
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MILES 


Manufactured by: Miles Inc. Encapsulated by: R.F. Scherer North Ameri 





Pharmaceutical Division Division of R.P. Scherer Cc 
400 Morgan Lane Clearwater, FL 33518 
West Haven, CT 06516 
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Tegretol® 


carbamazepine USP 
Chawabie Tablets of 100 mg—red-speckied. pink Tablets of 200 mg—pink 


WARNING ] 


APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS tS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS iN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME. HOWEVER, THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOS!S AND APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES OB- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS. COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITORED CLOSELY. DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED iF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 














Balora prescribing Tegretol, the physician should be thoroughly tamiliar with the 
details of this prescribing Information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 


DESCRIPTION 
Tegretol, carbamazepine USP. 1s an anticonvulsant and specitic analgesic tor trigeminal 
neuraigia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is SH-dibenzib t]azepine-S-carboxamide. and tts struc- 
tural formuta is 


N 
| 
CONH? 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble ın alcohol and in acetone Its molecular weight 1$ 236.27 
Inactive ingredients. Colloidal silicon dioxide. FD&C Red No 3 (chewable tablets only). 
FO&C Red No 40 (200-mg tabiets only}. flavoring (chewable tablets only), gelatin 
Glycerin, magnesium stearate, sodium starch glycolate (chewable tablets only:, starch 
stearic acid, and sucrose {chewable tablets only) 


CLINICAL PHARMACOLOGY 
in controlled clinical tnais. Tegretol has beer shown to be effective in the treatment of 
psychomotor and grand mai seizures. as wel! as trigeminal neuralgia 

it has demonstrated anticonvuisant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the post-tetanic potentiation Tegreto! greatly reduces or abolishes pain induced 
by stimulation of the intraorbital nerve in cats and rats. it depresses thaiamic potential and 
bulbar and potysynaptic retlexes, inciuding the imguomandibular rettex in cats. Tegretol is 
chemically unrelated to other anticonyuisants or other drugs used to control the pain of 
trigeminal neuralgia The mechanism of achon remains unknown 

Tegretol tablets are adequately absorbed after ora! administration at a slower rate than a 
solution. thus avoiding undesirably high peak concentrations Tegretol chewabie tablets 
may produce higher peak levels than the same dose given as regulas tablets Tegreto! in 
diood is 76% bound to plasma proteins. Plasma jevels of Tegretoi are variable and may 
range from 0.5-25 ug/ml, with no apparent relationship to the daily intake of me drug 
Usual adult therapeutic levels are between 4 and 12 g/m! Following orai administration 
serum levels peak at 4 to $ hours The CSt/serum ratio is 0 22. similar to che 22% 
unbound Tegretol in serum Because Tegreta! may induce tts own metabolism. the hait-iite 
48 also variable. Initial halt-life vaiues range trom 25-65 hours. with 12-17 hours on 
repeated doses Tegretol is metabolized in the iwer After oral administration of 14C-carba~ 
mazepine. 72% of the administered radioactivity was found in the unne and 28% in the 
faces This urinary radioactivity was composed largely of hydroxylated and conjugated 
metabolites. with only 3% ot unchanged Tegretol Transplacenta! passage of Tegretol 1s 
rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues. with nigher levels 
found in fiver and kidney than itt brain and jungs. 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was denved trom active drug-controfiec studies 
that enrolled patients with the following seure types: 
1 Partial seizures with complex symptomatology (psychomotor, temporal tobe) Patients 
with these seizures appear t0 show greater improvement than those with other types 
2 Generalized tonic-clomc seizures {grand mai) 
3. Mixed seizure patterns which inciude the above. or other partial or generalized 
seizures 

Absence seizures (petit mal} do not appear to be controlled by Tegreto! (see PRECAU- 
TIONS, General) 
Trigeminal Neuraigia: Tegretol ıs indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal seuraiga 

This drug is not a simple analgesic and shouid not de used for the reet of triviai aches or 
pains 
CONTRAIMDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug. or known sensitivity to any of the tricyclic compounds, such 
25 amitriptyline. desipramine, imipramine. protriptyline. nortriptyline. ete Likewise. on 
tneoretical grounds its use with monoamine oxdase inhibitors is not recommended. 
Before administration of Tegretol. MAQ inhibitors should be discontinued far a minimum 
of fourteen days. or longer if the clinical situation permits 


WARNINGS 
Patients with a history of adverse hematologic reachon to any drug may de particularly at 
tisk 

Severe dermatologic reactions incivding toxic epiderma! necrolysis (Lyeit’s syndrome! 
and Stevens-Johnson syndrome. have been reported with Tegretol These reachcns have 
been extremely rare. However, a few fatalines have Deen reported 

Tegreto! has shown mild anticholinergic activity: therefore, patients with increased 
intraocular pressure should be closely observed during therapy 

Because ot the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and. in elderly patients, ot confusion or agitation should be 
borne n ming 


PRECAUTIONS 
General: Before initiating therapy, a detatied history and physical examination should be 
made 

Tagretot shouid be used with caution in patients with a mixed seizure disorder that 
includes atypecal absence seizures, since in these pahents Tegretol has been associated 
with increased frequency of generatized convulsions (see INDICATIONS AND USAGE} 

Therapy should be prescribed onty after critica! beneftt-to-risk appraisal in patients with 
à fustory of cardiac. hepatic of renal damage. adverse hematologic reaction $o other 
drugs, or wmerrupted courses of therapy with Tegreto! 
intormation tor Patients: Patients shouid be made aware of the early toxic signs and 
symptoms of a potential hematologic probiem. such as fever. sore throat. uicers in the 
mouth. easy bruising, petechtal or purpurie hemorrhage. and shouid be advised to repor! 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur. pahents should be cauhoned about the 
hazards of operating machinery of automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment biood counts. including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline if a patent in the course of 
treatment exhibits low or decreased white diood celi or platelet counts. the paten: should 


be monitored cicsety. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression deveiops 

Baseline and penodic evaluations of liver function particularly in patients witha history 
of ver disease. must be performed dunng treatment with this drug since liver damage 
may occur. The drug shouid be discontinued :mmediately in cases of aggravated ‘ver 
dysfunchon or active liver disease 

Baseline and penodic eye examinations. :nciuding sit-lamp. funduscopy and tonome- 
try. are recommended since many phenothsazines and related drugs have been shown to 
cause eye changes 

Baseline and perodic complete unnatysis and BUN determinations are recommended 
tor patients treated with this agent because of observed renal dysfunction 

Monitonng of dined ievels (see CLINICAL PHARMACOLOGY) has increased the stticacy 
and salety of anticonvulsants This monitonng may be particularly uselul in cases of 
dramatic increase in segure frequency and for verstication of compliance in addition 
Measurement of drug serum ievels may aid 19 determining tne cause of toxicity when more 
than one medication is being used 

Thyroid functon tests have Been reported to show decreased values with Tegretol 
administered atone 

Hyponatremia fas been reported m association with Tegretot use. ether alone or m 
combination with other drugs 
Drug interactions: The simultaneous administration of phenobarbital, phenytoin. or 
pramidone. or a combination of two produces a marked lowering of serum levels of 
Tegretot The effect of valproic acid on Tegreto! biood levels 5 not clearly established 
although an increase in the ratio of active 10. 11-epoxide metabolite to parent compound :S 
a consistent hnding 

The nait-ives of phenytoin. wartann, doxycycline and theophylline were signihcantiy 
shortened when administered concurrently with Tegretol Hatopendol and valproic acid 
‘serum levels may de reduced when these drugs are adminsstered with Tegreto! The doses 
of these drugs may therefore have to be sscreased when Tegretol is added to the 
therapeutic regimen 

Concomitant adminstration of Tegretoi with erythromycin, cimetidine. propoxyphene. 
ssOmazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity n some cases Also. concomitant admimstration of 
carbamazepine and lithium may increase the rsk of neurotoxic side eflects: 

Alterations of thyroid function have been reported n combination therapy with other 
anhconvuisant medications 

Breakthrough bieeding has been reported among patients receiving concomitant orai 
contraceptives and their retiability may be adversety affected 
Carcinogenesis. Mutagenesis, impairment of Fertility: Carbamazepine, when adminis- 
tered to Sprague-Dawley rats for two years in the diet at doses of 25. 75, and 250 
mg/kg/day. resulted :n a dose-related increase in the incidence of hepatocellular tumors in 
temaies and of benign interstitial celi adenomas in the testes ot males 

Carbamazepine must. therefore. be considered to be carcinogenic in Sprague-Dawley 
rats. Bacteniai and mammalian mutagenicity studies using carbamazepine produced 
negative results The signdicance of these findings relative to the use of carbamazepine sn 
humans is. at present. unknown 
Pregnancy Category C: Tegretol has been shown tc have adverse effects in reproduction 
‘studies in rats when given orally in dosages 10-25 umes the maximum human daty dosage 
of 1200 mg. In rat teratology studies. 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 at 119 offspring at 650 mg/kg showed other anomaives (cleft palate. T. talipes. 1 
anophthaimos. 2) in reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternai dosage level of 200 mg/kg 

‘There are no adequate and well-contralied studies in pregnant women Epidemiological 
data suggest that there may de an association between the use of carbamazepine duting 
pregnancy and congenita! malformations, inciuding spina bifida Tegretol shouid be used 
during pregnancy oniy if the potential seneti? justities the potential risk to the fetus 

Retrospective case reviews suggest that. compared with monotherapy. there may De 2 
higher prevalence of teratogenic effects associated with the use of anticonvuisants in 
combination therapy Therefore, monotherapy is recommended tor pregnant women 


Only TEGRETOL, 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet. 





Itis important to note that anticonveisant drugs shouid not be discontinued in pahents 
in whom the drug :s administered to prevent mayor seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to iite. in 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient. discontinuation of the 
drug may be considered pnor to and during pregnancy. although it cannot be said with any 
contidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretof in milk is approximately 60% 
of the maternai plasma concentration 

Because of the potentia! tor serious adverse reactions in nursing infants trom cat 
hamazepine, a decision shouid be made whether to discontinue nursing oF to discontinue 
the drug. taking into account the importance of the drug to the mother 
Pediatric Use: Safety and effectiveness in children below the age of 6 years have not been 
estabiisned 


ADVERSE REACTIONS 

it adverse reachans are of such Severity that the drug must be discontinued. the physician 
Must be aware that abrupt discontinuation of any anticonvulsant drug im a responsive 
epileptic patent may tead to seizures or even status eptiepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system isee 
boxed WARNING). the skin and the cardiovascular system 

The most trequently observed adverse reactions. particularly during the inmtiai phases of 
therapy. are dizziness, drowsiness. unsteadiness nausea. and vomiting To minimize the 
possibility of such reactions, therapy should be suhated at the iow dosage recommended 

The fotfowing additonal adverse reactions have Deen reported 
Hemoporenc System Aplastic anemia. agranulocytosis. pancytopenia. Done marrow 
depression, thrombocytopenia. leukopenia. reukocytosis. eosinophilia. acute mtermittent 
porphyria 
Skin’ Prunihe and erythematous rashes, urticaria. toxic epidermal necrolysis (Lysis 
syndrome) (see WARNINGS). Stevens-Johnson syndrome isee WARNINGS}, photosen- 
Sitwvity reachons. alterations in skin pigmentation exfoliative dermatitis. erythema mutti- 
forme and nodosum. purpura. aggravation of disseminated lupus erythematosus 
alopecia, and diaphoresis. in certain cases. discontinuation of therapy may be necessary 
Cardiovascular System. Congestive heart faure edema. aggtavation of hypertension 
hypotension. syncope and collapse. aggravation of coronary artery disease. arrhythmias 
ang AV block. primary thrombophlebitis. recurrence of thrombophiebitis. and adenopathy 
or ymphadenopathy 

Some of these cardiovascular complications have resuited in fatalities Myocardial 
infarchon has been associated with other tricyclic compounds: 
aver. Abnormaiites in fiver function tests cholestatic and hepatocetiuias jaundice 
hepatitis: 

Respiratory System Puimanary hypersensitivity characterized dy tever. dyspnea. pneu- 
monitis or pneumonia 

Genitourinary System Unnary frequency, acute urinary retention. oligunia with elevated 
bicog pressure. azotemia, renal failure. and impotence Albuminuria. glycosuria. elevated 
BUN and microscopic deposits in the unne have aiso been reported. 

Testicular atrophy occurred in rats receiving Tegreto: oraily from 4 te 52 weeks at dosage 

jevels of 50 to 400 mg/kg/day. Additionally. rats recewing Tegretot in the diet tor two years 
at dosage levels ot 25. 75. and 250 mg/kg/day nad 2 dose-related incidence of testicular 
atrophy and aspermatogenesis in dogs. f produced a brownish discoloration. presum- 
ably a metaboide. in the unnary bladder at dosage ievels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown. 
Nervous System Dizziness. drowsiness. disturbances ot coordination, confusion. head- 
ache. tatgue. Diurred vision. visuai haliucinatons. transient dpiopia, oculomotor distur- 
Dances. nystagmus. speech disturbances. abnormai involuntary movements. penpherat 
neurts and paresthesias. depression with agitation. talkativeness. tinnitus. and 
hyperacusis 

‘There have been reports of associated paralysis and other symptoms of cerebrai arteriat 
insufhciency. but the exact relationsh:p af these reactions to the drug has not been 
established 
Digestrve System Nausea. vomiting. gastric distress and abdominal pain. diarrhea consti 
pation. anorexia. and dryness of the mouth and pharynx. saciuding glossitis and stomatitis 


fyes Scattered. punctate, cortical lens opacities, as well as conjunctivitis have been 
reported Although a direct causa! relationship has not been established, many prhe- 
nothiazines and related drugs Bave been shown to cause eye changes 
Muscuioskeietai System Aching joints and muscles. and leg cramps 
Metabolism Fever and chiiis inappropriate antidutetic hormone (ADH) secretion syn- 
drome has been reported. Cases of trank water intomcation. with decreased serum sodium 
(hyponatremia) and confusion have been reported n association with Tegretol use isee 
PRECAUTIONS. Laboratory Tests) 
Other isolated cases of a lupus erythematosus-iike syndrome ave been reported There 
have been occasonai reports of elevated levels of cholestero!. HDL cholestero! and 
tngiycerides in patents taking anticonvulsants 

A case of aseptic meningitis. accompanied by myocionus and peripheral eosinophiia 
has been reported n a patient taking carbamazepine in combination with other medica- 
kons The patent was successtully dechatienged. and the meningitis reappeared upon 
rechalienge with carbamazepine 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potennat nas been associated with Tegretol. nor is there evidence of 
psychological of physica! dependence in humans. 


OVERDOSAGE 
Acute Toxicity 
Lowest known jethai dose: adults, >60 g (39-year-aid man} Highest known doses 
survived adults. 30 g (31-year-old woman), chidren 10 g (6-yeat-aid boy), smait 
chidren. 5 g (3-yeat-oid girl) 

Oral LD5Qin animals img/kg) mice, 1100-3780 rats, 3850-4025, rabbits. 1500-2680 
guinea pigs 920 
Signs and Symptoms 
The first signs and symptoms aapear after 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generaily mider, and severe cardiac com- 
plications occur onty when very high doses (>60 g) have been ingested 
Respiration irreguiat breathing respiratory depression 
Cardiovascular System Tachycardia. hypotension or hypertension, shock conduction 
disorders 
Nervous System and Muscles impairment af consciousness ranging in seventy to deep 
coma Convulsions. especially n smali children Motor restiessness. muscular twitching 
tremor. athetod movements. apisthotonos. ataxia. drowsiness. dizziness. mydriasis 
nystagmus, adiadochokinesia. ballism, psychomotor disturbances dysmetna ininai 
hypertetlexia. tallowed by hyporetiexia 
Gastromtestinai Tract Nausea. vomiting 
Kidneys and Bladder Anuna or oliguria, ufinary tetenton 
Laboratory Findings isolated nstances of overdosage have included leukocytosis. re- 
duced leukocyte count. giycosena and acetonuna EEG may show dysrhythmias 
Combined Poisoning When alcohol, tricycle antidepressants. barbiturates or hydantoins 
are taken af the same ime. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated of modiied 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt ekmination 
ofthe drug which may de achieved by ducing vomiting. inngating the stomach, and by 
taking appropriate steps to dimensh absorption if these measures cannot be impiemented 
without risk on the spot. the patient should be transterred at once to a hospital, wnvie 
ensuring that vital functions are safeguarded There rs no specific antidote 
Efmimation of the Drug Inducwon of vomiting 

Gastric lavage Even when more than 4 hours have eiapsed following ingestion of the 
drug. the stomach shouid be repeatedly irrigated. especially if the patient nas also 
consumed alcoho! 
Measures to Reduce Absorption Activated charcoal, laxatives 
Measures to Accelerate Elminanon Forced diuresis 

Dialysis is indicated oniy in severe poisoning associated with renai failure Replacement 
transfusion 1s indicated in severe poisoning i smali chagren 
Respiratory Depression Keep the airways free: resort. if necessary, to endotracheal 
intubanon, articial respiration and administration of oxygen 
Hypotension, Shock Keep the datient’s legs raised and administer a plasma expander if 
diood pressure fails to nse despite measures taken to increase plasma volume. use of 
vasoactive substances should he considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especialy in 
children}, hypotension. and coma However, barbiturates snauid not be used if drugs that 
inhibit monoamine Oxidase Nave aiso been taken by the patent either in overdosage or in 
recent therapy (wittin one week) 
Surveiiance Respiration. cardiac tunction (ECG monitoring), blood pressure. body tem- 
perature. pupiliary reliexes. and kidney and bladder tunchon should de monitored tor 
several days 
Treatment of Blood Court Abnormalities if evidence of significant Done marrow depres- 
sion develops. the following recommendations are suggested’ (1) stop the drug. (2) 
pertorm daily CBC. platelet and reticulocyte counts. (3) do a Done marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studes might de neipful as follows (1) white cell and platelet anti- 
bodies. (2) 59Fe—terrosinetic studies. (3) peripnerat blood cel! typing, (4) cytogenetic 
Studies on marrow and peripheral bigod. (5) bone marrow culture studies for colony- 
forming units. (6) hemogigdin stectrophoresis tor Aa and F nemogiobin. and (7) serum 
folie acid and Byo levels 

A tuily developed aplastic aremia will require appropriate. intensive monitoring and 
therapy. for which specialized consultation should be sought 


DOSAGE AND ADMINISTRATION 

Monitoring of blood ievels nas sacteased the etficacy and satety of anticonvulsants isee 
PRECAUTIONS. Laboratory Tests) Dosage shouid be adjusted to the needs of the individ- 
ual patient A low mial daly dosage with a gradual increase 1s advised As soon as 
adequate control is achieved. the dosage may be reduced very gradually to the minimum 
effective levei Tablets should be taken with meais 

Epilepsy (see INDICATIONS AND USAGE) 

Adults and children over 12 years of age—initial: 200 mg bı d increase at weekly 
intervals by adding up fo 200 mg per day using at:d arg: d regimen unti the best 
response ts obtained Dosage shouid generally not exceed 1000 mg daily in children 12 to 
TS years of age and 1200 mg daily in patients above 15 years of age Dases up to 1600 mg 
daily have been used in adults i rare instances Maintenance: Adjust dosage to the 
minimum effective levei usuafiy 800-1200 mg daily 

Children 6-12 years of age— initial: 100 mg b i.d increase at weekly intervals by adding 
100 mg per day using ati d org 1d regimen unti the Dest response is obtained Dosage 
Should generally not exceed 1000 mg Maintenance: Adjust dosage 10 the minimum 
effective ievel. usually 400-800 ng daily 

Combination Therapy: Tegretol may be used alone of with other anticonvulsants When 
added to existing anconvuisant therapy, the drug should be added graduaily while the other 
anticonvulsants are mantained cr gradually decreased. except phenytoin, which may have 
to de increased isee PRECAUTIONS. Drug Interactions and Pregnancy Category C) 
Trigeminal Neuraigia (see INDICATIONS AND USAGE) 

Initial: 100 mg bs Gon the firs: day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
Needed to achieve treedam from pain. Do not exceed 1200 mig daily. 

Maintenance: Controi ot pain can be maintained in most patients with 400 mg to 800 mg 
daily However. some patients may be maintained of as ittie as 200 mg daily, while others 
may require as much as 1200 mg daily. Al least once every 3 months throughout the 
treatment period. attempts shovid be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 

HOW SUPPLIED 

Chewable Tablets 100 mg—rosnd. red-speckied. pink, singie-scored (imprinted Tegreto! 
on one side and 52 twice on the scored side} 


Botties of 100 NOC 0028-0052-07 
Unit Dose (blister pack) 

Box at 100 

istnps of 10) NOC 0028-0052-61 


Tablets 200 mg—capsute-shaped. pink. singie-scored imprinted Tegretol on one side 
and 27 twice on the scored side! 

Botties of 100 

Bottles of 1000 
Gy-Pak*—One Umt 

12 botties— 100 tablets each 
Unit Dose (blister pack) 

Box of 100 

{strips of 10) NOC 0028-0027-81 
Samples. when avaiable. are identified by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense i tight container {USP} 
Also available as Tegretol suspension 100 mg/S mi, in 450 m bottes 


Prnted in USA 


NOC 0028-0027-01 
NDE 0028-0027-10 


NOC 0028-0027-65 
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March 7-9 


14-16 


April 6 


27-28 
29-May 5 
May 6-8 


7-10 


16-18 
17-18 


27-29 
30-June 1 


June 1-6 


19-22 


21-23 
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CALENDAR OF MEETINGS 


“Recent Advances in Geriatric Medicine, New Treatment Options for Old Problems,” The Pan Pa- 
cific Hotel, San Diego, Calif. Contact Cass Jones, Professional Conference Management Inc, 7916 
Convoy Ct, San Diego, CA 92111; (619) 565-9921. 

“Brain Chemistry and Behavior: Advances in Positron Emission Tomography and Single Photon 
Emission Tomography Imaging,” Baltimore, Md. Contact Patty Campbell, Program Coordinator, The 
Johns Hopkins Medical institutions, Office of Continuing Education, 720 Rutland Ave, Baltimore, MD 
21205; (301) 955-3839. 

Fifth Annual Magnetic Resonance Imaging Conference, Marriott’s Camelback Inn, Scottsdale, Ariz. 
Contact Kevin King, Education Coordinator, Radiologic Education Center, St Joseph's Hospital and 
Medical Center, 350 W Thomas Rd, Phoenix, AZ 85013; (602) 285-3956. 

The Eighth Conference of the Southeast European Society for Neurology and Psychiatry, Jerus- 
alem, israel. Contact Shaul Feldman, MD, PO Box 50006, Tel Aviv 61500, israel. 

24th Latin American Congress of Neurosurgery, Miami, Fla. Contact Sergio Gonzalez-Arias, MD, 
8950 N Kendall Dr, Suite 406, Miami, FL 33176; (305) 27 1-6159. 

“Spectrum of Developmental Disabilities: Cerebral Palsy: issues of Early Detection and Interven- 
tion,” The Johns Hopkins Medical Institutions, Baltimore, Md. Contact Program Coordinator, The 
Johns Hopkins Medical Institutions, Office of Continuing Education, Turner Bidg, 720 Rutland Ave, 
Baltimore, MD 21205; (301) 955-2959. 

“Recent Advances in Neurology and Neurosurgery,” Scottsdale, Ariz. Contact Toby A. Jardine, 
Manager, Administration, Barrow Neurological Institute, 350 W Thomas Rd, Phoenix, AZ 85013; 
(602) 285-3178. 

Cervical and Lumbar Spine: State of the Art '91, Hyatt Regency Embarcadero, San Francisco, 
Calif. Contact the San Francisco Spine Institute, 1850 Sullivan Ave, Suite 140, Daly City, CA 94015; 
(415) 991-6761. 

“Child Neuropsychology: Cognitive Development and Disorder.” New York (NY) University Medical 
Center. Contact Karen Webb, PhD, New York Neuropsychology Group, Mount Sinai Medical Cen- 
ter, 19 E 98th St, Box 1228, New York, NY 10029; (212) 241-6148. 

The Second Annual Postgraduate Electromyography Review Course, lowa City, lowa. Contact 
Deborah L. Hatz, Program Coordinator, University of lowa College of Medicine, lowa City, IA 52242; 
(319) 335-8598. 

43rd Annual Meeting of the American Academy of Neurology, Hynes Convention Center, Boston, 
Mass. Contact American Academy of Neurology, 2221 University Ave SE, Suite 335, Minneapolis, 
MN 55414; (612) 623-8115. 

The Annual Meeting of the World Federation of Neurology Research Group on Neuroepidemiology, 
Boston, Mass. Contact Gustavo C. Roman, Chief, Neuroepidemiology Branch, Federal Building, 
Room 714, 7550 Wisconsin Ave, National Institutes of Health, Bethesda, MD 20892; (301) 496- 
1714. 

1981 Neuroradiology Review Course, Oak Brook (lli) Hills Hote! and Conference Center. Contact 
Continuing Medical Education, Loyola University Stritch School of Medicine, 2160 S First Ave, 
Maywood, IL 60153; (708) 216-3236. 

Advances in Internal Medicine, The Towsley Center, Ann Arbor, Mich. Contact Julie Jacobs, Office 
of Continuing Medical Education, G- 1100 Towsley Center, Box 0201, University of Michigan Med- 
ical School, Ann Arbor, Mi 48109-0201; (313) 763-1400. 

“‘Neurotoxins and Their Potential Role in Neurodegeneration,’’ Adams Mark Hotel, Philadelphia, Pa. 
Contact Marketing Department, The New York Academy of Sciences, 2 E 63rd St, New York, NY 
10021; (212) 838-0230. 

Ecuadoran Society of Neurology, Quito, Ecuador. Contact Ecuadoran Society of Neurology, PO Box 
2821, Quito, Ecuador. 

“Neurosurgical /Neurological Intensive Care: Update and Review,” The Cleveland (Ohio) Clinic 
Foundation. Contact The Cleveland Clinic Foundation, Department of Continuing Education, 9500 
Euclid Ave, Room TT-31, Cleveland, OH 44195-5241; 1-800-762-8173. 

“Pediatric Neurology for the '90’s,’’ Wilmington, Del. Contact Jeanne Cole, Continuing Medical Ed- 
ucation Office, Alfred |. duPont Institute, 1600 Rockland Rd, Wilmington, DE 19899; (302) 
651-6753. 

New Frontiers on Acute Ischemic Stroke-An Update, Rome, Italy. Contact Stroke Secretariat, Via 
Bertolini, 26/B, 00197 Rome, italy. 

international Conference on Stroke, Geneva, Switzerland. Contact N. M. Bornstein, MD, Interna- 
tional Conference on Stroke, c/o Kuoni Travel Ltd, 7 Rue de Berne, CH- 1211 Geneva, Switzerland. 
The 15th international Symposium on Cerebral Blood Flow and Metabolism, James L. Knight Inter- 
national Center, Miami, Fla. Contact Ms Jenny Bernal, Conference Coordinator, Brain '91, Univer- 
sity of Miami Conference Center, 400 SE Second Ave, Fourth Floor, Miami, FL 33131. 

Ninth international Congress of Electromyography, Jerusalem, Israel. Contact Dr Arieh N. Gilai, 
Convener, EMG-CN-IX Congress, PO Box 29334, Tel Aviv 61292, Israel. 

Tweifth Annual Chitd Neurology Postgraduate Course, Sonesta Beach Hotel, Key Biscayne, Fla. 
Contact Oscar Papazian, MD, Department of Neurology, Miami Children’s Hospital, 3200 SW 60th 
Ct, Miami, FL 33155; (305) 662-8330. 

The 26th Annual Meeting of the Canadian Congress of Neurological Sciences, Halifax (Nova Scotia) 
Sheraton. Contact Permanent Secretariat, Canadian Congress of Neurological Sciences, 810-906 
12th Ave SW, Calgary, Alberta, Canada T2R 1K7; (403) 229-9544. 

“Current Concepts in Child Neurology,” Hyatt Islandia Hotei, San Diego, Calif. Contact Continuing 
Medical Education, Children’s Hospital and Health Center, 8001 Frost St, San Diego, CA 92123; 
(619) 576-1700. : 


- Calendar 
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HEADACHE 
DESCRIBED 








“Headache”—a personal 
interpretation of headache 
ain by John Crowley, a 
dache patient. 








HEADACHE 








Effectively treats the pain 
of muscle contraction 
headache as well as the 
anxiety and tension that 
magnify it 


FIORINAL~ 
CODEINE (Il 


(Each capsule contains: codeine phosphate 30 mg [Warning: May be habit-forming]; butalbital 50 mg 
[Warning: May be habit-forming]; caffeine 40 mg; and aspirin 325 mg} 


Potent relief of tension headache pain 








Please see brief summary on following page. 


©1990 Sandoz Pharmaceuticals Corporation 
PWC OOO. 











: BRIEF SUMMARY: Please see package insert for tull prescribing information. 


_ RIORINAL'™ 
{Codeine phosphate USP. 30 mg [warning may be habit forming], butalbital USP. 50 mg warning. may be habit 
forming}: caffeine USP. 40 mg: aspirin USP. 325 mg} 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Ficrinal# with Codeine is contraindicated under the following conditons: 

1. Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine 

2: Patients wih a hemorrhagic diathesis fe.g., hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocylopenias, thrombastheria and other ill-defined hereditary platelet dysturctions, severe vitamin K deficiercy 
and severe iver damage} 

3 Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspirin oF other nonsteroidal 
antiinflammatory drugs. Anaphylactoid reackions have occurred in such patients 

4. Peptic ulcer of other sericus gastrointestinal lesions 

5. Patients with porphyria 


WARNINGS: Therapeutic doses of aspinn can cause anaphylacic shock and other severe allergic reactions If 
should be ascertained it the patient is allergic to aspirin, although a specitic history of allergy may be lacking 

Signiticant bleeding can result from aspirin therapy in patients with peptic ulcer or other gastromtestinal lesions, 
and in patients with bleeding disorders 

Aspirin administered pre-operatively may pratong the bleeding time 

in the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as ther capacity for efevatng cerebrospinal Hud pressure 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course at patients wilh head mjunes 

Codeine or other narcotics may obscure signs on which to judge tne diagnosis or clinical course of patients 
with acute abdomina! conditions 

Butaltta! and codeine are both habit-forrning and potentially abusabie. Consequently the extended use of Fiorinal® 
with Cadeie is not recommended 

Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome Caution should 
be used in adrumstening this product to children. including teenagers, with chicken pox or flu 


PRECAUTIONS: General: Frornal® with Codeine shouid be prescribed with caution for certain special-nsk patients 
such as the elderly or debilitated, and those with severe impairment ot renal or hepatic function. coagulation disorders, 
of head mjunes. 
Aspirin should be used with caution in patents on anticoagulant therapy and in patients with underlying hemostatic 
detects 
Precautions should be taken when administenng salicylates to persons with known allergies. Hypersensitivity 'o 
aspirin is particularly hkely m patients with nasal polyps. and relatively common in those with asthma 
Information for Patients: Patents should be informed that Fiorinal® with Codeine contains aspirin and shouid 
not be taken by patients with an aspirin allergy. 
Fionnal® with Codeine may impair the mental and/or physica! abilities required for performance of potentially 
cata tasks such as driving a car or operating machinery. Such tasks should be avoided while taking Fiorinal® 
with Codeine. 
Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fionnal® with 
Codeine, and shouid be avoided. 
Codeine and nutalbital may be habit-forming, Patients should take tne drug only for as long as s prescribed. 
in the amounts prescribed, and no more frequently than prescribed 
Laboratory Tests In patents with severe hepatic or renal disease, effects ot therapy should be monitored with 
senal liver and/or renal function tests 
Drug interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase (MAO) inhibitors 
In patients receming concomitant corticosteroids and chromic use of aspirin, withdrawal of corticosteroids may 
result in salcylism because corticasterards enhance renal clearance of salicylates and their withdrawal is followed 
by return to normal rates of renal clearance 
Fioninal® with Codeine may enhance the elfects of 
1. Oral anticoagulants, causing bleeding by mhibiting prothrombin formation in the liver and displacing anticoagulants 
from plasma orotein binding sites 
2. Oral antidiabatic agents and insulin, causing hypoglycemia by contributing an additive effect, if dosage of Fionnalè 
with Codeine exceeds maximum recommended daily dosage 

3. 6-mercaptopunine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing nese drugs 
from secondary binding sites, and, in the case of methotrexate, also reducing its excretion 

4 Non eee) anti-inflammatory agenis, increasing the risk of peptic ulceration and bleeding by contributing additive 
eltects. 

5. Other narcot¢ analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnotics, 
or other CNS depressants, causing increased CNS depression 

Fiornal® with Codeine may diminish the effects of Uncasuric agents such as probenecid and sullinpytazone, 
reducing thei ellectiveness in the treatment of gout. Aspirin competes with these agents for protein binding sites. 

Drug/Laboratory Test Interactions 
Aspirin: Aspirin may interfere with the following laboratory determinations in blood serum amylase. fasting blood 
glucose, cholesterol, protein, serum purice transaminase {SGOT}, uric acid, prothrombin time and bleeding 
lime. Aspirin may interfere with the following laboratory determinations in unne: glucose, 5-hydroxyindoleacetic acid, 
Gerhardt ketone, vanillyimandelic acid {VMA}, uric acid, diacetic acid, and spectrophotometnc detection of barbiturates 
Codeine: Codeine may increase serum amytase levels. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Adequate long-term studies have been conducted wn mice 
and rats wih aspinn, alone or in combination with other drugs, in which no evidence of carcinogenesis was seen 
No adequate studies have been conducted in animals to determine whether aspirin has a potential for mutagenesis 
or impairment of fertility No adequate studies nave been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, of impairment of fertility 
Usage in Pregnancy 
Teratogenic Ettects Pregnancy Category C -- Animal reproduction studies have not been conducted with Fiornal® 
with Codeine. is aiso not known whether Fiormal® with Codeine can cause fetal harm when administered te 
a pregnant woman or can affect reproduction capacity Fionnal® with Codeine should be gwen to a pregnant woman 
only when clearly needed 
Nonteratogenic Effects: Athough Fioninal® with Codeme was not implicated in the birth detect, a temale infant was 
born with issencephaly pachygyria and heterotopic gray matter. The infant was born 8 weeks prematurely to a 
woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the fst few days of 
pregnancy. The chid’s development was mildly delayed and from one year of age she had partal simple motor 
seizures. 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a butalbital-containing 
drug during the last 2 months of pregnancy Butalbital was found in the infant's serum. The infant was gives phenobarbital 
5mg/kg, which was tapered without lurther seizure or other withdrawal symptoms. 

Studies of aspirin use in pregnant women nave not shown that aspirin increases the risk of abnormalities when 
administered dunng the first mimester of pregnancy In controled studies involving 41,337 pregnant women and 
their offspring, there was no evidence that aspirin taken during pregnancy caused shilbirth, neonatal death or reduced 
birth weight in controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect. 

Reproduction studies have been pedormed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence of impaired fertdity or harm to the fetus due to codeine 

Therapeutic doses of aspirin in pregnant women close to term may cause bleeding in mother, fetus, or neonate 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery. 

Labor and Delivery: ingestion of aspirin prior fo delivery may prolong delivery or lead to bieeding in the mother 
of neonate. Use of codeine during labor may lead to respiratory depression in the neonate 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast miik in small amounts, but 
the significance of their effects on cursing infants is not known. Because of potential for senous adverse reactions 
if nursing infants from Fionnal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug lo the mother 

Pediatric Use: Satety and etfectivenass in chidren below the age of 12 nave not been established 


ADVERSE REACTIONS: Commonty Observed: The mos! commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patents were nausea 
angdjor abdominal pain, drowsiness, and dizziness. 

Associated with Treatment Discontinuation: Of the 382 patients treated with Fiorinal® with Codeine in controlied 
clinical trials, three {0.8%} discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons: gastrointestinal upset. lightheadedness and heavy eyelids, 
and drowsiness and generalized tingling 














incidence in Contiolled Clinical Tals The following table summanves the incidence rales ol the 
Tepored by al least 1% of the Fiorinal® with Codeine treated patients in controlled Clinical trials compari 
with Codeine to placebo, and provides a comparison to the incidence rates reported by the placebo-treat 





1 patients. 

The prescriber should be aware that these figures cannot 56 used to predict the incidence of side elects in 
the course of usual medical practice where patient characteristics and other factors. differ trom those that prevailed 
in the clinical trials. Similarly the cited frequencies cannot be compared with figures obtained from other clinical 
investigations invohing different treatments, uses, and investigators. 


Adverse Events Reported by at Least 1% of Fiornal® with Codeine Treated Patients 





During Placebo Controlled Clinical Trials 4 
Fiorinal®/Codeine Placebo 
Adverse Event = _ (N= 377) 
Drowsiness 24% 05% 
Dizziness/Lightheadedness 28% 05% 
intoxicated Feeling 10% 0% 
Gastrointestinal 
_Nausea/Abdominal Pam N serene, 0.8% 
Other Adverse Events Reported During Controlled Clinical Trials: The listing that follows represents the proportion 


of the 382 patients exposed to Fionnal® with Codeine while participating in the controlled clinical trais who reported, 
on at feast one occasion. an adverse event of tne type cited. All reported adverse events, except those already 
presented in the previous table, are included. ft is important to emphasize thal. although the adverse events reported 
did occur while the patient was recewing Fiorinal@ wth Codeine, the adverse events were not necessarily caused 
by Fonnai with Codeine. 

Adverse events are classified by body system and frequency. “Frequent” is defined as an adverse event which 
occurred in al least 1/106 {1%} of the patients: all adverse events listed in the previous table are frequent. “Infrequent 
1$ defined as an adverse even! that occurred in less than 1/100 patients but at least 1/1000 patients. All adverse 
events tabulated below are classified as infrequent 

Central Nervous. headache, shaky feeling, tinging, agitation, fainting, fatigue. heavy eyelids, high energy. hot speiis, 
numbness, and siuggishness. 

Autonomic Nervous. dry mouth and hyperhidrosis. 

Gastrointestinal. vomiting, difficulty swallowing, and heartburn. 

Cardiovascular: tachycardia. 

Musculoskeletal leg pain and muscie fatigue. 

Genitourinary: diuresis. 

Miscellaneous: pruritus, fever, earache, nasal congestion. and tnnitus. 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with 
Codeine, are listed below Many or most of these events may have no causal relationship wilh the drug and are 
listed according to body system 

Centrai Nervous Abuse, addiction, anxiety, depression, disonentation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, witching, uncon- 
sciousness, vertigo. 

Autonomic Nervous. epistaxis, flushing, miosis, salvation 

Gastrointestinal anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer 

Cardiovascular: chest pain, hypotensive reaction, palpitations, syncope. 

Skin: erythema, erythema multdorme, exfoliative dermatitis, hives, fash, toxic epidermal necrolysis. 

Unnar: kidney impairment, urinary difficulty. 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
{stomach upset), edema 

The tollowing adverse drug events may be borne in mind as potential eftects of the components of Fionnal® 
with Codeine. Potential effects of high dosage are fisted in the OVERDOSAGE section of this insert. 

Aspirin. occult blood loss, hemolytic anemia, ron deficiency anemia, gastric distress, heartburn, wausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods. impaired urate excretion, hepatitis 

Caffeine: cardiac stimulation, itritabulity, temor, dependence, nephrotoxicity, hyperglycemia. 

Codeme: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus. 


DRUG ABUSE AND DEPENDENCE: Fiorinaf® with Cademe is controlled by the Drug Enforcement Administration 
and is classified under Schedule fil 

Codeine: Codeine can produce drug dependence of the morphine type and, therelore, has the potential for 
beng abused Psychological dependence, physica! dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications 

Butalbital: Barbiturates may be habit forming: Tolerance, psychological dependence. and physical dependence 
may occur especially following prolonged use of high doses of barbiturates. The average daily dose for the barbiturate 
addict is usually about 1.500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
‘evel of intoxication increases, tolerance to a fatal dosage, however, does not increase more than two-told. As this 
occurs, the margin between an intoxication dosage and fata! dosage becomes smaller The lethal dose of a barbiturate 
is far less it alcoho! is also ingested Major withdrawal symptoms (convulsions and delirium] may occur within 16 
hours and last up to 5 days alter abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and gradual 
withdrawal of the drug. Barbiturate-cependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patent's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient 


OVERDOSAGE: The toxic effects of acute overdosage o! Fiorinal® with Codeine capsules are attributable main 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occu 
in very high dosages only the possibility of significant cateine toxicity trom Fiorinal# with Codeine overdosage 
is unlikely 

Signs and Symptoms: Symptoms attributable to acute barbiturate porsoning include drowsiness, contusion, and 
coma, respiratory depression: hypotension: shock. Symptoms attributable to acute aspirin poisoning include hyperpnea, 
acid-base disturbances with development of metabolic acidosis. vomiting and abdominal pain, tinnitus, hyperthermia, 
hypoprothrombinemia: restlessness, delirium: convulsions. Acute caffeine poisoning may cause msomnia, restlessness, 
tremor, and delinum, tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the trad of. pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur. 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of ar. overdose continually evolve, consultation with a 
regional poison control center is strongly encouraged. 

reatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics 
in the conscious patient Gastric favage may be used it the pharyngeal and laryngeal reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted betore gastric 
lavage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkalinization of 
the urine, and correction of electrolyte disturbances shouid be accomplished through administration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water 

Meticulous attention shouid be given to maintaining adequate pulmonary ventilation. Correction of hypotension 
may requite the administration of levarterenol bitartrate or phenylephrine hydrochloride by intravenous infusion. In 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transtusion may be lifesaving. 
Hypoprothrombinemua should be treated with vitamin K, intravenously 

Methemoglobinemia over 30% should be treated with methylene blue by slow intravenous administration. 

Naloxone. a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose. 
Typically, a dose of 0.4 mg to 2 mg is given parenterally and may be repeated if an adequate response is nol 
achieved. Since the duration of action of codeine may exceed that of the antagonist, the patient should be kegt 
under continued surveillance and repeated doses of the antagorust should be administered as needed to main 
adequate respiration. A narcotic antagonist should not be admunistered in the absence of climeally significant respiratory 
of cardiovascular depression. 

Toxic and Lethal Doses: 

Butalbital: toxic dose 1.0 g {adult}; lethal dose 2.0-5.0 g 

Aspirin: toxic blood leve! greater than 30 mg/100 mL, lethal dose 10-30 g {aduk} 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g {adult} 
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Send manuscripts by first-class mail to the Chief Editor, Robert 
J. Joynt, MD, PhD, University of Rochester School of Medicine and 
Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manuscripts 
are received with the understanding that they are not under 
simultaneous consideration by another publication. Accepted 
manuscripts become the permanent property of the ARCHIVES and 
may not be published elsewhere without permission from the 
publisher (AMA). 


Cover Letter.— Designate one author as correspondent and provide 
a complete address and telephone number. 

In the cover letter include (1) statement on authorship respon- 
sibility, (2) statement on financial disclosure, and (3) one of the two 
following statements on copyright or federal employment. Each of 
these three statements must be signed by all authors. 

1. Authorship Responsibility.—“I certify that I have participated 
sufficiently in the conception and design of this work and the anal- 
ysis of the data (when applicable), as well as the writing of this 
manuscript, to take public responsibility for it. I believe the manu- 
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manuscript and approve it for publication. Neither this manuscript 
nor one with substantially similar content under my authorship 
has been published or is being considered for publication elsewhere, 
except as described in an attachment. Furthermore, I attest that 
I shall produce the data upon which the manuscript is based for 
examination by the editors or their assignees if requested.” 

2. Financial Disclosure.—“I certify that affiliations (if any) with or 
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interest in the subject matter or materials discussed in the manu- 
script (eg, employment, consultancies, stock ownership, honoraria, 
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ment. 
3a. Copyright Transfer.—“In consideration of the action of the 
American Medical Association (AMA) in reviewing and editing this 
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in the event that such work is published by the AMA.” 
3b. Federal Employment.—“I was an employee of the US federal 
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publication; therefore, it is not protected by the Copyright Act and 
there is no copyright of which the ownership can be transferred.” 

We regret. that transmittal letters not containing the preceding 
language signed by all authors of the submission will necessitate 
delay in review of the manuscript. 


Editing.— All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript rather than galley 
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Brain-Stem Tuberculoma 


To the Editor.—It is with interest that 
we read the article entitled “Brain- 
Stem Tuberculoma, An Analysis of 11 
Patients” written by Talamas et al 
that appeared in the May 1989 issue of 
the ARCHIVES. 

It is a well-known fact that the 
diagnosis of central nervous system 
tuberculosis is a very difficult one, es- 
pecially because of the wide variety of 
clinical presentation of this disease. 
Recently, the development of neuroim- 
aging methods and several immuno- 
logical techniques, including the en- 
zyme-linked immunosorbent assay 
method, for tuberculous antigens, has 
increased the accuracy of this diagno- 
sis. However, there are still some cases 
in which the definitive diagnosis has to 
be made through brain or meningeal 
biopsy specimens. 

Of the 11 cases presented in this ar- 
ticle, only in one patient was the diag- 
nosis proved through histological find- 
ings, and in the remaining 10 patients, 
“it was supported or inferred through 
clinical presentation, cerebrospinal 
fluid analysis, computed tomography, 
or magnetic resonance imaging, and 
response to antituberculous therapy.” 
The clinical manifestations of central 
nervous system tuberculosis are vari- 
able and unspecific, and they are very 
difficult to differentiate from tumors, 
fungal and parasitic disease, or vascu- 
litides of the brain stem. The cere- 
brospinal fluid analysis in these cases 
did not show specific changes (hyper- 
proteinorrachia in four cases and mild 
pleocytosis in three patients). The glu- 
cose levels and immunological test re- 
sults were not reported. At the present 
time, there are new techniques for the 
detection of Mycobacterium tubercu- 
losis-specific markers in the cere- 
brospinal fluid, such as frequency- 
pulsed electron-capture gas-liquid 
chromatography (specificity, 90% ); en- 
zyme-linked immunosorbent assay 
(specificity, 95% ); latex particle agglu- 
tination (specificity, 99% ); and serum 
enzyme-linked immunosorbent assay 
(specificity, 94% to 100%), which 
could have been performed, at least in 
the latter cases reported by the au- 
thors. We agree with the author’s dis- 
cussion about the value of computed 
tomographic findings in the diagnosis 
of central nervous system tuberculo- 
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sis, but Fig 4, which apparently shows 
improvement of the brain-stem lesion 
due to antituberculous therapy, cannot 
be postulated as such because the fol- 
low-up computed tomographic scan 
shows a different axial level. In regard 
to magnetic resonance imaging find- 
ings, the T,-weighted image in Fig 1 
shows a high-intensity signal lesion 
involving most of the brain stem and 
part of the cerebellum, which, accord- 
ing to our experience, may represent 
meningoencephalovasculitis,’ infil- 
trating glioma, metastatic tumor, or 
fungal infection. We have a similar 
case (Fig 1) which corresponded on 
postmortem examination to a tuber- 
culosis meningoencephalovasculitis, 
which simulated, even at gross exam- 
ination, an infiltrating brain-stem 


glioma (Fig 2). 
The authors based the diagnosis of 


brain-stem tuberculoma in most cases 
on the fact of the response to antitu- 
berculous therapy, but this assump- 
tion cannot be supported in cases Nos. 
6 and 10. 

We want to emphasize that brain- 
stem tuberculoma has to be differenti- 
ated from other pathologic findings of 
this neuroanatomical region, includ- 
ing the form of central nervous system 
tuberculosis called tuberculous men- 
ingoencephalovasculitis, which can 
simulate brain-stem infiltrating glio- 
ma, such as was demonstrated in our 
case that was presented elsewhere? 
(Figs 1 and 2). 

In summary, we conclude that the 
diagnosis of brain-stem tuberculoma 
should not be supported mainly 
through the response to antitubercu- 
lous therapy, but only with the ratio- 
nal use of other diagnostic methods 





Fig 1.—Left, High-intensity signal in the brain stem and part of the cerebellum; an irregular hy- 
pointense area is observed in the center of the brain stem (80/2000). Right, Multiple high-inten- 
sity signal areas in the periventricular region and basal ganglia (80/2000). 


Fig 2.—Left, lsointense lesion involving the brain-stem simulating an infiltrating glioma (28/500). 
Right, Sagittal cut of the brain showing an infiltrating lesion in the brain stem. 
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such as immunological tests in cere- 
brospinal fluid (with well-known spec- 
ificity}, as well as computed tomogra- 
phy and magnetic resonance imag- 
ing,“ and, in selected cases, through 
neuropathological examination. 
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Brain-Stem Tuberculomas 


To the Editor.—It was with great in- 
terest that I read the article on brain- 
stem tuberculomas by Talamas et al.' 
I am concerned about the diagnosis in 
patients 3 and 8. In both these patients, 
there were single, isolated brain-stem 
masses and neither had evidence of 
systemic tuberculosis. Diagnosis in 
these patients was based either on the 
disappearance of the lesion in the com- 
puted tomographic scan (patient 3) or 
clinical improvement (patient 8), fol- 
lowing antituberculous therapy. Our 
experience shows that these criteria 
are not foolproof. For a number of 
years single, small, enhancing lesions 
noted on computed tomography in In- 
dian patients with seizures were diag- 
nosed as tuberculomas and treated ac- 
cordingly on the basis of the above cri- 
teria (ie, disappearance on the scan or 
clinical improvement with antituber- 
ulous therapy).? After excision biopsy 
specimens (using computed tomo- 
rraphic-guided stereotaxic localiza- 
sion) were obtained in 15 consecutive 
yatients, we proved that, in nearly all 
zases, these lesions were caused by 
xysticercosis and needed no specific 
therapy.’ Thus it is important to con- 
sider other inflammatory or demyeli- 
nating disorders in such cases, and one 
tannot be categorical in making a di- 
agnosis of a tuberculous lesion. Sec- 
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ond, it is rare for tuberculomas to oc- 
cur as isolated single brain-stem 
masses (ie, without any other coexist- 
ent brain masses) in the absence of ac- 
tive systemic tuberculosis or tubercu- 
lous meningitis. In our center, patients 
with tuberculomas are still seen quite 
often. However, in a consecutive series 
of eight patients with isolated brain- 
stem masses, who underwent com- 
puted tomographic-guided stereotaxic 
biopsy, there were no tuberculomas. 
This underlines the fact that, even in 
endemic areas such as ours, a tubercu- 
loma only rarely presents as an iso- 
lated brain-stem mass. Third, expo- 
sure to tuberculosis alone (patient 3) 
cannot be considered as adequate evi- 
dence to support the diagnosis of a tu- 
berculoma, because there is a high in- 
cidence of such an exposure in the 
general patient population in develop- 
ing countries. 

A confident diagnosis of a brain- 
stem tuberculoma without histologic 
proof can only be considered in pa- 
tients with active systemic tuberculo- 
sis or tuberculous meningitis, and 
more so if there are multiple lesions 
involving other areas of the brain. In 
all other cases a histologic diagnosis 
should be obtained, as empirical anti- 
tuberculous therapy may delay appro- 
priate therapy. In the case of isolated 
brain-stem masses computed tomo- 
graphic-guided stereotaxic biopsy 
would be the ideal procedure. 
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Cardiac Sources of Cerebral 
Embolism 


To the Editor.—We read with interest 
the second report on brain embolism 
by the Task Force.' In reviewing their 
first article, they estimated that the 
incidence of stroke due to cardiogenic 
embolism should be around 15%, rang- 
ing between 6% and 23%, of all is- 
chemic strokes. When discussing heart 
pathologies, they established that non- 
valvular atrial fibrillation, ischemic 
heart disease, rheumatic heart dis- 
ease, and prosthetic cardiac valves ac- 
count for the majority of cardioembo- 
lic stroke and considered that nonis- 
chemic dilated cardiomyopathies were 
a less common cardiac cause of embo- 


lism. These data have been obtained 
from studies published in the English- 
language literature and encompass re- 
ports originated mainly in the North- 
ern Hemisphere. However, it is rea- 
sonable to assume that other areas ini 
the world may have a different inci- 
dence of heart disease, causing embol- 
ic brain damage, due to the presence of | 
regional predisposing factors. 
Recently, we reviewed our own data. 
consisting of 367 patients who were 
assessed at our stroke clinic between. 
1983 and 1989. All of these patients had 
a diagnosis of ischemic stroke based on 
clinical findings and brain computed 
tomographic scan. The criteria em- 
ployed for the diagnosis of cardioem- 
bolic stroke included the following: (1) 
sudden onset and maximal neurologi- 
cal focal deficit from the very begin- 
ning of the episode, (2) brain computed — 
tomographic scan showing an ischemic 
lesion, or features consistent with car- 
dioembolic stroke (ie, hemorrhagic in- 
farct or multiple cortical infarcts in 
different vascular territories (images 
consistent with lacunar strokes were 
excluded), (3) M-mode and bidimen- 
sional echocardiography, or cardiac 
catheterization showing the heart as 
the source of the emboli, and (4) ab- 
sence of stenotic-occlusive cerebrovas- 
cular disease by cerebral angiography, 
when performed in the group of pa- 
tients with probable atherosclerotic 
vascular disease. 
Forty-seven patients (12.8%) filled 


the criteria for being considered af- 


fected by brain embolism of cardiac 
origin. The group was composed of 21 < 
women and 26 men. Their ages ranged 
between 26 and 79 years (mean, 54 
years). The emboligenic heart disor- 
ders found included the following: (1) 
nonvalvular atrial fibrillation in 13 
patients (27.6% ), (2) rheumatic heart 
disease in 10 patients (21.2%), (3) 
nonischemic dilated cardiomyopathy 
in eight patients (17%), and (4) is- 
chemic heart disease in seven patients 
(14.9% ). The remaining nine patients 
(19.7% ) had other conditions; namely, 
bacterial endocarditis (three pa- 
tients), mitral valve prolapse (two pa- 
tients), nondilated cardiomyopathy 
(two patients), prosthetic cardiac 
valve (one patient), and congenital 
heart malformation (one patient). 
From the eight patients who had 
nonischemic dilated cardiomyopathy, 
five (62%) had cardiac involvement 
due to Chagas’ disease. 


Taken together, our figures show 


that, although they are well in line 
with the current literature,' -nonis- 
chemic dilated cardiomyopathy is one 
of the main causes of ischemic stroke 
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due to cardiac embolism in our com- 
munity. Most likely, this reflects the 
presence of regional factors, Chagas’ 
disease in the present series, which 
may not play any role in other geo- 
graphic areas. Chagas’ disease is an 
endemic parasitic illness in our coun- 
try (and in all Latin America’), leading 
to involvement of the heart yielding a 
nonischemic dilated cardiomyopathy 
that, in turn, may be the cause of 
ischemic embolic stroke.‘ 

Raut C. Rey 
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ROBERTO E.P. Sica 
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Magnetic Resonance Evaluation of 
the Midbrain in Parkinson’s Disease 


To the Editor.—We commend the in- 
vestigation by Huber et al' of midbrain 
pars compacta size in Parkinson’s dis- 
ease (PD) using magnetic resonance 
imaging (MRI). The authors have 
stimulated interest in an important 
area of new research, namely the use of 
MRI to correlate anatomic finding in 
vivo with clinical disease. Their de- 
tailed attention to the MRI methodol- 
ogy adds credence to their findings. 
However, methodological issues re- 
lated to the composition and selection 
of the control group need to be consid- 
ered carefully and the design of the 
present study illustrates some of the 
difficulties frequently encountered. 
The authors have not reported the 
range and mean (+SD) age for the 
mild and moderate/severe PD groups 
as well as the standard deviation for 
age in the control and PD groups. We 
are concerned that the group of mild 
PD patients may have been signifi- 
cantly younger than the control sub- 
jects. Age may have an effect on pars 
compacta size independent of the mea- 
sured clinical variable (ie, severity of 
PD). MeGeer et al? have reported a 
significant age-related loss of substan- 
tia nigra neurons between the ages of 
20 and 80 years. We have recently doc- 
umented in 36 normal volunteer sub- 
jects that the cross-sectional area of 
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the midbrain (measured on sagittal 


MRI) declines significantly between 
the age of 26 and 79 years, and that this 
decline is particularly prominent in 
subjects over 60 years (submitted for 
publication). If the mild PD group was 
younger than the control group, it 
would be of interest to know whether 
age effects obscured potential differ- 
ences in pars compacta size. 

Second, the authors have not men- 
tioned the male/female composition of 
the PD and control groups (all control 
subjects were spouses of patients). The 
higher prevalence of PD in males may 
have resulted in a higher number of 
female control subjects. It is of inter- 
est that, in our study (referred to 
above), the age-related decline in mid- 
brain area was more prominent in men 
than in women, though we did not 
measure pars compacta size. In addi- 
tion, it is not known whether the 
greater age-related mortality from PD 
in males reflects a greater susceptibil- 
ity to pars compacta degeneration in 
male subjects. 

It is of interest that the first MRI 
study of pars compacta size in PD?’ 
found very little overlap between con- 
trol and PD groups, whereas the two 
subsequent studies'* have found a 
much greater overlap. Differences in 
control groups and a wide variation in 
pars compacta size in normal subjects 
may partly explain these discrepan- 
cies. In our study, midbrain dimen- 
sions varied almost threefold in nor- 
mal volunteer subjects between the 
ages of 26 and 79. 

These studies highlight the impor- 
tance of strictly controlling for age and 
gender in morphometric studies of the 
midbrain, though the logistics of vol- 
unteer recruitment often preclude 
such an ideal study design. As the au- 
thors point out, inadequate normative 
data, as well as an apparent overlap 
between PD and control values, pre- 
cludes the use of MRI criteria (such as 
pars compacta size or asymmetry) as 
reliable diagnostic markers for PD at 
present. Continued MRI studies of 
brain structural changes in normal 
aging and in PD remain essential to 
resolve these issues. 
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In Reply.—We appreciate the useful 

comments provided by Doraiswamy 

and associates. While we tried to make 

our report as methodologically sound 

as possible, they correctly point out 
that we did not fully evaluate the 
potential effects of age. The age 
(mean + SD) for the mild Parkinson’s 
disease group (61.4 + 8.7), the moder- ` 
ate/severe Parkinson’s disease group 
(66.1 + 8.0), and the normal control 
subjects (68.4 + 4.0) produced a differ- 

ence among groups that just failed 

to reach statistical significance, 

F(2,51) = 2.99, P < .06. However, the 

relatively young age of the mild Par- 
kinson’s disease group does warrant 

an examination of the potential effects 

of age on our results. We performed an 

analysis of covariance, with age as the 

covariate, on both the average width 

and width difference on the first echo 

images. There was a significant differ- 

ence among the groups for width aver- 

age, F(3,50) = 3.64, P < .02, and width 

difference, F(3,50) = 5.58, P < .002. 

Post hoc comparisons indicated a sig- 

nificantly narrower average width in 

the moderate/severe Parkinson’s dis- 

ease group, and a greater left-to-right 

width difference in the mild Parkin- 

son’s disease group. This pattern is 

identical to our original analyses and 

suggests that age had no secondary ef- 

fect on our results. The male/female 

composition of the mild Parkinson’s 

disease group (11/5), the moderate/ 

severe Parkinson’s disease group (19/ 

9), and the control group (5/5) was not, 
significantly different, x? = 1.2. Thus, 
it is unlikely that sex had an effect on 

our results. 

At the present time, magnetic reso- 
nance imaging measures do not pro- 
vide reliable diagnostic information 
for the individual patient due to qual- 
itative overlap with normal control 
subjects. While asymmetry in width 
does appear to be most evident quanti- 
tatively in the early stages of Parkin- 
son’s disease, advances with further 
research will depend on adherence to 
strict methodology. The issues raised 
by Doraiswamy and associates are im- 
portant in this regard. ; 

Steven J. Huser, PHD @ 
Department of Neurology ` 
Room 425, Means Hall 

The Ohio State University 
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Columbus, OH 43210 
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THE CASE: A 40-year-old man presented with a 2-month 
history of involuntary muscle contractions of the right arm 


and mild weakness of the left leg. 


First there was CT. 


Then MRI. 





Contrast CT scan shows an area of 

low attenuation in the left parietal lobe. 
A questionable focus of contrast is seen, 
but this may represent cerebral cortex. 


images courtesy of Michael R. Ross, MD Stanford University Medical Center, 
Stanford, California 
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T14-weighted (TR 800/TE 20) unenhanced? 
MR image, obtained with a 1.5-T imager, 
shows subcortical hypointensity in the lef 
posterior parietal lobe. The surrounding 
sulci appear to be compressed, 

but a mass is not clearly appreciated, 
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weighted (TR 800/TE 20) image enhanced with 
AGNEVIST® injection reveals two discrete nodules 
‘rows). This nodular enhancement is highly 
ggestive of a primary brain tumor, which was 
infirmed upon biopsy to be an astrocytoma. 
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and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularify or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® injection has been shown to facilitote visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is aiso indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the. spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
fesononce imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. in addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to o magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by gocopematala dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® injection in 
patients with sickle cell anemia and other hemogiobinopathies has not been studied 


Patients with other hemolytic anemias have not deen adequately evaluated following 
administration of MAGNEVIST® Injection to exciude the possibility of increased hemolysis 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. in clinical trials two cases were reported 
and in addition, there was one case of a vasovaga' reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes otter injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 


experienced syncope after arising from a sitting position two hours dimeglumine 469.01 mg ML) 


after administration of the drug. Although the relationship of 
gadopentetate dimegiumine to these events is uncertain, patients 
should be observed for several hours after drug administration 


PRECAUTIONS ~ General 

Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed 

In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure 

Since  poaopontorota dimeglumine is cleared from the body by lomerular filtration, caution 
should be exercised in patients with severely impcired renal function 


The possibility of a reaction, including serious, life-threatening, fatal, onaphylactoid or car- 
diovascular reactions or other idiosyncratic reactions should always be considered (see 
ADVERSE REACTIONS) especially in those patients with a known clinical hypersensitivity 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron 
Serum bilirubin levels were slightly elevated in cpproximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected ond liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimegiumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® Injection is to be injected using olastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


if nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


information for Patients. 

Patients receiving MAGNEVIST® Injection should be instructed to 

l Inform your physician if you are pregnant or breast feeding 

2.1nform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levals have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimegiumine. 


Gadopentetate il se did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coll. Gadopentetate dimegiumine did not induce 
a positive response in the (C3H 10TI/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary culfures of rat 
hepatocytes at concentrations up to 5000 pg/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant letha! assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmai/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimegiumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
Pregnancy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption ond a decrease in the mean weights of testis and epididymis 
occurred in male rats ot the 2.5 mmot/kg dose. In female rats a decrease in the number 
of corpora lutea at the 0.1 mmol/kg dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 

in a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimegiumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 


PREGNANCY CATEGORY C. 


Gadopentetate dimegiumine has been shown to retard development slightly in rats when 
given in doses 2.5 fimes the human dose, and in rabbits when given in doses of 7.5 and 
12.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 


There ore no adequate and well-controlled studies in pregnant women. MAGNEVIST® 
Injection should be used during pregnancy only if ne potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 

C"4 labelled gac opantetare dimegiumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
vio the milk during the 24-hour evaluation period. itis not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 


Safety and efficacy in children under the age of 2 years have not been established. 
(See indications and Usage and Dosage and Administration sections) 


ADVERSE REACTIONS 
The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate severity. in 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® injection. injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 
Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less thon 2% of the patients. 


= © The following additional adverse events occur in fess than 1% 
of the patients: 
Body as a Whole: Injection site symptoms, namely, pain, warmth, 


burning; localized burning sensation, substernal chest pain, fever, 


(gadopentetate weakness, generalized coldness, localized edema, tiredness, 


chest tightness, regionai lymphangitis, anaphylactoid reactions 
(characterized by cardiovascular, respiratory and cutaneous 
symptoms). 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestino! distress, stomach pain, teeth pain, 


INJECTION 


increased salivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 

sopra System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

skit Rash, sweating, pruritus, urticaria (hives) 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reportec. A causal relationship has neither been 
established nor refuted. 

Body as a Whole: Back pain, pain, generalized warmth 

Cardiovascular: Hypertension, tachycardia, migraine, syncope, death related to myocardial 
infarction or other undetermined causes. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Facial edema. erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
512.5 mmol/kg and in rats it is 10-15 mmol/kg. The LDso of intravenously administered 
MAGNEVIST® injection in dogs is greater than 6 mmol/kg 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 

The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 

















DOSAGE CHART 
4 
Body Weight Dose in Approx Duration of 
(kg) k mi injection in Seconds 
4 4 4 
10 2.0 20 
20 4.0 30 
30 6.0 40 
40 8.0 50 
50 10.0 60 
60 12.0 70 
70 14.0 80 
80 16.0 95 
90 18.0 nO 
100 i 20.0 120 





To ensure compiete injection of the contrast medium, the injection should be followed by 
a 5-mL normai saline flush. The imaging procedure should be completed within | hour of 
injection of MAGNEVIST® injection. 


Parenteral products should be inspected visually for particulate matter and discoloration é 


prior to administration, whenever solution and container permit. 
For full prescribing information, see pockage insert 
Caution: Federal Law Prohibits Dispensing Without Prescription. 
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Compensatory Mechanisms in 
Degenerative Neurologic Diseases 


Insights From Parkinsonism 


Donald B, Calne, DM, Michael J. Zigmond, PhD 


@ In animal models of parkinsonism, the 
ability to lose a substantial proportion of do- 
paminergic neurons without behavioral defi- 
cits does not derive from other systems tak- 
ing. over function of the dopaminergic 
pathway. The surviving nigrostriatal projec- 
tion’ increases both the rate of synthesis and 
the release of dopamine, as compensatory 
adjustments. This capacity allows at least a 
fivefold rise in dopamine delivery per neu- 
ron, and this enhancement is potentiated tur- 
ther by receptor up-regulation. Decreased 
reuptake, due to loss of nerve endings, may 
also lead to augmented occupancy of dopa- 
mine receptors, and so constitute yet anoth- 
er compensatory mechanism. In humans, 
positron emission tomography has revealed 
subclinical impairment of the dopaminergic 
nigrostriatal pathway in subjects at risk for 
parkinsonism caused by 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine and Lytico-Bodig 
(the. amyotrophic lateral sclerosis—parkin- 


I n seeking the cause of a degenerative 

disease, a first stage is the develop- 
ment of a conceptual model of pathogen- 
esis. To formulate such a model, it is 
desirable to have information on the 
neurobiological adjustments that take 
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sonism dementia complex of Guam). Howev- 
er, the separation of patients with clinically 
overt idiopathic parkinsonism from controls 
is less marked in vivo (by positron emission 
tomography) than in postmortem analysis 
(by neurochemical assay). This disparity 
may be attributable to the reduction in the 
number of nigrostriatal nerve endings, lead- 
ing, in vivo, to a relative increase of extracel- 
lular dopamine because active reuptake into 
the nerve endings is an important mecha- 
nism for removing dopamine from the synap- 
tic cleft. In contrast, in a postmortem setting, 
dopamine that is not sequestered in the stor- 
age vesicles of nerve endings is readily avail- 
able for biochemical degradation during the 
interval between death and brain analysis. 
Finally, it is also possible that differences 
may derive, in part, from dissimilar kinetic 
systems for handling exogenous and endog- 
enous levodopa. 
(Arch Neurol. 1991 ;48:361-363) 


place in the nervous system when some 
neurons have died and others are at- 
tempting to compensate and to maintain 
function. The most extensively studied 
pathway in this context is the dopamin- 
ergic component of the nigrostriatal 
bundle, and for this system, relevant 
animal observations can be correlated 
with phenomena observed in idiopathic 
parkinsonism.’* In addition, since the 
dopaminergic cells of the zona compacta 
of the substantia nigra are selectively 
vulnerable to attrition with normal ag- 
ing,’ exploration of compensatory ad- 
justments in these neurons should con- 
tribute to the elucidation of neurologie 


senescence. Thus, in this review we fo~ 
cus on animal and human studies of ad- 
aptations to lesions of nigrostriatal do- 
pamine neurons. 


ANIMAL STUDIES 


6-Hydroxydopamine is a highly elec- 
troactive molecule that is concentrated 
by high-affinity transport systems of ca- 
techolaminergic neurons, particularly 
in the nerve terminals. Subsequent oxi- 
dation of this molecule produces highly 
toxic products, with resulting degener- 
ation.’ Injection of 6-hydroxydopamine 
into the brain of many experimental ani- 
mals, either via the cerebrospinal fluid 
or directly along the nigrostriatal bun- 
dle, results in the death of dopaminergic 
neurons. The extent of the lesion de- 
pends on route of administration, dos- 
age, and pharmacologic pretreatment.’ 

Gross behavioral changes do not oc- 
cur following the administration -of 
6-hydroxydopamine unless the destruc- 
tion of the nigrostriatal bundle is almost 
complete, and even then, the deficits 
are often transient.’ Electrolytic lesions 
of the nigrostriatal system may also re- 
sult in neurologic impairments that im- 
prove spontaneously, and the same 
has been reported following administra- 
tion of the toxin 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine to subhu- 
man primates.’ 

The ability to undergo major loss of 
dopaminergic cells without clinical ef- 
fects and the spontaneous improvement. 
that commonly occurs when the lesions 
are severe enough to induce initial be- 
havioral deficits do not reflect.a transfer 
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of function from the nigrostriatal bundle 
to other pathways. Neurologic deficits 
can readily be reestablished in lesioned 
animals by pharmacologic manipula- 
tions that compromise dopaminergic 
function still further. Indeed, lesioned 
animals are supersensitive to such 
treatments. Moreover, a minimal num- 
ber of dopamine neurons must survive 
the lesion for recovery to occur. These 
observations suggest the continued im- 
portance of the remaining elements of 
the nigrostriatal bundle. 

The relation between size of an ex- 
perimental lesion and neurologic deficit 
does not appear to derive from simple 
redundancy in the nigrostriatal system. 
The dopamine neurons that are spared 
by the injury have been shown to in- 
crease their synthesis and release of 
transmitter, suggesting an active, com- 
pensatory elevation in their functional 
activity.”” The impact of this hyperac- 
tivity is augmented by the loss of sites 
for dopamine inactivation by reuptake 
due to degeneration of neighboring do- 
paminergic terminals” and, after ex- 
tensive lesions, by an increase in the 
number of postsynaptic dopamine re- 
ceptors” (Figure). Indeed, experiments 
have suggested that after partial ni- 
grostriatal lesions, surviving dopamin- 
ergic neurons can increase their capaci- 
ty to deliver transmitter by at least 
fivefold, and that the impact of this do- 
pamine can be increased still further by 
receptor up-regulation. Taken togeth- 
er, these mechanisms may allow each 
surviving nigrostriatal neuron to com- 
pensate for the death of many similar 
cells before any functional deficit would 
be expected. Experimental observa- 
tions at both the behavioral and the cel- 
lular levels are consistent with this pre- 
diction, and studies of damage to other 
monoaminergic systems in the brain 
and the periphery indicate that the 
capacity for such adaptation is 
widespread. ' 

It is possible that these compensatory 
processes exact a toll, however. The 
greatly enhanced turnover of dopamine 
could lead to the accumulation of toxic 
by-products of dopamine oxidation simi- 
lar to those formed by 6-hydroxydopa- 
mine, thereby contributing to the ulti- 
mate degeneration of surviving 
elements of the nigrostriatal bundle. 
Furthermore, comparable toxie sub- 
stances could accumulate in the extra- 
cellular space as a result of impaired 
removal of dopamine from the synaptic 
cleft consequent on loss of the nerve 
endings that possess an active reuptake 
mechanism. This vicious circle would 
generate more injury, to both dopamin- 
érgic and nondopaminergic cellular 
components. 
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A model for compensatory changes after lesions of the nigrostriatal bundle (from Zigmond and 
Stricker’). Top left, Under normal conditions synaptic transmission takes place with relatively little 
interaction between neighboring synapses. In addition, some synapses may be inactive. Top right, 
Moderate lesions have little or no functional impact for one or more reasons. Transmitter released 
at one synapse may act at a denervated site owing to the loss of inactivation via high-affinity uptake 
in that region (shown). There may also be some redundancy in the intact system, and previously 
silent synapses may become active (not shown). Bottom left, A larger lesion may require an 
increase in the synthesis and release of dopamine to keep postsynaptic function under dopaminer- 
gic control. A rise in the production of dopamine, together with the loss of high-affinity uptake sites, 
would result in a further increase in the field of influence of residual dopamine neurons (shown) 
and/or an increase in the postsynaptic response of innervated sites (not shown). Bottom right, After 
still larger lesions, rapid compensatory processes would be inadequate to restore function 
immediately. As a result, transmission would initially fail (A). However, a delayed compensation and 
recovery of function may occur (B). These additional compensations could include a gradual 
increase in the availability of tyrosine hydroxylase enzyme, a rise in the number of postsynaptic 
dopamine receptors, and the growth of new dopaminergic terminals. 


OBSERVATIONS ON HUMAN SUBJECTS 


As in the case of the animal models, 
postmortem analyses have indicated 
that neurologie deficits do not appear in 
idiopathic parkinsonism until the loss of 
striatal dopamine exceeds about 80%." 
Moreover, concurrent measurements of 
the dopamine metabolite homovanillic 
acid suggest that degeneration of the 
nigrostriatal bundle is accompanied by 
an increase in dopamine turnover in hu- 
mans as in laboratory animals.” Obser- 
vations with positron emission tomog- 
raphy (PET) alsoindicate the presence of 
a substantial loss of nigrostriatal nerve 
endings in patients with clinically overt 
parkinsonism."*" It is of interest from 
the viewpoint of documenting the com- 
pensatory potential of the human ni- 


t 
grostriatal pathway that PET has re- 
vealed subclinical damage to the nigro- 
striatal system in subjects with an 
increased risk of developing certain 
forms of parkinsonism. °" 

Postmortem analysis and PET also 
show normal age-related trends that 
are similar to, but less severe than, the 
changes found in idiopathic parkinson- 
ism.” With this background, it has 
been proposed that the appearance and 
progression of clinical parkinsonism 
might result from age-related decom- 
pensation of an old subclinical nigro- 
striatal lesion.” 

Positron emmision tomographic stud- i 
ies support the notion that animal ex- ` 
periments are clinically relevant. More- 
over, the observations on animals also 
facilitate interpretation of PET. Since its 
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inception, a persistent paradox has ob- 
scured the interpretation of PET with 
fluorodopa. Whereas human postmor- 
tem analyses of brains have revealed 
marked differences between striatal do- 
pamine concentrations in normal and 
parkinsonian subjects, in vivo studies 
with PET have yielded lessstrikingsepa- 
ration. This conflict may be resolved by 
taking into account the finding that in 
animals with partial lesions of the ni- 
grostriatal bundle, the removal of dopa- 
mine from the synaptic cleft is substan- 
tially impaired because the decreased 
number of dopaminergic nerve endings 
means that active reuptake is de- 
ereased. Thus, whereas the intracellular 
content of striatal fluorodopamine 
formed from the exogenous fluorodopa 
PET tracer would be reduced by lesions 
of the nigrostriatal bundle, the accumu- 
lation of extracellular fluorodopamine 
might be enhanced. These predictions 
have recently been confirmed by direct 
neurochemical measurements in 6-hy- 
droxydopamine—lesioned animals treat- 
ed with L-dopa.” Since PET cannot dis- 
tinguish between intracellular and 
extracellular pools of labeled com- 
pounds, the technique can be expected 
to provide an index of the parkinsonian 
striatal deficit that is consistently closer 
to normal values than estimates ob- 
tained from postmortem studies. Fur- 
thermore, in the postmortem setting, 
dopamine that is not sequestered in the 
storage vesicles of nerve endings is 
more readily available for biochemical 
degradation during the interval be- 
tween death and brain analysis. This is 
conducive to increasing the separation 
of neurochemical findings between pa- 
tients with idiopathic parkinsonism and 
normal subjects. Finally, it is also possi- 
ble that the difference may derive, in 
part, from dissimilar kinetic systems for 
handling exogenous and endogenous 
levodopa. 
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COMMENT 


The considerable power of adaptive 
mechanisms in certain neural pathways 
has implications for the search for the 
pathogenesis of neurodegenerative dis- 
ease. In the case of degeneration of the 
nigrostriatal dopamine neurons, sub- 
stantial compensatory events may oc- 
cur and could interfere with the detec- 
tion of functional impairments for an 
extended period of time. 

If a similar situation obtains in the 
other common neurodegenerative dis- 
orders, there may be a shared category 
of pathogenesis in which early causal 
events occur without recognition be- 
cause compensatory mechanisms pre- 
clude clinical expression. Moreover, the 
compensatory activity may have long- 
term deleterious effects. Further analy- 
sis of the neurobiology of compensatory 
adjustments might allow the develop- 
ment of improved methods for the de- 
tection and treatment of a variety of 
neurologic disorders. 
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Corpus Callosotomy for Intractable Seizures in the 


Pediatric Age Group 


Richard E. Nordgren, MD; Alexander G. Reeves, MD; Adele C. Viguera; David W. Roberts, MD 


e The results of corpus callosotomy in 18 
patients 16 years old and younger are pre- 
sented. Eighty-three percent of our patients 
have had a significant improvement from the 
surgery (a decrease in seizure frequency of 
greater than 80% or no longer having gener- 
alized atonic, tonic, or tonic-clonic seizures). 
The procedure seems to be well tolerated in 
young patients, and we have not noted a 
postoperative deterioration in behavior, 
memory, or language function in our pa- 
tients. One of our patients died in status epi- 
lepticus 3 months after surgery. Neverthe- 
less, we have not encountered any serious 
morbidity in our other patients. Corpus callo- 
sotomy can be considered for children with 
intractable seizures, especially when gener- 
alized atonic, tonic, or tonic-clonic (whether 
primary or secondary) seizures are the major 
seizure type. 

(Arch Neurol. 1991 ;48:364-372) 


C orpus callosotomy is becoming a 

more widely used procedure in the 
treatment of intractable epilepsy and 
has been carried out in many patients in 
the pediatric age group. However, 
there have been very few series that 
have reported results in children exclu- 
sively.“ The purpose of this article is to 
present the results of callosotomy per- 
formed in 18 children 16 years old and 
younger at the Dartmouth-Hitchcock 
Medical Center, Hanover, NH, and to 
review the results of callosal sectioning 
in children from other series reported in 
the literature. 
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PATIENTS AND METHODS 


Our patients have had diverse causes of 
their epilepsy, including neonatal complica- 
tions, infantile spasms, porencephaly, viral 
encephalitis, acute infantile hemiplegia, Ras- 
mussen’s syndrome, and Sturge-Weber syn- 
drome. Also, several patients have been di- 
agnosed as having  Lennox-Gastaut 
syndrome secondary to various causative 
factors. The indications for corpus callosot- 
omy in our series were as follows: (1) medical 
intractability of seizures (at least 4 years of 
intractable seizures with the attempted use 
of all standard anticonvulsants); (2) seizure 
type potentially amenable to callosotomy 
(particularly generalized atonic, tonic, or 
tonic-clonic seizures); (3) potential functional 
benefit if improvement in seizure control is 
achieved; (4) no single epileptiform focus 
identified. 

Potential cases were evaluated by history, 
physical examination, neuroimaging, elec- 
troencephalography (EEG), neuropsycho- 
logical testing, and Wada test when feasible. 
Long-term video-EEG monitoring and mag- 
netic resonance imaging scanning have been 
carried out on patients since 1987. 

Patients in this series who were operated 
on between 1971 and 1980 have been included 
in previous reports.”’ Six of our patients 
have had a complete callosal section per- 
formed in one operation, three patients have 
had only an anterior callosotomy, while nine 
patients have had a two-stage complete callo- 
sotomy. Complete callosal section, early in 
the series, included division of the entire cor- 
pus callosum (together with the underlying 
hippocampal commissure, one fornix, and 
the anterior commissure’); anterior callo- 
sotomy ineluded division of approximately 
the anterior two thirds of the callosum; and 
two-stage commissurotomy included divi- 
sion of the entire corpus callosum and hippo- 
campal commissure.” While most patients 
with anterior section will also need the poste- 
rior third sectioned, we now stage the corpus 
callosum section to prevent the side effects 
of total section in those who may not need the 
entire operation. One patient who had evi- 
dence for predominantly posterior seizure 


activity had the posterior callosum sectioned 
first. 

We have used the International Classifica- 
tion of Epileptic Seizures ACES)" for our 
patients’ seizures. Most of our patients have 
had their seizures classified by historical 
data, for we have had video-EEG monitoring 
available at our institution only since 1987 
(Table 1). We have also used the ICES for 50 
patients reviewed from the literature who 
were 16 years old or younger at the time of 
their surgery (Table 2).'*"""’ We feel that 
there are adequate data to classify the 50 
patients’ seizures, although the clinical de- 
tails of the seizures vary and often there is a 
very limited description of the seizures. In 
our classification, we have included general- 
ized tonic and generalized tonic-clonic sei- 
zures together and focal myoclonic seizures 
with simple partial seizures. 


RESULTS 
Effect on Seizures 


Of the 86 patients who have under- 
gone corpus callosotomy at the Dart- 
mouth-Hitchcock Medical Center, 18 
have been 16 years old or younger at the 
time of surgery and have had greater? 
than 2 years of follow-up. Table 1 sum- 
marizes the clinical data on these pa- 
tients, while Table 2 summarizes clinical 
data on 50 patients from the literature 
who have undergone corpus calloso- 
tomy by age 16 years. Table 3 summa- 
rizes the results of our patients and the 
patients from the literature using fre- 
quency of all seizures for the two 
groups, and Table 4 summarizes the re- 
sults of callosotomy by seizure type for 
the two groups. 

As can be seen from Table 3, the ma- 
jority of our patients have had a greater 
than 80% reduction in overall seizure 
frequency. Also, one patient in the “b0%, 
to 80% reduction” group and one patient | 
in the “no significant change” group are 
no longer having incapacitating seizures 
and can be considered much improved in 
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Table 1.—Results of Corpus Callosotomy in 18 Patients * 

























































noncompliant 





Seizure Postoperative New Seizure 
Compii- eee e generate tee, 
cations, Frequency 
co Patient Opera- Post- a_r 
No./Age, tion, operative Preopera- Postopera- Overali 
y/Sex. Clinical Data Year Status Type tively tively Type Frequency Resultst 
1791M L hemiparesis de- Complete, Postoperative Atonic Many/day None None None Seizure 
veloped 5 d at- 1972 aseptic menin- GTC Many/week None free 
ter DPT; sei- gitis, hydro- 
zures began at cephalus, VP 
age 4 y shunt; em- 
ployed, gradu- 
ated from high 
school 
2/16/M Intracerebral Complete, Retarded, no R simple partial 4-S/wk Occasionai Complex Several/day No 
è bleeding at age 1973 functional -GTC partial significant 
2 y; seizure on- change R simple partial 5-10/d 1-3/d change 
setat age 4 y; Absence Many/day None 
; retarded Atonic Many/day None 
= 8/15/M. Herpes atage 10 Complete, Working Complex partial 3-4/d None Simple 4-5/wk, no >80% 
es = iy emergent. R 1975 partial location reduction 
temporal fobec- Complex 10/mo Several first : 
tomy; mild L partial-+GTC year, none 
hemiparesis; in since 
school; NP: ver- Atonic 10/mo None 
bal, 92; perfor- 
mance, 74; full 
scale, 82 
4/15/M = 8-hour prolonged Complete, Postoperative Complex partial Several / None R simple t/mo >80% 
tocal R-side sei- 1976 aseptic menin- week partial reduction 
zure with fever gitis; working; GTC Occasional 3 in first R focal epi- Rare 
as infant; sei- noncompliant; year, lepsy partia- 
zures began at R hemiparesis none since lis continua 
age 10 y; NP: worse after when non- 
verbal, 83; per- episodes of R Atonic Occasional None compliant 
formance, 99; epilepsy par- 
full scale, 89; tialis continua 
behavior prob- that occur 
lems only when 










































































cation 


§/16/M Mumps encephali- Complete, Graduated from Complex partial 3-5/d None Simple 1/mo > 80% ] 
tis at age 7 y; 1976 high school GTC Several/ 1/mo partial reduction. 
coma, 5 d; per- with special week 
sonality change classes, voca- Absence Many/day None 
after that; sei- tional 
zure onset at program; 
age 9 y; NP: working on 
verbal, 76; per- parents’ farm; 
formance, 72; no violence 
full scale, 72; 
severe violent 
behavior 

6/16/F R porencephaly, PC, 1980; improvementin Absence Several / Vid > 80% 
hemiparesis; NP: AC, school work; day reduction 
verbal, 73; per- 1980 NP: verbal, Simple partial Several / None 
formance, 72; 81; perfor- —GTC day 
fult scale, 71 mance, 83; full 

scale, 81 

7/15/M Difficult birth, intra- AC, 1983 Behavior better Complex 1-2/d <1/mo R simple <1/y >80% 
ventricular and in school partial partial reduction 
hemorrhage; R simple Several / None followed by 
seizure onset at partial day fall to 
age 2 y; bilat- GTC Occasional None ground 
eral atrophy on 
computed to- 
mography; re- 
tarded, severe 
behavior prob- 
lem 

8/14/F Onset 5.5 mo pro- AC, 1983; Less drowsy, Absence Many/day None Clusters Every few > 80% 
longed febrile PC, jess ataxic Complex Many/week None of simple weeks reduction 
seizure; NP: ver- 1984 partial partial, 
bal, 52; perfor- GTC Several/ None R or L, only at 
mance, 41; fuli week night 
scale, 45; very Rort Many/week None 
drowsy and simple 
ataxic on medi- partial >GTC 











-t indicates left; R, right; DPT,diphtheria-pertussis-tetanus immunization; NP, neuropsychologic testing; PC, posterior callosotomy; AC, anterior callosotomy; GTC, gen- 
eralized tonic-clonic; CSF, cerebrospinal fluid; RDS, respiratory distress syndrome; absence, generalized absence; and atonic, generalized atonic. 
> fNo-significant change indicates less than 50% reduction in total seizure frequency. 
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Table 1.—Results of Corpus Callosotomy in 18 Patients * (cont) 


Seizure Postoperative New Seizure 
Compii- aaa S aaa interne, 
cations, Frequency 
Patient Opera- Post- eae eeen, 
No./Age, tion, operative Preopera- Postopera- Overall 
y/Sex Clinical Data Year Status Type tively tively Type Frequency Resultst 
9/12/M_ = Seizure onset at AC, 1983; Better in school, Complex 3-5/d None R simple Several/day 50%-80% 
age 5 y; partial PC, graduated partial partial reduction 
L frontal lobec- 1984 from high —GTC in seizure 
tomy at age 12 school with Atonic Occasional None R simple Occasional frequency, 
y; path: gliosis, special partial with but no 
Rasmussen's classes slump to disabling 
syndrome; NP: ground seizures 
verbal, 58; per- 
formance, 64; 
full scale, 57 








10/15/F Birth cyanosis, AC, 1983; No change Absence Many/day No change deed es No significant 
seizure onset at PC, GTC 5-10/ wk No change change 
age 1y; ?Len- 1984 
nox-Gastaut 
syndrome; se- 
verely retarded 





11/14/M Generalized sel- AC, 1984 In school; NP: Absence Hundreds/ None L simple 1-2/d >80% 
zure with high verbal, 65; day partial reduction 
fever at age 1 performance, Generalized Many/week None R simple Occasional 
y; Lennox-Gas- 48; full scale, myoclonic—> partial 
taut syndrome; 52 thrown 
NP: verbal, 60; to ground 
performance, Atonic Many / day “Graceful Occasional 
51; full scale, drop to 
52 tioor 


12/10/M Normal until age 3 AC, 1984; Starting to read, Absence Many/day Many/day R simple No reduction 
y; onset of PC, mild trouble GTC Several/ Rare Partial in overall 
“petit mal" and 1985 carrying out week seizure 
later multiple simultaneous Generalized Daily None frequency, 
seizure types; activities both myoclonic but not 
?Lennox-Gas- hands with falling having 
taut syndrome; Generalized 2-3/ wk devastating 
severely re- myocionic, seizures 
tarded; NP test- no falling 
ing not possible 


13/7/F Premature, RDS, AC, 1984; No change in Atonic Many/day None aan EA >80% 
neonatal sei- PC, functional sta- Simple 200-300/d 0-10/d reduction 
zures; retarded, 1985 tus other than partial 
not able to improved sei- 
communicate; zure control 
NP not testable 


14/8/F Onset of seizures Complete, mo postopera- R and L; simple Many/day Died in status asi Ses Deceased 
at age 6 mo; R 1985 tively devel- partial epilepticus 
parietal cortical oped CSF GTC 2-6 / wk 3 mo after 
resection at leak; CSF surgery 
age 3 y, com- drain and Es- 
puted tomogra- cherichia coli 
phy and mag- meningitis; 
netic resonance bone flap re- 
imaging: atro- moved; asep- 
phy (general- tic meningitis, 
ized) and R pa- frequent sei- 
rietal resection; zures 
L-sided hemi- 
atrophy; 
thalassemia 
trait; severely 
retarded; fre- 
quent episodes 
of status epilep- 
ticus 


15/8/M Sturge-Weber AC, 1985; Behavior and Generalized ek ass >80% 
syndrome, R PC, functional sta- myoclonic reduction 
hemiparesis; 1985 tus much im- with falling 
seizures began proved backward 
at age 3 y; R simple Severat/ None 
computed to- partial week 
mography: L GTC 
calcification and R simple Several/ Several/ 
hemiatrophy; 1Q partial day week 
between 45 and 
54; behavior 
problems 
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Table 1.—Results of Corpus Callosotomy in 18 Patients * (cont) 


Seizure 











Postoperative New Seizure 













































y; computed 
tomography: 
hemiatrophy R 
side 


regard to their quality of life. 

Table 4 summarizes our results by sei- 
zure type, and, as can be seen, more 
incapacitating seizures were quite like- 
ly to improve after corpus callosotomy. 
Eighty percent of our patients and 71% 
of the patients reviewed with primary 
generalized tonic or tonic-clonic sei- 
zures had either a greater than 80% re- 
duction or no seizures of this type post- 
operatively. All of our patients and 60% 
of the patients reviewed with secondary 
generalized seizures had at least an 80% 
reduction in the number of this type of 
seizure postoperatively. With seizures 
associated with a sudden fall to the 
ground (generalized atonic or general- 
ized myoclonic with falling), 11 (92%) of 
12 of our patients are no longer having 
‘his type of seizure, and one patient has 
aad an 80% seizure reduction. In the 
reviewed patients, 11 (65%) of 17 are no 
onger having this type of seizure, while 
‘wo (12%) have had a greater than 80% 
‘eduction. The frequency of generalized 
ibsence seizures and complex partial 
seizures without generalization have 
ilso improved postoperatively in most 
of our patients, 

Simple partial seizures are the most 
common seizure type present after sur- 
gery. Fifteen of our patients have had 
simple partial or focal myoclonic sei- 
tures after surgery, and in nine of these 
yatients, the focal seizures are a new 
Jhenomenon. One patient developed a 
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Compii- aaa T aa 
cations, Frequency 
Patient Opera- Post- amaaan 

No./Age, tion, operative Preopera- Postopera- Overall 

y/Sex Clinical Data Year Status Type tively tively Type Frequency Resultst 

16/ 16/F Prolonged febrile AC, 1986 Improved behav- Absence Many /day Rare R simple 10-20/mo >80% 
seizure; institu- ior, living in partial reduction 
tionalized; NP: group home GTC 20-30 in a 4-5/mo L simple 1-2/mo 
verbal, 56; per- day sev- partial 
formance, 69; eral 
full scale, 59 days/ 

month 
Atonic Occasional Rare (only 
when ill) 

17/16/M — Onset of infantile AC, 1986, More alert, Atonic 5-6/d None Simple partial Several/ >80% 
spasms with PC, improved GTC Several / None with partial week reduction 
hypsarrhythmia 1987 behavior month loss of pos- 
at age 3 mo; Focal 50-60/d Few on tural tone 
severely re- myoclonic awakening 
tarded, L hemi- jerks 
paresis Complex Daily Several / 

partial week 

18/13/F Birth asphyxia; AC, 1987; More alert, Absence Many /day 2-3/d peri- L simple Several/day >80% 
retarded; NP PC, improved Complex 1-2/0 menstrually partial reduction 
testing not pos- 1987 behavior partial 1/mo with- 
sible; seizures —>GTC out gener- 
began at age 6 alization 


new type of simple partial seizure after 
surgery with more intense manifesta- 
tions than in his previous focal seizures 
(about once per month he has a partial 
seizure with slumping to the ground), 
and one patient developed more fre- 
quent simple partial seizures after sur- 
gery, but was no longer having general- 
ized atonic or tonic-clonic seizures. 
While we have had one patient develop 
complex partial seizures as a new sei- 
zure type postoperatively, there have 
been no patients with generalized aton- 
ic, absence, or tonic-clonic seizures 
postoperatively who did not have this 
type of seizure prior to surgery. 


EEG Changes 


The EEG changes in our patients fol- 
lowing surgery were similar to those 
reported in other series." Fifteen of 
our patients had clearly synchronous 
bursts of epileptiform activity prior to 
surgery and after callosotomy; nine of 
these had no synchronous bursts noted 
on postoperative EEGs, four had a 
markedly decreased frequency of syn- 
chronous bursts, and two had no obvi- 
ous decrease in the frequency of syn- 
chronous bursts. Seven of our patients 
had clearly demonstrated independent 
epileptiform discharges from either 
hemisphere prior to surgery. Postopera- 
tive EEGs in these patients demon- 
strated only unilateral discharges in 
four patients, two patients had no sig- 











nificant change in the independent dis- 
charges, and one patient had no inde- 


pendent unilateral discharges on 
postoperative EEGs. Usually there was 
no change noted in background activity 
after surgery. It is difficult to extrapo- 
late too much from the above data, since 
the EEGs in most of our patients are not 
prolonged recordings and mostly inter- 
ictal samplings. However, it is sugges- 
tive that in many of our patients the 
synchronous discharges in fact repre- 
sent secondary bilateral synchrony and 
that the corpus callosum is important 
for the development of these bilateral 
discharges. 


Behavioral Changes 


Transient “mutism” and paresis of the 
nondominant leg have been a minimal 
and short-lived problem in patients who 
have had a two-stage procedure,” while 
more severe difficulties were seen in 
some of the earlier patients who under- 
went a complete section. Our patients 
have all adapted to the chronic right/eft 
afferent disconnection that follows sec- 
tion of the posterior half of the callosum. 

Neuropsychologie testing was at- 
tempted in all of our patients prior to 
surgery, and there were no patients 
who had a significant deterioration in 
the test scores postoperatively. We 
have not noted the development of new 
language problems as reported by oth- 
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Table 2.—Results of Caliosotomy in 50 Reviewed Patients* 


Seizure Type 


Patient 


No./Age, y Preoperatively 


remenna N e, 


Overali 
Postoperatively Resultst 


Commentt 


Etiology, Presence 
of Focal Findings 





4/10 GTC 





Van Wagenen and Herren'°§ 
Occasional “petit mal" >80% reduction 





6/16 GTC 


GTC No significant 
change 


L hemiparesis 





Partial section 





10/14 Multiple types 


Simple partial->GTC 


Jacksonian until medi- >80% reduction 


cation restarted 
Luessenhop et al' 
Occasional simple >80% reduction 
partial 


CVA at age 2 y, L hemi- 
paresis 


L hemiplegia 





GTC 


Occasional simple >80% reduction 


partial 


L hemiparesis 





GTC 
Simple partial 


Occasional simple >80% reduction 


partial 


Epilepsia partialis con- 
tinua followed by L 
hemiparesis 





Simple partial-+GTC 


Simple partial-GTC 
Simple partial 





Simple partial-+GTC No significant 
change 

Amacher" 

None >80% reduction 


75% reduction 


L hemiplegia, atrophy in 
R hemisphere 





Major motor 
Atonic 
Simple partial 


50%-80% 
reduction 


None 
50% reduction 
50% reduction 





GTC 
Atonic 


Absence; GTC; 
myoclonic 
GTC 6/d 


Absence; myoclonic; 
atonic 


Atonic, 3/d 


90% reduction 
100% reduction 


>80% reduction 


Geoffroy et al’ 
Total seizures, 20/d >80% reduction 
preoperatively; 
3 myoclonic /day 


postoperatively 


§0%-80% reduction, 


Atrophy in R brain 


but no major 


seizures 











Occasional GTC, 1-2 
simple partial /week 
Preoperative “petit mal 
status”; postopera- 

tive 3 myoclonic / day 
Simple partial, 3/wk 


>80% reduction 





>80% reduction 


>80% reduction 





Atonic 

Absence 

GTC, 15/d 

Simple partial-+tonic 
and tonic-clonic, 
5/d 





Atonic, 20/d pre- and 
postoperatively 

Atonic, 5/d 

Atonic, 5/d 


No significant 
change 

>80% reduction 

>80% reduction 





GTC, 6/d 


Simple partial, 1-2/d >80% reduction 





Atonic, every 5 min; 
GTC; absences 


Complex partial 


GTC, myoclonic, ab- 
sence, akinetic; to- 
tal, 5/d 


Simple partial, 1/d >80% reduction 
Gates et al’? 
No significant 
change 


No change 


Lassonde et af 


Seizure free O seizures 











Primary CNS neuroblas- 
toma with radiation 
necrosis 





Atanic; GTC, 4/d 


“Minor nocturnal,” >80% reduction 


2-3/mo 





GTC and atonic, 15/d 


Simple partial, 4-5/mo >80% reduction 





Compiex partial and 
GTC, 8-10/d 


Simple partial, GTC, 
myoclonic, 30/mo 


Simpie partial, 1/mo >80% reduction 
Garcia-Fiores**¢ 
50%-80% 
reduction 


73% reduction 





Simple partial, GTC, 
complex partial, 35/ 
mo 


99.6% reduction >80% reduction 





Absence, atonic, sim- 
ple partial, GTC, 
40/mo 


22% reduction No significant 


change 


Keffler-Landau syndrome, 
L frontotemporal 
atrophy 





Anterior 
section 





Anterior 
section 


Head trauma, Lennox- 
Gastaut syndrome 





* GTC indicates generalized tonic-clonic; R, right: L, left; CVA,cerebrovascular accident; CNS, central nervous system: absence, generalized absence; and atonic, gen- 


eralized. atonic. 


tNo significant change indicates less than 50% reduction in seizure frequency. 
+Patients had either a total callosotomy or a two-stage procedure unless mentioned in “Comment” section, 


§Series only has follow-up of a few months. 


iSeries does not comment on lateralizing features. 


{Series does not comment.on postoperative seizure type. 


# Seizure frequency not listed; only % change. 
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Table 2.—Results of Callosotomy in 50 Reviewed Patients * (cont) 








Seizure Type 





















Patient EEE Overait Etiology, Presence 
No./Age, y Preoperatively Postoperatively Resultst Commenti of Focal findings 
4/10 Simple partiai, myo- Seizure free O seizures Keffler-Landau 
clonic, GTC, 100/mo syndrome, L 
hemisphere atrophy 
6/11 Myocionic, atonic, GTC, Seizure free O seizures Anterior section Tuberous sclerosis 
17/mo 











6/13 “Salaam,” GTC, myo- No improvement No significant Anterior section Anoxic encephalopathy 
clonic, complex par- change 
tial, 23/mo 
















Rappaport and Lerman‘ 
1/13 Absence, 200/d No improvement No significant Posterior section L hemiparesis, R corti- 
change cal atrophy 
































2/2 Simple partial, 8/d; Focal, 2-3/mo >80% reduction Sturge-Weber 
GTC, 2-3/d syndrome, R 

hemiparesis 

3/9 Simple partial, 2/d; Seizure free O seizures L frontal lobectomy R hemiparesis, L 
GTC, 2/d followed by posterior porencephaly 
callosotomy 

6414 Simple partial, 3-5/d; Simple partial, 4/mo >80% reduction Sturge-Weber 
GTC, 2d syndrome, L 

hemiparesis 












6/12 Atonic, 6/d Atonic, 1-2/mo >80% reduction Anterior section R hemiparesis, L 
cerebral atrophy 


R frontoparietal atrophy. 













Anterior section 





Atonic and GTC, 3-/4d Seizure free O seizures 




































Spencer et al"? 

5/15 Simple partial, 500/mo; Simpie partial, 10/mo >80% reduction Previous R temporal L hemiparesis, R 
complex partial, 20/ lobectomy, total hemiatrophy 
mo; GTC, 10/mo section 

10/12 Simple partial, 20/ mo; Simple partial, 10/mo; No significant L frontal 
complex partial, 20/ complex partial, 10/ change encephalomalacia 
mo; GTC, 8/mo mo; GTC, 20/mo 

Simple partial, 300/ mo; Simple partial, 10/mo; 50%-80% reduction R hemiparesis, 

complex partial, complex partial, 50/ L hemiatrophy 
200/mo; GTC, 30/ mo; GTC, none 






mo 
Simple partial, 200/mo; Simple partial, 200/ mo; No significant More intense L hemiparesis 
complex partial, complex partial, change partial seizures 

100/mo; GTC, 30/ 100/mo; GTC, none 

mo 



























Purves et al'*# 















7/13 Simple partial; complex Simple partial, >80% >80% reduction Anterior section L hemiparesis, R 
partial reduction; complex porencephaly 
partial, >80% reduc- 
tion 
18/13 Complex partial (two Complex partial, >80% 50%-80% reduction Anterior section L incoordination 
types) reduction of one 







type, slight reduction 
of another type 






Makari et al* 


































































2/11 Simple partial GTC, Simple partial GTC, 50%-80% reduction Anterior section 
75/mo; complex par- 4/mo; complex par- 
tial, 75/mo tial, 30/mo 
3/11 GTC, 120/mo; atonic, Simple partial, 90/ mo >80% reduction Anterior section Asphyxia, L 
600/mo hemiparesis 
7/16 GTC, 1/mo; absence, Seizure free O seizures Anterior section Dysgenesis of corpus 
30/mo callosum 
8/7 GTC, 30/mo; tonic, GTC, 30/mo; tonic, No significant Anterior section 
150/ mo 150/mo change 
10/7 GTC, 60/ mo; atonic, Simple partial, 90/ mo No significant Anterior section R hemiparesis, 
90/mo change in L hemisphere 
overall frequency atrophy 
14/14 GTC, 30/mo; tonic, GTC, 30/mo; tonic, No significant Anterior section 
30/mo 30/mo change 
18/7 GTC, <1/mo; atonic, GTC,<1/mo >80% reduction Anterior section R hemiparesis, L 
600/ mo hemisphere atrophy 
20/8 GTC, 6/ mo; complex GTC, 6/mo; complex 50%-80% reduction Anterior section 
partial, 30/mo partial, 3/mo 
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ers following surgery.” Also, none of 
our patients have had an increase in, or 
development of, violent behavior or oth- 
er behavioral problems. Many patients 
have had a very marked improvement in 
their behavior and alertness after callo- 
sal sectioning, presumably on the basis 
of decreased seizures and lower levels of 
anticonvulsant medications. 


COMMENT 


Corpus callosotomy has been used for 
the treatment of intractable seizures 
since 1939, when Van Wagenen and 
Herren” first introduced the procedure. 
However, it was not until the 1970s that 
this procedure became widely used, and 
there have been very few reports limit- 
ed to children. Our results in 18 patients 
have been quite similar to those report- 
ed in large series of patients of all ages. 
For comparison, we have reviewed the 
published series of patients and ana- 
lyzed the results in 50 patients 16 years 
old or younger for whom there are suffi- 
cient data to determine the types of sei- 





Table 3.—Results of Callosotomy: Frequency of All Seizures 


LN, 
Our Patients 


zures occurring preoperatively and for 
whom there are also postoperative sei- 
zure data (Table 2). Except for a series 
by Van Wagenen and Herren, there 
have been follow-ups of at least 6 
months in the reviewed cases. 

Corpus callosotomy should not be ex- 
pected to eliminate seizures (even 
though we have had one child and there 
were six children reported who are sei- 
zure free after callosotomy) but, rather, 
to ameliorate more disabling seizures. 
Analysis by seizure type gives a better 
indication as to the expected results of 
callosal sectioning, and our results and 
those of the patients reviewed demon- 
strate that callosotomy can dramatical- 
ly reduce the frequency of more dis- 
abling seizures (generalized atonic, 
tonic, and tonic-clonic). 

When considering corpus callosotomy 
as a means of seizure control for a pa- 
tient with intractable epilepsy, one 
must determine whether the patient is 
having seizures of a type that are likely 
to respond to the surgery. Also, one 
must consider whether the clinical de- 


No. (%) 


Patients Reviewed 






































Postoperative Frequency (N = 18) (N = 50) 
Seizure free 1 (6) 6 (12) 
>80% reduction 12 (67) 26 (52) 
§0%-80% reduction 1 (6) 6 (12) 
No significant change 3 (17) 12 (24) 








Deceased 





1 (6) 












None reported 


Table 4.—Analysis of Results by Seizure Type 


Seizures 


Postoperative Reduction 


peee eneee 


No. of Our Patients (Reviewed Patients) 
aaaeeeaeo neee EN 


scription of the seizure allows one to 
classify accurately patients seizures. 
We have found that, even with video- 
EEG monitoring, it is not always possi- 
ble to exactly classify patients sel- 


zures. If, however, seizures are 
considered on the basis of the most obvi- 
ous clinical feature during the actual sei- 
zure, one can use historical data or clini- 
cal observation of seizures for a 
classification that is clinically very use- 
ful when assessing whether the patient 
may or may not be a candidate for callo- 
sotomy. With this in mind, we have con- 
sidered two groups of seizures on the 
basis of obvious outcome of the seizure, 
regardless of the classification using the 
ICES criteria. The first are brief sei- 
zures during which the patient has a 
sudden fall to the ground, either be- 
cause of a loss of tone or because of a 
positive phenomena (ie, a myoclonic 
jerk). The second is the combined group 
of generalized tonic or tonic-clonic sei- 
zures, with focal or generalized onset. 
The exact mode of onset or exact clinical 
manifestations do not appear to be cru- 
cial when trying to categorize patients 
seizures into these two groups, and we 
have found that the response to callo- 
sotomy is not appreciably different if 
one considers subgroups of the larger 
two groups, 

Brief seizures with falls are devastat- 
ing to patients, often resulting in inju- 
ries and restricting patients’ ability to 
function independently. These seizures 
usually occur many times per day and 
are often the most refractory to control 
with anticonvulsants. Table 5 combines 





Inadequate Data 





























































* Patient no longer having myoclonic seizure with falling postoperatively. 


Present Absent Postoperative to Quantity 
Type Preoperatively Postoperatively >80% 50%-80% <50% increase Postoperatively 

Generalized tonic or 

tonic-clonic 10 (38) 5 (24) 3 (3) (1) 2 (9) sae CAE deeb al 
Generalized atonic 9 (17) 8 (11) 1 (2) (2) ... (2) gah od wei God 
Generalized absence 9 (8) 4 (5) 36.2 eee One) | 2 (3) veo) es ee 
Generalized myoclonic 

without falling 1 (7) (3) eee, (1) (1) 1) (2) 
Generalized myoctonic 

with falling 3 (0) 3(...) E ore, reale) Pra Cee | or er, meee fees 
Simple partial without 

generalization 6 (15) 1 (2) 3 (5) 1 (5) 1 (2) we. (1) 
Simple partial with 

generalization 4 (5) 3t @) 1 (3) Sante ed (4) ern Cae | bidet (Bice) 
Complex partial without 

generalization 6 (13) 4(1) 4 (5) 1 (3) (4) Peet ae) ween Gis) 
Complex partial with 

generalization 3 (0) 2.) 


+Two patients had simple partial seizures without generalization postoperatively. 
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the results for brief seizures with a sud- 
den fall to the ground (generalized aton- 
ic and myoclonic with falling) for our 
patients and the reported patients. 
These data would indicate that corpus 
callosotomy is an effective treatment 
for these types of seizures in that all of 
our patients have had at least an 80% 
reduction of these debilitating seizures 
(92% no longer having these types of 
seizures), while 76% of the patients re- 
viewed have had at least an 80% reduc- 
tion (65% no longer having these types 
of seizures), 

Obviously, generalized tonic and gen- 
eralized tonic-clonic seizures are also 
disabling to a patient. As noted above, it 
is often-very difficult to tell on the basis 
of description whether these are prima- 
ry generalized or secondary generalized 
seizures and, therefore, we have com- 
bined the results for all generalized ma- 
jor motor convulsions in Table 6. In our 
series, 15 (88%) of 17 patients have had 
at least an 80% or greater reduction of 
generalized tonic or tonic-clonic sei- 
zures, and, in the patients from the lit- 
erature, 31 (69%) of 43 patients have 
had at least an 80% reduction in these 
seizures. 

Both in our series of patients and in 
those reviewed, simple partial seizures 
were frequent following surgery (15 of 
our 18 patients) and, in nine of these 
patients, the focal seizures were a new 
type. One of our patients and one of the 
patients reviewed developed more in- 
tense focal seizures. Many generalized 
seizures were converted to focal sei- 
zures, but almost always the focal sei- 
zures were considered less disabling to 
the patient. 

The above data indicate that corpus 
callosotomy is an effective procedure 
for the treatment of intractable general- 
ized seizures in young patients. The data 





also show that many patients with com- 
plex partial seizures will improve. There 
has been a less predictable response for 
simple partial seizures, and many pa- 
tients have had their generalized sei- 
zures converted to more focal seizures. 
In our series, we have had one patient 
who developed complex partial seizures 
as a new seizure type postoperatively 
and we have had no patients with per- 
sisting tonic or tonic-clonic generalized 
convulsions and akinetic or absence sei- 
zures who did not have this type of sei- 
zure preoperatively. 

Our present approach is to carry out 
the callosal section as a two-stage proce- 
dure to spare patients the potential ef- 
fects of total disconnection. If there has 
not been a significant improvement in 
seizure control after the first stage, 
completion of the section is performed. 
There have been series where only par- 
tial corpus callosotomy has been per- 
formed,*" but it has been pointed out 
previously that there is more likely to be 
improvement in seizures after a com- 
plete section than after a partial sec- 
tion.” This has been our experience. Of 
our 12 patients who initially had a par- 
tial section (posterior section was per- 
formed first in one patient), three had 
significant improvement after the first 
stage and had no further surgery and 
nine patients had completion of their 
section because of no major improve- 
ment after the first stage. Of these nine 
patients, seven had significant improve- 
ment after the second stage was per- 
formed. In the reviewed patients, 19 
have had only a partial section with an 
“excellent” response in nine patients 
(47%), while 23 (74%) of the 31 patients 
who had a total section (in one or two 
stages) had an “excellent” response. 
These data would strongly support the 
consideration for a second-stage proce- 


Table 5.—Results Combining Generalized Atonic and Myoclonic Seizures With Falling 
to the Ground 


Postoperative Frequency 


Our Patients Patients Reviewed 
{N = 12) (N = 17) 





No seizures of this type postoperatively 


11 11 





>80% reduction 


2 





50%-80% reduction 


2 





No significant change 


Postoperative Frequency 


2 


Patients Reviewed 
{N = 43) 


Our Patients 
(N = 17) 





No seizures of this type postoperatively 





>80% reduction 





50%-80% reduction 





No significant change 





increased seizures postoperatively 
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dure if the first stage has not been help- `: 
ful in controlling seizures. We have not 
yet been able to predict which patients. 
will only need a single procedure, using ` 
either clinical or EEG data. 

Sectioning of the corpus callosum ean 
result in several types of behavioral and 
psychologic problems postoperatively. 
Since we have been carrying out callo- 
sotomy as a two-stage procedure, we 
have not had the “acute disconnection 
syndrome” as a major problem postop- 
eratively. Some of our patients have had 
a very mild and transient hemiparesis 
that usually has resolved in a few days, 
and we have not had any patients devel- 
op persistent mutism postoperatively. 
We have attempted neuropsychologic 
testing in all of our patients, but this has 
not been feasible in many of them who 
are too retarded to test. Since we have 
initiated Wada testing on our potential 
callosotomy patients, none of our young” 
patients have demonstrated the ability 
to be reliably tested for language and 
memory function and, therefore, have 
not had this procedure performed. Nev- 
ertheless, none of our patients has de- 
veloped new memory or speech prob- 
lems postoperatively. We have not 
noted the psychologic deterioration 
found by Sass et al” in some of their 
patients. Less extensive neuropsycho- 
logic test batteries have been routinely 
conducted in our patients when com- 
pared with the series of Sass et al, so 
subtle changes may have been missed. 
In the 50 patients reviewed, there has 
been definite deterioration noted in 
speech, memory, language function, or 
behavior in only one patient (patient 11 
in the series by Spencer et al” and Sass 
et al). This patient appears to have had a 
significant deterioration in speech, ver- 
bal memory, and right arm function 
postoperatively. He had a right hemi- 
paresis and left cerebral hemiatrophy 
demonstrated by neuroimaging, but 
had right hand preference and right- 
hemisphere language dominance; mem- 
ory function was demonstrated in the 
right hemisphere only, 

There may be several reasons why 
these problems are not seen more fre- 
quently in young patients. While these 
may be present but not observed, it is 
more probable that the younger pa- 
tients have had a high incidence of a 
severely compromised hemisphere at 
the time of surgery and, as a conse- 
quence, language and memory function 
has been unilateral. Also, the younger 
nervous system may be better able to 
accommodate to the changes resulting 
from callosotomy. Lassonde et al were 
able to demonstrate in a small series 
that younger patients were less affected 
by complete callosal sectioning when 
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tested for unilateral discrimination and 
interhemispherie transfer of tactile in- 
formation. The authors speculated that 
younger children could use extra callo- 
sal connections for interhemispheric 
transfer of information. Nevertheless, 
hemispheric memory and language 
function should be elucidated in patients 
preoperatively, if at all possible, and the 
possible deleterious effects on motor, 
language, and speech functioning of cal- 
losotomy must be kept in mind, espe- 
cially when there is no evidence for 
same hemisphere dominance for hand 
and speech function.” 

In our series and others, patients who 
have had evidence for unilateral dis- 
ease, either on clinical examination or 
with neuroimaging, have tended to 
have the best results from surgery,’ 
while less predictable results have been 
obtained in patients with evidence of 
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diffuse pathogenicity or causes such as 
infantile spasms, Lennox-Gastaut syn- 
drome, and asphyxia. This is especially 
true when these patients are suffering 
from hundreds of seizures per month or 
having frequent episodes of status epi- 
lepticus (including our one patient who 
died in status epilepticus 3 months after 
the procedure). Of our eight patients 
with clear unilateral pathogenicity, one 
has been seizure free, six have had a 
greater than 80% reduction in their sei- 
zure frequency, and one patient has had 
a 50% to 80% reduction in seizure fre- 
quency. Six of the 10 patients with no 
clear unilateral pathogenicity have had 
a greater than 80% reduction in seizure 
frequency, three have had no significant 
change, and one patient has died in sta- 
tus epilepticus. Further study is neces- 
sary to define criteria that will select 
patients with severe diffuse pathologic 
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findings who most likely will respond to 
the surgery. 

Some authors have considered men- 
tal retardation a relative contraindica- 
tion for callosotomy,”” but our experi- 
ence has not borne this out. 

Callosotomy should be considered in 
young patients when generalized aton- 
ic, tonic, and tonic-clonic seizures are 
occurring frequently. The deleterious 
effects of frequent recurrent seizures 
and the possibility of “kindling” leading 
to more refractory seizure foci over the 
years” may add to the surgical rationale 
for early surgical intervention. Young 
patients appear to tolerate the proce- 
dure better than do older patients, and 
an improvement in control of the sei- 
zures will often improve their behavior 
and cognitive functioning. 
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© Experimental studies in rodents show 

` that 6-nerve growth factor can increase the 
survival, neurite outgrowth, and functional 
effect of grafts of adrenal chromaffin cells to 
the basal ganglia. We, therefore, have begun 
to investigate whether treatment with nerve 
growth factor might also increase the func- 
tional effect of autografts of adrenal medul- 
lary tissue in patients with Parkinson’s dis- 
ease. Previous studies have shown that 
stereotactic implantation of adrenal tissue 
pieces produces a transient functional im- 
provement that lasts for a few months. This 
report describes a trial of grafting of adrenal 
chromaffin tissue into the putamen, support- 
ed by infusion of nerve growth factor, The 
patient is a 63-year-old woman with a 19-year 
history of Parkinson's disease, now compli- 
cated by on-off phenomena and drug-in- 
duced hyperkinesia, despite optimized medi- 
cal management. The left adrenal gland was 
removed, and the medulla was dissected into 
1- to 2-mm% pieces in a solution containing 
nerve growth factor purified from mouse 
submandibular gland. Pieces were im- 
planted in six tracts 3 to 4 mm from a 
previously placed cannula in the left puta- 
men. Through the cannula, nerve growth 
factor was infused for 23 days for a total 
dose of 3.3 mg. Clinical assessment con- 
sisted of global ratings for rigidity and/or 
„hypokinesia and for drug-induced hyper- 
‘ kinesia. Measures of gait and fine-motor 
controi were also made. The motor readi- 
hess potential and auditory evoked poten- 
tials were recorded. The patient under- 
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went follow-up closely for 4 months 
before and 13 months after grafting. She 
experienced no ill effects from any of the 
procedures, and antibodies to murine 
nerve growth factor, which closely resem- 
bles human nerve growth factor in amino 
acid sequence, did not develop. In the first 
postoperative month, she had a marked 
decrease in rigidity on the right side anda 
decrease in hyperkinesia. As with other 
patients with adrenal grafts but without 
nerve growth factor support, this im- 
provement diminished during the second 
month. However, unlike these previous 
patients, our patient continued a slower 
phase of improvement that appears to 
have extended for at least the next 11 
months. This course of improvement can 
be seen in the scores from global ratings 
of hypokinesia and/or rigidity, as well as 
amplitude of the motor-readiness poten- 
tial. In addition, there was a tendency to- 
ward a decrease in the number of steps 
she needed to reverse direction while 
walking. There was no change in scores 
for hyperkinesia, speed of walking, or 
tests of fine motor control. From this sin- 
gle-patient study, it is not possible to draw 
conclusions about the mechanism of ther- 
apeutic effect or the eventual clinical utili- 
ty of this approach. It seems, however, 
that nerve growth factor treatment may be 
safe in human beings and that it may pro- 
long the effect of adrenal chromaffin 
grafts, consistent with earlier basic sci- 
ence findings. 
(Arch Neurol. 1991;48:373-381) 


xtensive evidence accumulated 

from basic laboratory investigation 
on neuronal transplantation suggests 
that various sources of catecholamine- 
containing cells might provide a func- 
tional substitute for degenerating sub- 
stantia nigra neurons in patients with 
Parkinsons disease.” Experimental 
data in rodents suggested that both fe- 
tal substantia nigra neurons” and adult 
chromaffin cells from adrenal medulla’ 
might have such potential. However, 
fetal substantia nigra neurons appear to 
produce their functional effects in de- 


nervated rat caudate by forming a new 
dopaminergic innervation, whereas ad- 
renal chromaffin cells synthesize and re- 
lease dopamine and noradrenaline to 
diffuse into the caudate, and do not form 
nerve fibers or synapses.” Because of 
the difficulties involved with fetal graft- 
ing, including the potential need for life- 
long immunosuppression, adrenal tis- 
sue was chosen for the initial clinical 
trials. ™" This tissue source has the dis- 
tinct advantage of being available as an É 
autograft, ie, from the patient's own ad-. 
renal medulla. Stereotactic implanta- 
tion of adrenal medullary cells into the 
putamen of patients with Parkinson’s 
disease produces a decrease in several 
parkinsonian symptoms. These effects 
include immediate marked improve- 
ments lasting for a day or two, probably 
caused by acute release of large 
amounts of catecholamines from the 
grafts, as well as more subtle improve- 
ments, particularly in the “off” symp- 
tom phase, that last, at most, a few 
months. However, all changes general- 
ly disappear by 90 days.” To provide a 
longer-lasting effect, other approaches 
have been tried. Open neurosurgical im- 
plantation of large pieces of adrenal me- 
dulla into the caudate nucleus showed 
initial promise,” but further clinical tri- 
als were less encouraging, and the mor- 
bidity and mortality were greater than 
that experienced with stereotactic im- 
plantation. ™” Human fetal dopamine 
neuroblasts produce longer-lasting 
change, *“ which suggests that the fiber 
outgrowth from the graft may be critical 
for more prolonged therapeutic effect. 
However, the problems of immunosup- 
pression, infection, and other disadvan- 
tages of the fetal tissue source remain. 
Several ways in which the efficacy of 
chromaffin grafts might be increased 
are known (for further review, see ref- 
erence 19). Perhaps the most straight- 
forward and best supported by animal 
data" would be to infuse nerve growth 
factor into the grafted area for a period 
of time after grafting. When chromaffin 
tissue is implanted into the dopamine- 
denervated rat striatum, temporary 
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nerve growth factor infusion has sever- 
al, apparently permanent, beneficial ef- 
fects. First, many more chromaffin cells 
survive. Second, many of these cells 
transform into neuronal phenotypes, so 
that the host striatum becomes inner- 
vated by a network of graft-derived cat- 
echolamine-containing nerve fibers. 
Third, long-term functional recovery is 
improved, as measured by a reduction 
in apomorphine-induced rotations 1 
year after grafting. 

In the present report, we describe a 
technique of growth factor administra- 
tion to the brain and the results of the 
first attempt to support chromaffin 
autografts in a patient with severe Par- 
kinson’s disease by intraputaminal infu- 
sion of nerve growth factor during the 
first postoperative month. No negative 
effects could be ascribed to the nerve 
growth factor treatment. Parkinsonian 
symptoms gradually declined in this pa- 
tient and, 1 year after cessation of nerve 
growth factor treatment, the scores on 
some clinical rating scales are still sig- 
nificantly better than those recorded 
preoperatively. We, therefore, con- 
clude that the technique of using nerve 
growth factor support for stereotacti- 
cally implanted chromaffin autografts 
represents a viable experimental ap- 
proach for further investigation of 


grafting strategies in Parkinson's 
disease. 
PATIENT AND METHODS 
Selection Criteria 


Our general inclusion criteria were as fol- 
lows: The patient should be younger than 65 
years of age and have severe hypokinesia as a 
major symptom. There should be no other 
confounding diseases or disabilities. The pa- 
tient must also be psychologically stable and 
not demented. Finally, there must be a clear 
response to levodopa therapy, but inade- 
quate relief of symptoms, such as the pres- 
ence of on-off phenomena, in spite of an opti- 
mized drug regimen. Informed consent was 
obtained from the patient, and all procedures 
had been approved by the Ethical Committee 
of the Karolinska Institute, Stockholm, 
Sweden. 


Patient History 


This woman was 63 years old at the time of 
grafting and had a history of Parkinson's dis- 
ease for 19 years. The patient did well on 
levodopa treatment for about 10 years, when 
on-off symptoms appeared. Despite more 
frequent and higher doses of levodopa, and 
the addition of bromocriptine, symptoms be- 
came progressively more disabling. During 
daytime, the symptoms changed rather ran- 
domly between severe hypokinesia and hy- 
perkinesia, with the latter dominating. There 
were only brief periods (lasting some min- 
utes) of relatively normal motor control in 
between. The patient was rated as being in 
stage 4 according to the scale of Hoehn and 
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Yahr.” Apart from the symptoms of parkin- 
sonism, the patient was neurologically nor- 
mal as judged from a computed tomographic 
scan of the brain and was otherwise healthy. 

During preoperative morning off symptom 
periods when the morning medications were 
omitted for recording of readiness and audi- 
tory evoked potentials, the patient was rigid 
and bedridden or confined to a wheelchair. 
She could not move from the wheelchair to 
the examination table and back without con- 
siderable assistance. 


Study Design 


The patient was brought to the hospital 
regularly for clinical tests for 4 months prior 
to the operation and was admitted to the 
hospital for a continuous stay 3 weeks before 
and 3 weeks after the operation. Her opti- 
mized drug regimen (levodopa, 600 + 100 mg; 
bromocriptine, 35 mg; and amitriptyline, 75 
mg; divided into 11 daily doses) was main- 
tained essentially unchanged until 7 months 
postoperatively, when selegiline became 
available and was added. Clinical assess- 
ments of symptoms were carried out regular- 
ly by experienced examiners as described 
below. The test battery was based partly on 
our previous studies™ =" and included clini- 
cal scoring of symptoms, walking tests, peg- 
board tests of fine motor control, and neuro- 
physiological recordings of readiness and 
auditory-evoked potentials. 


Nerve Growth Factor Preparation 
and Purification 


B-Nerve growth factor was purified from 
400 male mouse (NMRI, body weight >30 g) 
submandibular glands, as previously de- 
scribed.” Elution from the second column 
of CM-Sepharose was by a linear gradient of 
sodium chloride, ”™ yielding a peak of highly 
purified B-nerve growth factor (Fig 1). The 
concentration of nerve growth factor was de- 
termined from the specific absorbance at 280 
nm (1.6 at 1 mg/mL ina 1-em cuvette). Identi- 
ty and purification was further verified by 
electrophoresis in sodium dodecylsulfate on a 
gradient polyacrylamide gel, and by immu- 
noblotting of similar gels (Fig 1). 

Purified, biologically active nerve growth 
factor was dialyzed against Ringer's solution 
with glucose, sterile-filtered twice, and test- 
ed for sterility using official standard high- 
stringency conditions as required for inject- 
able substances by the European Pharma- 
copeia. It was then packed in syringes pro- 
vided by the pump manufacturer (see below). 
Filled syringes were kept at 8°C until use. 
The final concentration of nerve growth fac- 
tor in the syringes used for infusion was 600 
pg of B-nerve growth factor per milliliter in 
the Ringer's solution with glucose, corre- 
sponding to 60 000 biological units per millili- 
ter. The rationale for the use of mouse nerve 
growth factor is presented in the discussion. 


Bioassay of Nerve Growth Factor Activity 


The biological activity of nerve growth fac- 
tor was measured in a nerve fiber outgrowth 
assay with explanted sympathetic ganglia 
from the 9-day-old chick embryo. The dissect- 
ed ganglia were explanted into a collagen 
matrix.” Details of the technique have re- 





cently been presented.” To determine activi- 
ty, the purified mouse nerve growth factor 
was added in a series of twofold dilutions, 
with final concentrations ranging from 0 to 20 
ng/L. The cultures were incubated at 37°C i 
using 5% carbon dioxide and 92% relative 
humidity. After 1 to 2 days, the cultures 
were examined in an inverted microscope 
equipped for phase-contrast and dark-field 
illumination. Activity tests of the nerve 
growth factor preparation showed that 5 ng 
of nerve growth factor per milliliter evoked a 
dense circular fiber halo, regarded as corre- 
sponding to an activity of 1 biological unit. 
This was the case also after dialysis and steril- 
ization (Fig 1). In addition, samples of nerve 
growth factor remaining in the tubing and in 
the dead volume of the syringes were ana- 
lyzed after being recovered from the patient. ~ 
There was no loss of biological activity in 
these samples, as shown by the serial 
dilutions. 


Enzyme Immunoassay for Antibodies to 
Nerve Growth Factor 


Blood was drawn preoperatively and 2, 4, 
and 10 weeks postoperatively to detect possi- 
ble immunization against the infused mouse 
nerve growth factor. An immunoassay (en- 
zyme immunoassay) for nerve growth factor 
antibodies (Fig 1) was designed based on 
principles described in detail elsewhere.” 
Immunoplates (96-well multidishes, Nunc, 
Copenhagen, Denmark) were coated with 
the purified mouse B-nerve growth factor 
(1 pg/mL) in 0.05 mol/L of carbonate buffer 
(pH, 9.6), Each well received 50 pL, and the 
dishes were incubated at 4°C overnight. The 
immunoplates were blocked for 1 hour at 
room temperature with 1% bovine serum al- 
bumin in the same buffer. After washing 
with TRIS-buffered saline (0.02 mol/L of 
TRIS hydrochloride, pH, 7.4; 0.5 mol/L of 
sodium chloride, containing 0.5% Tween 20), 
dilutions (10° to 10°) of serum from the pa- 
tient (in TRIS-buffered saline with 0.05% 
Tween 20) were added for an overnight incu- 
bation at 4°C. The plates were then washed 
extensively at room temperature, before in- 
cubation with biotinylated antibodies to hu- 
man IgG (0.5 pg/mL; Vector Laboratories, 
Burlingame, Calif) for 30 minutes. Finally.¢ 
B-galactosidase conjugated to streptavidin 
(Bethesda Research Laboratories, Gaithers- 
burg, Md) was added for 15 minutes at a 
dilution of 1:5000, and the plates were subse- 
quently washed. To start the enzyme reac- 
tion, 100 uL of reaction” buffer was added to 
each microwell with 100 pL of 0.2 mmol/L of 
methylumbelliferyl-B-galactoside. The re- 
sulting methylumbelliferone (excitation 
wavelength, 365 nm; emission wavelength, 
450 nm) was assayed in a microplate fluorom- 
eter (Microfluor, Dynatech, Burlington, 
Mass). The results were plotted as a function 
of the serum concentration. 


Surgical and Neurosurgical Procedures 


Preoperative workup included a computed 
tomographic scan of the abdomen that dems 
onstrated two normal-sized adrenal glands. 
Plasma catecholamine concentrations were 
determined,” and the results showed normal 
basal levels of noradrenaline and adrenaline. 
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The neurosurgical procedures 
tially as previously used by us.’ This time, 
however, six cylinders of adrenal medullary 
tissue were introduced, arranged around a 








central polyurethane catheter with an outer 


diameter of 1.4 mm, and used to infuse nerve 
growth factor. Under local anesthesia and 
using the stereotactic computed tomograph- 
ic technique of Leksell and Jernberg,” coor- 
dinates for a target located centrally in the 
left putamen were determined. This target 
point was located 15-mm anterior and 5-mm 
superior to the midpoint of the intercommis- 
sural line, and 23-mm from the midsagittal 
plane (Fig 2). 

. Under general neuroleptic anesthesia, a 
burr hole was made in the left frontal region, 
close to the coronal suture. Via a few small 
skin incisions, the nerve growth factor-filled 
catheter was pulled from the region of the 
manubrium sterni to the burr hole (Fig 2). 
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Using stereotactic technique, it was intro- 
duced to the predetermined target using a 
special cannulation technique™ and secured 
to the edge of the burr hole. The incisions 
were temporarily sutured. The catheter was 
equipped with fine holes at the end and a 
sealed radio-opaque tip. The indwelling soft 
catheter was designed to compensate for any 
normal minor horizontal movements of the 
brain parenchyma relative to the skull. The 
assembly had a dead space of 0.8 mL and was 
filled with nerve growth factor solution. Be- 
cause the effects of nerve growth factor were 
unknown, the left putamen was chosen for 
the target because the patient was left-hand- 
ed. There were no preoperative side differ- 
ences in her parkinsonian symptoms to con- 
traindicate this decision. 

The patient was next placed in the left lat- 
eral position. The left adrenal gland was cho- 
sen because it has a longer vein, which sim- 















Fig 1.—Top, Elution profile of B-nerve growth 

factor from the second column of CNM-Sephar- 
ose used in the purification. The actual 
nerve growth factor peak (marked by the hori- es 
zontal bar shown in this figure) was used for. ~ 


infusion to the patient described in this report. 
inserts: A shows standard proteins of known 
molecular weight (14 000 to 94 000 kd) stained 


by coomassie blue after electrophoresis in so- => 


dium dodecylsulfate on a gradient polyacryl- 
amide gel. B shows a similar experiment with 
nerve growth factor from the peak eluted by 
sodium chloride from the CM-Sepharose. Five 
micrograms of nerve growth factor protein was 
loaded in the lane. A main band (molecular 
weight, 14000 kd) is apparent in this prepara- 
tion in accordance with the molecutar weight of 
13 300 kd known from sequence data. C and D 
show immunoblots of B-nerve growth factor 
from gels similar to that shown in lane B. After 
transfer to nitrocellulose paper, the protein was 
incubated with antibodies raised to mouse’. 
B-nerve growth factor for subsequent detection © 
of antibody binding by secondary biotinylated 
antibodies followed by incubation with iodine. 
125-streptavidin and x-ray autoradiography. ; 
The labeled bands again show a single major’ 
component with an apparent molecular weight © 
of 14 000 kd. The lanes were loaded with 2 ug 
and 20 ng of nerve growth factor protein, 
respectively. Lower left, The biological activity: 
of nerve growth factor given to the patient. After 
dialysis against Ringer's solution with glucose . 
and subsequent sterilization by membrane fil- 
tration, a fraction of the nerve growth factor ; 
solution intended for infusion was diluted trom ` 
800 pg/mL to 12 ng/mL and incubated witha 
sympathetic ganglion from a chick em- 
bryo.?2527.28 The activity of the nerve growth 
factor results in a massive nerve-fiber out- 
growth after 1 day of culture as seen in this 
phase-contrast micrograph. Bottom right, The ` 
principle of the enzyme immunoassay used to 
test for the possible appearance of antibodies 
to the mouse B-nerve growth factor in the 
serum of the patient. A 96-well immunoplate 
was coated with the purified mouse B-nerve 
growth factor (1 pg/ml) and then blocked with 
serum bovine albumin. Different dilutions of 
serum samples taken before and at regular 
time points during and after the patient's treat- 
ment were then incubated in the wells. Possible 
antibodies binding to the coat of nerve growth 
factor were detected by incubation with biotiny- 
lated antibodies to human immunoglobulin fol- 
lowed by a conjugate of 8-galactosidase and 
streptavidin. Resulting enzyme activities were 
measured by fluorometry of the product 4- 
methylumbelliferone. EXC indicates excitation 
wavelength; EMI, emission wavelength. 


plifies the adrenalectomy. The gland was 
removed using a lateral extraperitoneal ap- 
proach, removing part of the 12th rib. A 


Since it has been shown that patients can 
maintain basal corticosteroid production 
from a resected gland,” this precaution 
should enable future removal of the right 
adrenal gland, ifdesirable. The adrenal gland 
was sectioned into slices from which medul- 
lary tissue was prepared. Pieces (1 to 2 mm’) 
of adrenal medullary tissue, carefully freed 
from any adjacent cortical tissue, were col- 
lected in a solution consisting of 4 mL of 
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Fig 2.—At the right is depicted a schematic drawing of a horizontal section through the central 
nuclear complex of the human brain. The spatial arrangement in the putamen of the six adrenal 
medullary grafts (circles) and the nerve growth factor catheter (cross) is shown. The drawing to the 
left shows the design used for chronic intraputaminal infusion of nerve growth factor. The 
microinfusion pump for long-term nerve growth factor administration is percutaneously connected to 
a catheter, the tip of which is positioned in the putamen. OD indicates outside diameter; CA, 


anterior commissure; CP, posterior commissure. 


Ringer's solution with glucose, 2 mL of ci- 
trate plasma from the patient, and 0.5 mL of 
nerve growth factor solution containing 600 
pg/mL of nerve growth factor. The implanta- 
tion instrument previously described” was 
loaded six times with 13 to 15 pieces of adre- 
nal medullary tissue in the nerve growth fac- 
tor--containing solution. The pieces were de- 
posited using six needle tracks, equidistant 
(3 to 4 mm) from the central implanted nerve 
growth factor-infusion cannula (Fig 2). The 
first implant was inserted 50 minutes after 
removing the adrenal gland, and the last, 114 
minutes after adrenalectomy. Altogether, an 
estimated 85% of all available chromaffin tis- 
sue in the extirpated gland was used for 
implantation. 

The pump (MiniMed Technologies, Sylmar, 
Calif) was connected to the tubing and af- 
fixed to the patient. Pumping at a rate of 10 
L/h was initiated 1.5 hours after the first 
implantation of adrenal medullary tissue. The 
infusion was carried out for 23 days by re- 
placing the nerve growth factor—containing 
syringes every fourth to fifth day. The in- 
dwelling cannula and the subeutaneous tub- 
ing were removed 25 days after surgery. 


Clinical Assessments 


Rigidity/hypokinesia was evaluated using 
ascoring system for parkinsonian symptoms 
with the patient relaxed in the supine posi- 
tion, in a standing position, and walking, us- 
ing the following scores: 0, absent; 1, slight; 
2, moderate; and 3, severe. A similar scoring 
system was used to rate drug-induced hyper- 
kinesia. In addition to the period before and 
after surgery (6 weeks), the patient was hos- 
pitalized and the scoring was carried out for 
approximately 5-day periods at intervals 
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preoperatively and postoperatively. The 
scorings were made around the clock on the 
hour from 7 or 8 AM to 9 PM without interfer- 
ing with the medication, generating a total of 
some 600 scores for symptoms and an equal 
number of scores for hyperkinesia at the time 
points indicated in Fig 3. The same team of 
experienced personnel (two physicians and 
four nurses) was responsible for all of the 
scoring throughout the study. The interrater 
reliability was checked operationally and re- 
peatedly and found to be high. Tremor was 
observed only to a minor degree and inter- 
mittently in this patient, and was, therefore, 
not recorded. Gait was evaluated as the num- 
ber of steps and time needed to walk 7 m and 
return. The number of steps needed to turn 
around was also recorded. The Mini-Mental 
State test™ was used to evaluate possible 
signs of cognitive dysfunction on several oc- 
casions preoperatively and postoperatively. 


Evoked Potentials 


To provide information on central motor 
and sensory functions, averaged readiness 
and auditory evoked EEG potentials were 
recorded. The motor readiness potential con- 
sists of several components, one of which is a 
slow negative wave beginning about 1 second 
before a voluntary movement. This compo- 
nent is diminished in unmedicated patients 
with Parkinson's disease” and increases dur- 
ing the on-phase of levodopa treatment.” We 
have previously used the readiness potential 
to monitor effects of both adrenal medulla ry” 
and human fetal dopamine neuron” grafts to 
patients with Parkinsons disease. 

Readiness and auditory evoked potentials 
were recorded with the patient in off-phase. 
For such recordings, the patient was in- 
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Months Postoperatively 


Fig 3.—Parkinsonian scores preoperatively 
and postoperatively. Each point represents the 
averaged scores from hourly scoring during a 
minimum of 5-day periods at the indicated 
times. The arrow indicates the time of operation 
and initiation of infusion of nerve growth factor. 
The mean scores are seen to decline exponen- 
tially postoperatively. Using approximate Wald 
tests, the curve is significantly lower than the 
preoperative mean 3.5 through 13 months 
postoperatively. 


structed not to take any medication after 9 PM 
the night before, and the recordings were 
carried out the next morning prior to any 
medication. To record motor readiness poten- 
tials, the patient was supine and the torso 
was elevated 45°, A telegraph key was placed 
under one hand, and the patient was instruct- 
ed to press the key slowly, self-pacing the 
movement at about 4-second intervals. The 
key was constructed so that a pulse was gen- 
erated at the initiation of movement. Record- 
ings were made at C,, F,, F,, and 1-cm anteri- 
or to C, and C, in the International 10-20 
System, referenced to the ipsilateral ear. A 
bipolar electro-oculographic recording was 
made from the lateral canthus and the superi- 
or orbit of the right eye. A bipolar electro- 
myographic recording was made over the 
forearm flexor muscle group that contracted 
when the key was pressed. Electrical activi- 
ty was amplified and filtered (0.01 to 30 Hz), 
the waveforms were digitized at 100 Hz and 
analyzed by computer. Fifty artifact-free tri- 
als were obtained for keypresses with each 
hand. The resulting averages were digitally 
smoothed by averaging data from each of 
three adjacent points. The motor readiness 
potential was quantified as the voltage 0.5 
second before the movement, relative to the 
average potential 1.0 to 2.0 seconds before 
the movement. 

Auditory evoked potentials were recorded 
from a vertex electrode employing a condi- 
tioning-testing paradigm. This paradigm 
uses paired stimuli to assess the gating o% 
responses to sensory input. Subjects normal- 
ly suppress the response to the second stimu- 
lus because of gating mechanisms activated 
during response to the first. The P50 wave is 


i 
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used as the target response because it is less 
affected by changes in the subject's atten- 
tion. Decrease in suppression of the P50 wave 
with the conditioning-testing paradigm has 
been linked to increased catecholaminergic 
neurotransmission.” Such decreased sup- 
pression was observed following adrenal 
grafts in a previously studied set of pa- 
tients.” For further details of the recording 
methods, refer to the article by Adler et al.” 


Statistics 


Because of the variability of symptom in- 
tensity during the day, the clinical scores 
were analyzed by a two-way analysis of vari- 
ance, with months before or after the opera- 
tion and time of day as independent vari- 
ables. The method of Grizzle et al” was used 
for the nonparametric analysis of categorical 
rating scores. The large numbers of observa- 
tions for several of the measurements make 
possible meaningful analyses of the signifi- 
cance of change in this individual patient but 
do not allow statistical prediction about other 
future subjects. 


RESULTS 
Surgery 


The operation was performed in May 
1989 without complications. The patient 
was under general anesthesia for a total 
of 6 hours. There were no major changes 
in blood pressure during either adrenal 
removal or chromaffin tissue implanta- 
tion in the brain. The patient woke up 
promptly after discontinuation of anes- 
thesia. A postoperative computed 
tomographic scan showed the tip of the 
infusion catheter to be located correctly 
in the predetermined position in the 
center portion of the left medio- 
putamen. 

A computed tomographic scan 9 days 
after surgery showed that the tip of the 
nerve growth factor catheter had be- 
come dislocated 2.5-cm upward in the 
cannula tract sometime after the initial 
postoperative scan. Most probably, this 
was caused by hyperkinetic movements 
of the head and neck pulling on the cath- 
eter. The catheter was repositioned us- 
ing stereotactic surgery under local an- 
esthesia 12 days postoperatively. The 
repositioning was uneventful, and com- 
puted tomographic scans on the day of 
repositioning and several times after- 
ward showed the tip of the catheter to 
be correctly positioned. Initially, there 
were slight signs of corticospinal tract 
dysfunction, consisting of an intermit- 
tently positive Babinski sign on the 
right side, but no paresis. This was most 
probably due to an edema, which devel- 
oped around the catheter in the frontal 
lobe and which resolved during the next 
2to3 months. 


Postoperative Clinical Course 
In the evening following surgery, de- 
prived of medication since the night be- 
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*Mean + SD (No. of observations). 


fore, the patient was awake and ment- 
ally alert. There were clear-cut latera- 
lized changes in her arms, such that 
there was only slight rigidity in her 
right arm, while her left arm was rigid 
ina cogwheel pattern. Such a lateralized 
difference did not exist before surgery. 
No pareses were noted. It was possible 
to begin reinstating her medication in 
the evening and, beginning the next 
day, to give her full medication. 

The lateralized difference in rigidity 
was prominent during the first 14 post- 
operative days. Both the right arm and 
the right leg could be passively moved 
without rigidity, while cogwheel phe- 
nomena and rigidity were noticed on the 
left side. Notably, she had almost no 
hyperkinetic movements dyring this 
time. She was also more mobile in off 
than prior to surgery and was able to 
walk slowly. 

The hyperkinesia gradually returned, 
beginning during the second postopera- 
tive month. Seven months postopera- 
tively, it was decided to begin adminis- 
tering the selective monoamine 
oxidase-B inhibitor selegiline (Elde- 
pryl, Farmos Group, Helsinki, Finland) 
to the patient, because of increasing evi- 
dence for its efficacy in other patients 
with Parkinson’ disease. The effect of 
selegiline was initially dramatic, lead- 
ing to a marked improvement of parkin- 
sonian symptoms. Four months later, 
the improvement was less dramatic. 
When selegiline therapy was initiated, 
the levodopa medication was lowered 
by 350 mg/d because of increased hyper- 
kinesia. Otherwise, no changes were 
made in the patients medications, to 
permit comparisons between the preop- 
erative and postoperative states. The 
Mini-Mental tests carried out on several 
occasions preoperatively and postoper- 
atively did not show any cognitive dys- 
function. 


Ratings of Parkinsonian Symptoms 


Analysis of variance of the global rat- 
ing of rigidity/hnyperkinesia showed a 
strongly significant (P=.01) effi 
month of observation, which it 





On Time, $ 144+ 1.1 (16) 14.2 + 0.4 (15) 137406 (3) 142+04 (5) 
No. of steps 22.7 + 1.5 (16) 22.9 + 1.9 (15) 24 + 2 (3) 23.6 + 0.9 (5) 
No. of steps to turn 1.1 + 0.3 (16) 1.1 + 0.4 (15) 1.3 + 0.6 (3) 2+ 1 (5) 

Off Time, s 22.3 + 3.6 (5) 22.1 + 4.3 (7) 17 (1) 19 + 2.8 (2) 
No. of steps 32.3 + 1.5 (5) 39.1 + 8.6 (7) 33 (1) 31.5 + 6.4 (2) 
No. of steps to turn 5.8 + 2.9 (5) 3.3 + 0.8 (7) 3 (1) 3.5 + 0.7 (2) 

















that the patient’s major parkinsonian 
symptoms had decreased following the 
operation (Fig 3). Hour of observation 
during the day was a nonsignificant fac- 
tor (P=.4), and there was no interac- 
tion between hour and month. 

The downward trend in Fig 3 was ex- 
amined more closely. The differences be- 
tween the six monthly means adjusted 
for time of day can be described in terms 
of a preoperative mean score, M, of 
0.831 (+ 0.215) and a postoperative ex- 
ponential decay curve, where 


Score = a + (b-a) exp [(- 0,698 Months — 0.5Y¢C} 


where a=0.261 (+0.172) is the lower 
asymptote to which the score seems to 
be decaying, b=0.960 (+ 0.087) is the 
maximum value observed 1 month after 
the operation, and c = 3.023 (+ 0.195) is 
the number of months after the opera- 
tion at which the symptom score curve 
decayed halfway between the maximum 
at 0.5 month and the minimum M. The 
variables a, b, and c are all significantly 
different from zero at the .05 level. The 
fit of the preoperative and postopera- 
tive models are depicted in Fig 3. Using 
approximate Wald tests as discussed by 
Seber and Wild,” the curve is signifi- 
cantly lower (P<.05) than the preoper- 
ative mean 3.5 through 13 months after 
surgery. 


Walking Tests 


The time and number of steps needed 
to walk 7 m, make a 180° turn and return 
were repeatedly recorded preoper- 
atively and postoperatively. As illus- 
trated in Table 1, it appeared as if the 
time needed to carry out the test in off 
was decreased after the operation, 
while the number of steps did not 
change. There was a tendency for the 
number of steps required to make the 
180° turn to decrease and remain less 
than preoperatively at the 13-month 
postoperative time point. 


Pegboard Tests 


The test records the time needed to 
place pegs in a board and, thus, is main- 
ly a measurement of fine-motor control. 

g shown in Table 2, there was some 
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decrease of the time to complete the test 
in off 7 and 13 months postoperatively, 
while there was a slight increase in the 
time to complete the test in on. No con- 
sistent changes were noted 2 to 3 
months postoperatively. No major side 
effect differences in this test were 
‘observed. 


Readiness and Auditory Evoked Potentials 


Recordings carried out in off at four 
occasions prior to surgery (2.5 months, 
1.3 months, 0.7 months, and 3 days) 
showed the diminished readiness poten- 
tial amplitude previously reported for 
unmedicated parkinsonian patients (Fig 
4), Recordings made in the immediate 
postoperative period (6, 21, and 29 days) 
showed the marked increase in readi- 
ness potential amplitude seen in other 
patients who have received adrenal 
grafts.” The increase was present over 
both hemispheres and with movements 
of both the left and right hand. This in- 
crease was not noticeable in the 2.5- 
month postoperative recording. In the 
final recording, performed 13 months 
postoperatively, the readiness potential 
was moderately increased, compared 
with the preoperative records. The in- 
erease was greater over the left hemi- 
sphere and could only be elicited with 
movements of the right hand. These 
data are consistent with an improve- 
ment in function, localized to the left 
hemisphere. The time course of changes 
of the amplitude of the readiness poten- 
tial recorded over the left hemisphere, 
as elicited by movements of the right 
hand, is illustrated in Fig 4. When the 
degree of readiness potential negativity 
was mapped over the patients head, 
there was no side difference preoper- 
atively. Thirteen months after surgery, 
there was clearly more negativity over 
the operated (left) than over the non- 
operated hemisphere (Fig 4). 

The auditory evoked P50 potential 
showed normal amplitude, latency, and 
suppression in the preoperative period. 
A transient decrease in suppression in 
the first 3 postoperative months was 
noted, similar to that seen in the previ- 
ously studied patients with adrenal 
grafts.” At the 13-month postoperative 
recording, the auditory evoked poten- 
tials were normal. 


Nerve Growth Factor: Stability and 
immunization Tests 


Bioassay measurements of nerve 
growth factor activity in fluid remaining 
in used syringes as well as in the tubing, 
which was recovered when removing 
the tube and indwelling catheter, 
showed that storage at body tempera- 
ture for several days did not decrease 
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Table 2.—Pegboard Test* 


State Side Preoperative 


Postoperative, mo 
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On Right 74 +9 (17) 


+ & (15) 


- 6 (6) 





Left 68 + 8 (17) 


65 + 8 (15) 


14 (6) 





Off Right 111 + 22 (9) 


1 10 + 41 (7) 


= 12 @) 





Left 100 + 22 (9) 
*Time in seconds +SD (No. of observations). 


+ 16 (7) + 24 (3) 
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Fig 4.— Top, Readiness potentials recorded preoperatively and postoperatively from the left 
(operated) hemisphere, for right-hand movements. The potential is very low or absent at the four 
preoperative recordings and markedly increased during the first postoperative month, Although 
absent again at 2.5 months postoperatively, it is well above the preoperative average 13 months 
postoperatively. Below, Distribution maps of readiness potential negativity preoperatively (left) and 
13 months postoperatively (right). Postoperatively, movements of the right hand cause a lateralized . 
increase of negativity over the left (implanted) hemisphere. : 


nerve growth factor activity at all. Mea- 
surements of the possible presence of 
anti-nerve growth factor antibodies in 
the patient's blood showed no signifi- 
cant differences between one sample 
taken preoperatively and three samples 
taken postoperatively. The largest dif- 
ference between any one of the four 
samples was a factor of 1.8, which 
should be compared with a factor of ap- 
proximately 10000 between preim- 
mune and postimmune serum samples 
typically seen when a rabbit is immu- 
nized with nerve growth factor. 


COMMENT 


This report is, to the best of our knowl- 
edge, the first documentation of admin- 


istration of nerve growth factor to the 
human brain. A relatively large amount 
of purified mouse B-nerve growth fac- 
tor was continuously infused into the 
putamen over a 3.5-week period. As far 
as our data indicate, this did not cause 
any negative effeets either acutely or 
chronically. We, therefore, postulate 
that nerve growth factor administration 
in this way is a safe procedure. 

The use of mouse nerve growth fac- 
tor, currently the only nerve growth 
factor available in large enough quanti- 
ties for such a trial, is based on the high | 
degree of homology between nerve * 
growth factor from various species. 
Thus, the amino acid sequence homolo- 
gy between mouse” and human“ nerve 


Nerve Growth Factor — Olson et al 





growth factor is 90%. Of 118 amino ac- 
ids, only 12 are different. Thus, mouse 
salivary B-nerve growth factor is equi- 
potent in stimulating neurons from 
chick, mouse, and man. Mouse nerve 
growth factor has also been shown to 
stimulate human chromaffin cells in tis- 
sue culture.” By analogy, the homology 
between porcine and human insulin is 
94%, a degree of similarity allowing por- 
cine insulin to be used as a drug for 
human diabetes. Moreover, the use of 
human recombinant nerve growth fac- 
tor, although preferable if it can be pro- 
duced in quantity and purified, is no 
guarantee against immunization. For 
example, mice can be immunized with 
mouse nerve growth factor using the 
appropriate protocols (such as Freund's 
adjuvant) to generate good-quality 
anti-nerve growth factor antibodies.” 
The likelihood of immunization to a for- 
eign or rare protein should, however, be 
much lower if the protein is injected into 
brain tissue. Indeed, an ultrasensitive 
immunoassay” could not detect signs of 
immunization following nerve growth 
factor infusion in the present case. Fi- 
nally, in terms of the safety of the proce- 
dure, it is worth noting that adult lab- 
oratory animals in which very high 
titers of anti-nerve growth factor anti- 
bodies have been induced have no overt 
signs of disease. 

It is well known that adult chromaffin 
cells in rodents can transform toward 
neuronal phenotypes following graft- 
ing” and that this transformation is in- 
duced by nerve growth factor.” Al- 
though such neuronal transformation 
does not appear to be necessary for ad- 
renal grafts to have some beneficial ef- 
fects in the rat model of Parkinson’s 
disease (unilaterally 6-hydroxydopa- 
mine—denervated striatum), "” nerve 
growth factor markedly increases the 
number of surviving chromaffin cells, 
induces neuronal transformation and 
nerve fiber production (see also refer- 
ence 48), and increases the functional 
effects of the chromaffin grafts.” Such 
marked effects of exogenous nerve 
growth factor are probably best ex- 
plained by the fact that the striatum 
normally contains very low levels of 
both nerve growth factor messenger 
RNA” and endogenous nerve growth 
factor protein.” The results with nerve 
growth factor-supported grafts seen in 
laboratory animals,” including more re- 
cent data suggesting that aged chromaf- 
fin tissue also responds to nerve growth 
factor” as well as a more detailed analy- 
, Sis of the nerve cell transformation of 

nerve growth factor-treated chromaf- 
fin cells," form the basis for the present 
clinical study. Without nerve growth 
factor, the positive effects seen in pa- 
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tients given chromaffin tissue into the 
putamen and caudate appear to be ap- 
proximately of the same magnitude and 
duration in man” as it is in rat.” Indeed, 
a chromaffin autograft, recovered post- 
mortem 4 months after implantation 
into a patient with Parkinson's disease, 
revealed modest survival and scant ty- 
rosine hydroxylase immunoreactivity 
paralleled by little clinical benefit.” In 
marked contrast, nerve growth factor 
support leads to more pronounced and 
long-lasting effects on motor behavior 
in both rats“ and, as described here, 
man. 

It has recently been suggested” that 
the positive effects of transplantation of 
fetal and chromaffin cells to dopamine- 
lesioned striata in rodents,” nonhuman 
primates,” and man are due to 
nonspecific actions of the graft surgery. 
In terms of stereotactic implantations 
to man, the data in this communication 
argue against such a suggestion, since 
the addition of nerve growth factor 
changed the functional outcome after 
stereotactic implantations of chromaffin 
cells, compared with earlier results us- 
ing the same surgical techniques. 

The positive long-term changes in this 
patient are best documented in the sta- 
tistical analysis of the global symptom 
scores. There were other indicators of 
the presence of longer-term changes, 
which were different in some regards 
from the effects observed in patients 
who had received adrenal grafts with- 
out nerve growth factor. Thus, the 
readiness potentials indicate long-last- 
ing effects and suggest improvements 
of function over the left hemisphere. The 
auditory evoked potentials showed dif- 
ferences as well. The early postopera- 
tive loss of suppression of the P50 wave, 
seen in all of the patients who under- 
went an adrenal graft, including this 
one, suggests a massive release of cate- 
cholamines. The ensuing normalization 
of suppression, observed in this patient 
as well as in the patients who received 
fetal mesencephalic grafts, suggests 
that release is limited to the basal gan- 
glia, perhaps because of more localized 
release and reuptake from newly 
formed nerve fiber terminals. It is also 
interesting that the patient showed an 
unusually positive response when sele- 
giline treatment was initiated. This sug- 
gests that monoamine oxidase-B inhibi- 
tion may increase the availability of 
catecholamines released by the chro- 
maffin cell grafts. 

Although the patient herself has not 
experienced any major improvements 
in activities of daily living, the signifi- 
cant long-term decrease in parkinsonian 
symptoms and the apparent absence of 
negative effects of nerve growth factor 











infusion described in this report suggest . 
that chromaffin autografts, supported 
by temporary nerve growth factor infu- 
sion, should be investigated further. 

In comparison with the open neuro- 
surgical approach introduced by Ma- 
drazo et al,” stereotactic implantation 
appears to have several advantages. 
First and foremost, it enables implanta- 
tion into the putamen. Second, it is less 
traumatic and, therefore, should carry 
fewer risks for the patient. In terms of 
efficacy, it is too early to draw any firm 
conclusions, but it is clear from the rela- 
tively large number of patients now 
treated by adrenal autografts implant- 
ed into the caudate” that the initially 
reported dramatic. and sustained im- 
provements have not been replicated*” 
and that there is significant morbidity 
and/or mortality (eg, reference 58). 

In comparison with implantation of 
fetal substantia nigra neurons obtained 
from aborted fetuses," currently also 
under clinical trial in Parkinson's dis- 
ease, the chromaffin alternative offers 
some advantages. First, there is no 
need to coordinate the grafting activi- 
ties with the procurement of fetal brain 
tissue. Second, immunosuppression, 
currently believed by several groups to 
be necessary with fetal grafts,” is not 
needed with autografts. Third, it is pos- 
sible that grafted dopamine neurons 
might be more susceptible to the disease 
process than would the grafted chro- 
maffin cells. Several other factors that 
may be of potential importance also dif- 
fer between the two procedures. The 
mesencephalic fetal brain tissue grafts 
by necessity contain several types of 
immature neurons other than dopamine 
neurons, as well as glial precursor cells. 
On the other hand, chromaffin cells se- 
crete only small amounts of dopamine 
and larger amounts of noradrenaline. 
While, in the absence of high local con- 
centrations of corticosteroids and after 
nerve growth factor-induced transfor- 
mation, chromaffin cells may cease to 
produce adrenaline, it is not known to 
what extent other substances normally 
secreted by chromaffin cells (such as 
endorphins) are still synthesized, re- 
leased, and influence the host brain. 

Based mainly on studies of tyrosine 
hydroxylase immunoreactivity follow- 
ing dopaminergic lesions with methyl- 
phenyltetrahydropyridine (ie, MPTP), 
it has been suggested that adrenal med- 
ullary grafts may exert a trophic influ- 
ence on remaining host dopamine termi- 
nals." A similar effect has been 
described also in primates” and cannot 
be excluded in the present case. Howev- 
er, it does not readily explain the differ- 
ence in duration of effects between our 
present nerve growth factor-supported 
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case and our previous adrenal medul- 
lary implantations not supported by 


nerve growth factor. Indeed, studies in 
60HDA-denervated rats that are so 
completely denervated that dopaminer- 
gic sprouting cannot occur prove that 
nerve growth factor-supported adrenal 
medullary grafts can reduce turning be- 
havior without having to assume tro- 
phic effects and that these reductions 
are correlated to the amount of surviv- 
ing cells and nerve fibers formed by the 
grafted cells.” Clearly, further work is 
needed to determine the relative role of 
directly graft-derived catecholamines 
vs graft-induced trophic effects on host 
neurons, 

As presented elsewhere recently,” 
there are several ways in which the 
chromaffin autograft procedure might 
be improved in the future. Perhaps 
most important, it may become possible 
to increase the number of cells by treat- 
ing dissociated chromaffin cells in cul- 
ture with basie or acidic fibroblast 
growth factor in the presence of dexa- 
methasone. This procedure induces mi- 
tosis, neuronal differentiation, and 
nerve growth factor dependence i in im- 
mature rat chromaffin cells” and can 
also induce division in adult chromaffin 
cells. Thus, one could envision a two- 
step procedure in which chromaffin tis- 
sue is first removed from the patient. 
Cells would then be grown in culture to 
appropriate amounts and subsequently 
grafted back to the basal ganglia of the 
patient in the form of suspensions. 
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The recent discovery that nerve 
growth factor is a member of a family of 
closely related factors including brain- 
derived neurotrophic factor (ie, 
BDNF”) and neurotropin-3/hippocam- 
pal-derived neurotrophic factor (ie, NT- 
3/HDNF*"), which are all synthesized 
by neurons in the brain,”’” opens new 
possibilities for treatments with combi- 
nations of grafts and/or growth factors 
in neurological disease. The present 
data are particularly relevant to Alz- 
heimer’s senile dementia, since they 
suggest that nerve growth factor might 
be safely administered for extended pe- 
riods of time to the human brain, a strat- 
egy recently considered also for Alz- 
heimer’s disease (see, eg, Goedert et 
al"). In the latter case, based on animal 
experimentation, it has been speculated 
that nerve growth factor might counter- 
act cholinergic deficits by exerting tro- 
phic effects on the ascending cholinergic 
projections to the hippocampus and cor- 
tex cerebri (see reference 74). 

In conclusion, we have shown long- 
lasting positive effects of adrenal auto- 
grafts supported initially by nerve 
growth factor infusion in a patient with 
severe Parkinsons disease. Although 
grafting strategies in Parkinson's dis- 
ease only aim at compensating for the 
neuronal losses once they have oc- 
curred, they remain potentially impor- 
tant approaches for patients who have 
already lost substantia nigra neurons. 
Obviously, ways of preventing the de- 
generation of dopamine neurons, such 
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Prednisone in Duchenne Dystrophy 


A Randomized, Controlled Trial Defining the 
Time Course and Dose Response 


Robert C. Griggs, MD; Richard T. Moxley III, MD; Jerry R. Mendell, MD; 


Geral 


dM, Fenichel, MD; Michael H. Brooke, MD; Alan Pestronk, MD; 


J. Philip Miller; and the Clinical Investigation of Duchenne Dystrophy Group 


è A randomized, controlled trial of daily 
prednisone was conducted in 99 boys (aged 
5.to 15 years) with Duchenne dystrophy to 
define the time course of improvement and 
the dose response to treatment. Prednisone 
‘at. 0.3 mg/kg (n=33), prednisone at 
0.75 mg/kg (n = 34), and placebo (n = 32) were 
administered for 6 months. Patients were ex- 
amined using manual muscle and myometry 
testing, timed functional testing, pulmonary 
function testing, and laboratory measure- 
ments at 10 days, 1 month, 2 months, 
3 months, and 6 months of treatment. Boys 
treated with prednisone had stronger aver- 
age muscle strength scores, than did boys 
treated with placebo as early as 10 days after 
starting therapy. At the 3-month visit, the 
boys in the group given 0.75 mg/kg of predni- 


uchenne muscular dystrophy is an 
X-linked recessive disorder that 
results from a gene defect causing a de- 
ficiency of the cytoskeletal protein, dys- 
trophin.' The potential replacement of 
dystrophin by transfer of normal myo- 
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sone were significantly stronger than those 
in the group given 0.3 mg/kg of prednisone, 
indicating a dose response. At 6 months, 
significant side effects occurred in the group 
treated with 0.75 mg/kg of prednisone, in- 
cluding weight gain, cushingoid appear- 
ance, and excessive hair growth. Only weight 
gain was observed in the group taking pred- 
nisone at a dose of 0.3 mg/kg. importantly, no 
side effects were evident at 10 days or 
1 month of treatment, despite improvement 
in muscle strength and function. We con- 
clude that prednisone produces a rapid in- 
crease in muscle strength in patients with 
Duchenne dystrophy and that this improve- 
ment is maximal at a prednisone dosage of 
0.75 mg/kg or less. 
(Arch Neurol. 1991 ;48:383-388) 


blasts is under study,” and the possibili- 
ty of direct gene replacement has also 
been considered.’ However, only one 
form of treatment has been shown to 
alter the course of the disease. In a re- 
cent double-blind, randomized, con- 
trolled trial, prednisone treatment in 
the dosage of 0.75 mg/kg per day or 1.5 
mg/kg per day resulted in a significant 
improvement in strength and function 
of patients with Duchenne dystrophy,’ 
confirming our own’ and other previous 
observations.” The present study was 
designed to obtain additional data on the 
effectiveness of prednisone in Du- 
chenne dystrophy; determine the dose 
response for prednisone by comparing a 
dosage of 0.75 mg/kg with a smaller one, 
0.3 mg/kg; determine the time course of 
improvement by performing earlier 


tests of strength; and provide addition- -< 
al data on side effects of prednisone. ; 


PATIENTS AND METHODS 
Patients 


A total of 99 patients, 5 to 15 years old, 
with Duchenne dystr ‘ophy, as defined in pre- 
vious investigations, were studied at the 
five collaborating institutions (University of 
Alberta, Edmonton; University of Roches- 
ter (NY); The Ohio State University, Colum- 
bus; Washington University, St Louis, Mo; 
and Vanderbilt University, Nashville, Tenn), 
The Institutional Review Board at each cen- 
ter approved the protocol. After informed 
consent was obtained from the parents in the 
presence of an auditor witness, patients were 
randomized to one of three treatment 
groups: placebo (n = 32), 0.3 mg/kg of predni- 
sone (n=33), and 0.75 mg/kg of prednisone 
(n=34). Prednisone dose was rounded off to 
the nearest 5 mg. The study was a 6-month, 
double-blind trial. 


Medication 


Gelatin capsules (No. 3 Eli Lily, Indianap- 
olis, Ind) containing powdered prednisone 
(Spectrum, Gardena, Calif) or placebo were 
prepared and dispensed from the pharmacy 
at the University of Rochester (NY), Strong 
Memorial Hospital. Placebo was adminis- 
tered as a capsule that weighed 240 mg and . 
contained powdered lactose. Prednisone was 
prepared in a capsule containing the appro- 
priate dose and sufficient lactose to give a 
capsule that weighed 240 mg. After the ini- 
tial evaluation, each patient was provided 
with a 6-month supply of medication. A fam- 
ily member dispensed one capsule per day te 
the patient at breakfast. Compliance was 
evaluated by weighing the bottle of medica- 
tion initially and at each return visit. 
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Table 1.—Clinical and Laboratory Measurements in the Study Groups Before Treatment 


Mean + SD* (No. of Patients Completing Testing) 
eee S e, 





















































Prednisone 4 
Measurement Placebo 0.3 mg/kg 0.75 mg/kg P Valuet 
Age, y 9.55 + 2.44 (32) 9.63 + 2.53 (33) 9.36 + 2.86 (34) 91 
Muscle strength score 5.80 + 1.10 (32) 5.78 + 1.28 (33) 5.63 + 1.32 (34) 83 
Leg function score 4.16 + 3.40 (32) 4.29 + 3.32 (33) 4.26 + 3.39 (34) .99 
Contracture index —2.22 + 0.80 (32) —2.27 + 0.92 (33) —2.07 + 0.93 (34) 62 
Timed function 
Time to climb stairs, s 7.40 + 4.89 (20) 6.42 + 4.63 (19) 10.02 + 9.98 (21) 42 
Time to travel 9 m, s 8.09 + 4.36 (22) 19.68 + 30.77 (25) 9.52 + 12.64 (23) .21 
Time to stand, s 9.43 + 5.92 (15) 8.56 + 5.52 (18) 10.59 + 10.05 (16) 89 
Lifting weights, kg 1.03 + 0.72 (23) 1.42 + 0.84 (22) 1.30 + 0.62 (22) .20 
Pulmonary function 
Forced vital capacity, L 1.51 + 0.62 (32) 1.54 + 0.53 (31) 1.35 + 0.46 (34) 34 4 
Maximal expiratory pressure, mm Hg 13.23 + 5.58 (24) 14.13 + 6.40 (24) 12.28 + 4.76 (27) .50 
Maximal voluntary ventilation, L 42.56 + 22.42 (32) 41.52 + 15.20 (31) 38.59 + 15.58 (34) 65 
Log, creatine kinase 8.54 + 0.70 (20) 8.16 + 1.01 (23) 8.52 + 1.05 (22) 
* All values represent the mean + standard deviation of the average of first two evaluations in patients who were able to compiete the test. 
tBy one-way analysis of variance. 
Means and standard deviations from untransformed data. P values from analysis of data after performing a natural-logarithm transformation. 
Study Protocol Laboratory Evaluation Statistical Analysis 
Patients were admitted to the Clinical Re- Blood specimens for creatine kinase evalu- At the initial visit to the Clinical Research 
search Center before the start of treatment. ation were obtained at baseline and after Center, baseline values were obtained by 
During the initial admission to the Clinical 6 months of treatment, and measurements computing the mean for each variable in each 
Research Center, clinical evaluations were were performed in a central laboratory.” patient. At initial visits, statistical compari- , 
made on 2 consecutive days, after which Blood tests for safety monitoring were sons between the treatment groups were 
prednisone was started. Patients were reas- performed before prednisone administration evaluated with use of one-way analysis of 
sessed as outpatients at 10 days, 1 month, and at 6 months, including a complete blood variance, and, at subsequent visits, with use 
2 months, 3 months, and 6 months. Each cell count and measurement of serum sodi- of analysis of covariance, in which the value 
outpatient visit included independent clinical um, potassium, chloride, calcium, phos- for a treatment group served as the classifi- 
and side-effect evaluations obtained by the phate, glucose, carbon dioxide, serum urea, cation variable and the corresponding base- 
clinical evaluator and principal investigator, nitrogen, creatinine, bilirubin, alkaline phos- line value for that measure as a covariate. On 
respectively, phatase, alanine aminotransferase, and as- the basis of our previous experience with the 
partate aminotransferase levels. natural history of Duchenne dystrophy, we 
used natural-logarithm transformations of 
Clinical Evaluation certain values, when necessary, to control 
Side Effects for heteroscedasticity. Average muscle 
Clinical evaluators tested patients’ muscle strength was chosen a priori as the primary 
strength by manual muscle testing of 34 mus- Patients were examined and parents were measure of treatment efficacy. The primary 
cle groups, graded according to an expanded interviewed for side effects at both visits test of each measure was a determination of 
10-point scale, based on the Medical Re- prior to initiating treatment and at 1, 2, 3, the differences between the least-square 
search Council methods.” A score for aver- and 6 months of treatment. These evaluations mean for the placebo group and the mean for 
age muscle strength was derived from these were performed by the principal investigator the two prednisone groups at each visit. Aux- , 
measurements.’ Muscle strength was also physician and did not take place in the pres- iliary assessments included tests of the dif- t 


evaluated with a Penney and Giles hand-held 
myometer,” testing the strength at the 
shoulder abductors, elbow flexors and exten- 
sors, and the hip abductors on the right side. 
The average at the make and break readings 
(the maximum strength exerted before giv- 
ing way) was used for analysis. Musele func- 
tion was evaluated by timed functional test- 
ing, including measurement of the time 
needed to rise to a standing position from a 
lying position on the floor, to elimb four stan- 
dard-size steps, and to travel 30 feet (9 m) as 
rapidly as possible. An overall functional 
grade was assigned for both the upper and 
lower extremities. The maximum hand-held 
weight that could be lifted with the patient 
sitting was assessed. Pulmonary function 
tests included measurements of forced vital 
capacity, maximum voluntary ventilation, 
and maximal expiratory pressure. All mea- 
sures except the myometer strength testing 
were performed as in our previous studies.°4 
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ence of clinical evaluators testing patients 
and recording data. The evaluation included 
assessment for cataracts, edema, cosmetic, 
behavioral, and other potential side effects of 
prednisone therapy. Urinary dipstick for 
glucose was obtained at each visit. Height, 
weight, pulse, blood pressure, and tempera- 
ture were obtained at the same frequency by 
the Clinical Research Centers’ nursing staff. 
Blood studies were obtained as described 
above. In addition, the occurrence of all in- 
tereurrent events, including infections, coin- 
cidental illness and medications, surgery, or 
other events, were monitored at each visit. 

Prior to treatment and at each follow-up 
visit, patients were instructed to follow a diet 
low in sodium and simple sugars. Vigorous 
counseling by the Clinical Research Centers’ 
dieticians was provided to both patients and 
parents of boys gaining weight. All patients 
were instructed to take 0.3 g of calcium car- 
bonate with each meal. 












ferences between the placebo group and each 
prednisone group and the differences 
between the two prednisone groups. Least- 
square means (which adjust the treatment- 
group means for differences in baseline val- 
ues) were computed for all measures. The P 
values reported for all tests of significance 
are two sided. Computations were per- 
formed with SAS GLM type III sums of 
squares.’ The variables were evaluated indi- 
vidually, with no correction for multiple com- 
parisons. Such correction would not materi- 
ally affeet the conclusions, since the 
uncorrected P values were very small. Sam- 
ple size in this study was sufficient to achieve 
a power of 0.7 to detect arrest of disease 
progression within 6 months. 

The analysis of the significance of differ- + 
ences in the prevalence of side effects was 
assessed by a categorical model fit with Proc 
CATMOD." Inthe analysis of weight change, 
acumulative logit was used as the dependent 
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Table 2.—Average Muscle Strength (AMS) at Each Visit 


Mean * AMS 


(No. of Subjects) 


prerana ete RCTS, 


Prednisone 


P Values 


Piacebo vs Prednisone 


te nnntemenetnenemmnent ea, 


Placebo 0.3 mg/kg 


0.3 and 
0.75 mg/kg 0.75 mg/kg 


0.3 mg/kg 


Prednisone, 
0.3 mg/kg vs 


0.75 mg/kg 0.75 mg/kg 





5.78 (31) 5.87 (31) 


§.88 (33) 05 WV 


.O8 





5.83 (30) §.93 (32) 


6.01 (34) .06 24 





§.71 (30) 5.89 (32) 


6.00 (34) -0002 01 


.04 
.0001 








5.68 (29) 5.86 (32) 


6.02 (34) -0001 .02 





5.48 (30) §.82 (31) 


*Least-square means (adjusted for baseline values). 


variable. For other side effects, the default 
logit response was employed. Contrasts 
were computed as for the measures of effica- 
cy. The power of this study to detect differ- 
ences in side effects between groups is inade- 
quate except for major changes. 


RESULTS 
Baseline Assessments 


There were no significant differences 
between the three patient groups in any 
baseline values for age, muscle strength 
score, leg function grade, timed func- 
tional testing, ability to lift weights, 
pulmonary function, or creatine kinase 
concentration (Table 1). (For certain pa- 
tients, disability precluded testing of a 
specific function.) 


Results of Treatment 


At 10 days, the average muscle 
strength of the low-dose (5.87) and high- 
dose (5.88) groups was significantly 
greater (P = .05) than that for the place- 
bo-treated group (5.78) (Table 2). This 
improvement increased at 1 month and 
then reached a plateau that persisted 
until 6 months (Fig 1 and Table 2) and 
contrasted with the placebo group that 
became steadily weaker. The increase in 
average muscle strength above baseline 
at 6 months was similar to that observed 
at 3 months for both patient groups. The 
higher dose of prednisone (0.75 mg/kg) 
produced a greater increase in muscle 
strength at each time point than did the 
low dose (0.3 mg/kg), although the dif- 
ference did not become statistically sig- 
nificant until 3 months (P = .02) (Fig 1). 
The placebo group declined in muscle 
strength similarly to the natural history 
rate of decline previously observed in 
Duchenne dystrophy." 

At 6 months, the high-dose and low- 
dose prednisone groups were signifi- 
ycantly improved compared with placebo 
group in leg function grade, timed func- 
tions, lifting weights, and forced vital 
capacity. The improvement was statisti- 
cally greater in the high-dose predni- 
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6.00 (34) .0001 





— -:- Prednisone, 0.3 mg/kg 
Prednisone, 0.75 mg/kg 
—— Natural History 


Change in Average Muscle Strength Score 


.0001 





Time, mo 


Fig 1.—Change (mean+SEM) in the score for average muscle strength in the placebo and 
prednisone groups after the initiation of their regimens. Solid line (“natural history”) represents the 
values for change observed in 177 patients with Duchenne dystrophy who received no treatment. 


sone group for most measures (Table 3). 
In the low-dose prednisone group, some 
measures did not change when com- 
pared with placebo (Table 3). 


Side Effects 


The incidence of side effects in the 
three study groups is indicated in Table 
4. Patients taking prednisone at 
0.75 mg/kg per day had a significant 
incidence of cushingoid appearance 
(71%), excessive hair growth (41%), and 
increased appetite (68%). Patients tak- 
ing 0.3 mg/kg of prednisone per day did 
not have any side effects that were pre- 
sent to a significantly greater extent 
than those reported in the placebo 
group. There was a trend for patients 
taking 0.3 mg/kg of prednisone daily to 
have an increased appetite (P = .10). 

Significant weight gain occurred in 
both prednisone-treated groups (Table 


5; Fig 2), and, although a smaller per- 
centage of patients gained over 20% 
above baseline on the 0.3-mg/kg dosage, 
the difference was not significant be- 
tween groups (0.3 mg of prednisone, 
11%; 0.75 mg of prednisone, 31%; 
P=.18). Neither group of patients 
gained significantly more than placebo- 
treated patients until 2 months of treat- 
ment (Fig 2). 


COMMENT 


This study confirms our previous, con- 
trolled, double-blind, therapeutic trial 
showing that prednisone produces a sig- 
nificant increase in muscle strength, 
pulmonary function, and functional abil- 
ity in patients with Duchenne dystro- 
phy. In addition, the present study 
helps to define the minimum prednisone 
dose required to produce the maximal 
increase in strength to be between 0.3 
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Table 3.—Clinical and Laboratory Measurements in the Study Groups After 6 Months. of Treatment 


Mean“ (No. of Patients 
Completing Testing) 
Peonenememmamamnnamenmamnamnaenaneaeemeeianeeeneeneeseneneee 
Prednisone 
nner, Prednisone, 0.3 


P Value 
‘Gotta emia et aie at ai beac 
Placebo vs Prednisone 













































































0.3 and 0.75 mg/kg vs 
Measurement Placebo 0.3mg/kg 0.75 mg/kg mg/kg 0.3 mg/kg 0.75 mg/kg 0.75 mg/kg 

Muscle strength score 5.48 (30) §.82 (31) 6.00 (34) .0001 .0001 .0001 026 
Leg function grade 4.46 (29) 4.07 (29) 4.19 (34) 064 .060 17 53 
Timed functiont 

Time to climb stairs, s 8.44 (17) 5.76 (17) 4,23 (20) 0001 .0001 .0001 .0014 

Time to travel 9 m, s 8.51 (19) 7.33 (21) 6.37 (23) .01 .12 .003 .127 
Time to stand, s 8.23 (17) 6.64 (17) 4.56 (16) .005 18 .0003 .004 
Lifting weights, kg 1.26 (18) 1.64 (21) 2.04 (22) .0001 .003 .0001 .0006 
Pulmonary tunction 

Forced vital capacity, L 1.48 (30) 1.64 (29) 1.67 (34) .0006 .006 .001 87 

Maximal expiratory pressure, mm Hg 14.64 (21) 15.00 (22) 16.76 (27) .20 75 .055 10 

Maximal voluntary ventilation, L 44.17 (30) 46.90 (29) 46.06 (34) .28 28 „44 73 

















Log, creatine kinase 9.26 (9) 9.21 (9) 


“Values represent the least-square means (adjusted for corresponding baseline). 


+Mean values are in original units from log transformations. 


No. (%) With Side Effect 
Canosa nannaa 
Prednisone 
P E E 


9.15 (8) .69 


P Values 

ENA ea E a A E TETARA ES TEE ECO AAIEN A EA 
Placebo vs Prednisone 

1 oopeneeneneneenenmnmaeanesmmmenenemmenemmnemnteemmmnntinememmememenmmnmmmennmmenamenmemennnee 


Placebo 
{n = 32) 


0.3 mg/kg 0.75 mg/kg 
{n = 33) (n = 34) 


0.3 and 


Side Effect 0.75 mg/kg 0.3 mg 


Prednisone, 
0.3 mg/kg 
vs 0.75 mg/kg 


/kg 0.75 mg/kg 





Ankle edema 2 (6) 51 69 


-40 -60 





9 (26) 
6 (18) 
1 (3) 
24 (71) 
14 (41) 
8 (26) 
17 (50) 
23 (68) 


68 
35 


66 
Insomnia 67 
Anorexia 
Cushingoid 

Hair growth 
Hyperactivity 
Irritability 
Increased appetite 


11 (35) 
4 (13) 
4 (13) 
12 (39) 
12 (39) 


13 (41) 
3 (9) 
5 (18) 

11 (34) 

19 (59) 





18 
19 
17 

















Glycosuria (0) 1 (3) 





Cataracts 0 0 


* Includes all side effects reported at visits 1, 2, 3, and 6 months. 






Table 5.—Weight Gain in the Study Groups* 


No. of Patients (% of Group With Weight Gain) 
a i cae aa ii nec 
Prednisone 
Fan mnneneetieeenememmeannen 
0.3 mg/kg 0.75 mg/kg 
6 (22) 3 (9) 

8 (30) 5 (16) 

11-20 6 (21) 10 (37) 14 (44) 
>20 1 (3) 3 (11) 10 (31) 

* Weight at the first visit was compared with weight at the last visit. The weight gain in the prednisone-treated 
patients was significant (placebo vs both prednisone groups, P = .0002; placebo vs prednisone 0.3 mg/kg, 
P = .01; placebo vs prednisone 0.75 mg/kg P = .0005). There was no significant difference in weight gain be- 
tween the prednisone groups (P = .18). 


Percent of Weight 
Gained Above Baseline 


<5 
5-10 


Placebo 
16 (85) 
6 (21) 




















and.0.75 mg/kg. The improvement is 
rapid and demonstrable within 10 days 
of starting the drug, becoming maximal 
by 2 months of treatment. 

This study design has a major advan- 
tage over the previously reported ran- 
domized, double-blind, controlled trial, 
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since the improvement in strength at 10 
days occurred prior to the onset of de- 
monstrable side effects, excluding ob- 
servable differences between treat- 
ment and placebo groups as a 
potentially unblinding factor. Side ef- 
fects remained absent at the 1-month 


evaluation. Furthermore, as in the pre- 
vious double-blind study,’ there were 
independent roles for clinical evaluators 
involved in assessment of strength and f 
function, and principal investigators, 
who assessed side effects. 

We have considered the mechanism 
of prednisone-induced improvement in 
our patients. The possibility that the re- 
sponse is a placebo effect is dis- 
counted by the use of a randomized, 
double-blind, placebo-controlled trial in 
both the present and previous’ studies. 
In addition, the response observed rep- 
resented a rapid and sustained improve- 
ment when compared with the natural 
history, which we have charted in over 
200 patients with Duchenne dystro- 
phy.*” Moreover, four negative double- 
blind, randomized, controlled trials of ,- 
other medications have provided us 
with ample data on placebo effects in 
Duchenne dystrophy." 

The possibility that prednisone pro- 
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Drug, mg/kg Plac 0.3 0.75 Plac 0.30.75 Plac 0.3 0.75 Plac 0.3 0.75 Plac 0.3 0.75 
Time 10d 1 mo 2 mò 3 mo 6 mo 
% Weight Gain 5-10 C1 1-20 E >20 


Fig 2.—Percent weight gain of patients with Duchenne dystrophy treated with placebo (Plac) and 
prednisone, 0.3 mg/kg per day or 0.75 mg/kg per day, at each visit. Values significantly (P<.05) 
different from those in the placebo group are indicated with an asterisk. 


duced its benefit by a psychological ef- 
fect in terms of an increase in motivation 
was considered. However, the observa- 
tion of an increase in muscle mass as 
demonstrated by creatinine excretion in 
our previous trial’ provided confirma- 
tory evidence of an actual change in the 
pathological process within muscle in 
treated patients. In companion studies 
conducted in conjunction with our initial 
treatment trials for prednisone in Du- 
chenne dystrophy, we showed that total 
body potassium increased to an extent 
similar to creatinine excretion.’ Total 
body potassium provides an indepen- 
dent assessment of lean body mass” and 
confirmed that the increase in creati- 
nine excretion reflects an increase in 
muscle mass. 

Additional studies conducted concur- 
rently with our earlier randomized trial 
of prednisone” have begun to define the 
basis for the increase in muscle mass, 
which accompanies the improvement in 
strength. Measurements of 24-hour uri- 
nary excretion of 3-methylhistidine 
were made before and after 6 months in 
103 patients with Duchenne dystro- 
phy.” The rate of 3-methylhistidine ex- 
cretion was adjusted for muscle mags. 
Six months of prednisone treatment 
produced a significant decline in 
3-methylhistidine excretion (16%), com- 
pared with the 3% increase observed in 
untreated patients.” Since 3-methylhis- 
tidine is an indirect measure of the rate 
of muscle breakdown,” it appears that 
muscle mass increases, at least in part, 
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because of a decrease in the rate of mus- 
cle breakdown. 

Studies carried out at one of the five 
centers (The Ohio State University) ina 
subgroup of patients with Duchenne 
dystrophy addressed the question of the 
immunosuppressant actions of predni- 
sone in mediation of improved strength 
and decreased in muscle destruction. 
Mononuclear cell analyses of muscle bi- 
opsy specimens conducted at the conclu- 
sion of the prednisone trial demon- 
strated a marked decrease in the total 
number of T cells (CD2 + ) and selective- 
ly on the subset of CD8+ cytotoxic/ 
suppressor T cells.” Prednisone treat- 
ment did not alter the number of necrot- 
ic fibers or decrease the infiltration of 
CD4+, natural killer cells, or macro- 
phages, or the number of B cells.” Pred- 
nisone treatment had no effect on dys- 
trophin expression following 
treatment.” Thus, it appears that pred- 
nisone produces an increase in strength 
and muscle mass by decreasing the rate 
of muscle breakdown. However, since 
the number of necrotic fibers is not de- 
creased, it is possible that the predni- 
sone-induced decrease in cytotoxic lym- 
phocytes allows damaged fibers to 
undergo regeneration averting muscle 
breakdown and fiber loss, as reflected 
by the decrease in 3-methylhistidine ex- 
cretion. Studies by others in Duchenne 
dystrophy have shown that the comple- 
ment cascade is activated in necrotic 
fibers” and that cytotoxic T cells focally 
invade muscle fibers.* 





The observations that prednisone im- 
proves strength and function in Du- 
chenne dystrophy in this and previous 
studies, ** as well as reducing inflamma- 
tory infiltrates, decreasing 3-methyl- 
histidine urinary excretion, and in- 
creasing muscle mass, are not 
inconsequential in a disease of relent- 
less progression without treatment. Al- 
though clinical trials of myoblast trans- 
fer in boys with Duchenne dystrophy” 
have begun in hopes of producing dys- 
trophin expression as seen in the mdx 
mouse model for the disease,” the wide- 
spread applicability of such treatment is 
unknown.’ For this reason, we believe 
that additional studies of the mecha- 
nism of prednisone effect on rates of 
muscle protein synthesis and regulation 
of hormonal milieu are important. We 
are also examining the effect of azathio- 
prine in combination with prednisone 
for a potential steroid-sparing or poten- 
tiating effect.” Controlled studies of pa- 
tients with more advanced Duchenne 
dystrophy and with Becker's dystrophy 
are in progress. It is also possible that 
other schedules of prednisone adminis- 
tration (such as pulsed dosage) may be 
effective and have fewer side effects. 

For the present, our studies have de- 
fined a dose response to prednisone with 
maximal benefit achieved at 0.75 mg/kg 
per day, not equaled by 0.3 mg/kg per 
day. We recommend that a prednisone 
dosage of 0.75 mg/kg per day be consid- 
ered for patients with Duchenne dys- 
trophy who experience functional de- 
cline. Our natural history data suggest 
that patients are most likely to begin 
such functional decline at age 7.5 years” 
(falling more frequently, more trouble 
with stair climbing), requiring use of 
long leg braces between 9 and 10 years. 
Studies in progress also indicate that 
long-term prednisone continues to 
maintain strength and function com- 
pared with natural history rates of de- 
cline.” Side effects such as weight gain, 
hypertension, or behavioral distur- 
bances may necessitate the reduction or 
cessation of treatment in some pa- 
tients.” 
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Parkinson’s disease 


The first dopamine agonist indicated for 
Parkinson's disease with activity at both 

D; and D: receptors 

10 to 1,000 times more potent than bromo- 
criptine on a milligram-per-milligram basis 
Improves patients’ functioning in activities 
of daily living, relieves signs and symptoms, 
and reduces “off” time 

May allow a significant reduction in 
levodopa dosage 

Most common adverse events were dyskinesia, 
nausea, dizziness, and hallucinations 
Hypotension may occur, especially early in 
the course of therapy 

Stepwise titration without regard to meals 
Available in 0.05-mg, 0.25-mg, and I-mg 
scored tablets 
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| BS; iy 


Attest s conceplion of dopamine agonisti in the synapse 
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Permax’ 


pergolde mesylate 


Briet Summary. Consult the package insert tor complete prescribing 
intormation. 


indications and Usage: Permax is indicated as adjunctive treatment to 
ievodapa’carbidopa in the management of the signs and symptoms ot Parkin- 
son's disease 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
man adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to tevedopa’ 
carbidopa as manifested by moderate to severe dyskinesia and/or on-cff phe- 
nomena. On average. the sample of patients evaluated nad been on ievodopa’ 
carbidopa for 3 9 years (range, two days to 16.8 years). The administration of 
pergolide mesylate permitted a 5% to 30% reduction in the daily cose o! 
levodopa. On average. these patients treated with pergolide mesylate maim- 
tained an equivalent or better clinical status than they exhibited at baseine 


Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug or other ergot derivatives. 


Warnings: Symptomatic Hypotension —in clinical trials. approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension. 
especially dunng initial treatment. With gradual dosage titration. tolerance to 
the hypotension usually develops itis, therefore, important to warn patents of 
the risk, to begin therapy with low doses. and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks 

Aallucinosis —In controited trials. pergolide mesylate with tevodopa caused 
hallucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
im about 3% of those enrolled. tolerance to this untoward effect was not 
observed 

Fatalities —in the placebo-contralled trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate Of the 2,299 patients treated with pergolide mesylate in premarketing 
Studies evaluated as of October 1988, 143 died while on the drug or shortly 
after discontinuing the drug. The patient population under evaluation was 
elderly, Hl, and at high risk for death. it seems unlikely that pergolide mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival af patients cannot be excluded with absolute certainty. 

In particular, a case-by-case review ot the clinical course of the patients who 
died failed to disclose any unique Set of signs, symptoms. of laboratory results 
that would suggest that treatment with pergalide caused thei deaths. Sixty- 
eight percent (68%) af the patients who died were 65 years of age or cver No 
death {other than a suicide) occurred within the first month of treatment: most 
of the patients who died had been on pergohide for years. A relative frequency of 
the causes of death by organ system are: pulmonary failure‘pneumonia, 35% 
Cardiovascular, 30%, cancer, 11%. unknown, 8.4%: infection. 3.5%. extrapyra- 
midal syndrome, 3.5%. stroke, 2.1%. dysphagia, 2 1%; injury, 1 4%: suicide 
1 4%: dehydration. 0.7%. giomerulonephritis, 0.7% 


Precautions: Generai ~Caution should be exercised when adminstering 
pergolide mesylate to patients prone to cardiac dysrhythmias 

in a study comparing pergotide mesyiate and placebo. patients taking 
pergohde mesylate were found to have significantly more episodes ot atria! 
premature contractions (APCs) and sinus tachycardia 

The use of pergohde mesylate in patients on levodopa may cause and/or 
exacerbate preexisting states of confusion and hallucinations (see Warnings} 
Aiso. the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
tions and confusion; these may occur within a span of several days. Discontin- 
uation of pergotide should De undertaken gradually whenever possible even it 
the patient is to remain on levodopa 

The admimsteation of pergolide mesylate to patients receiving levodopa may 
Cause and/or exacerbate preexisting dyskinesia 

information for Patients ~Patients and their families shouid be informed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk of hypotension (see Warnings) 

Patients should be advised to notify ther physician it they become pregnant 
or intend to become pregnant during therapy 

Patients should be advised to notity ther physician if they are breast teeding 
an infant 

Laboratory Tests --No specific laboratory tests are deemed essential for the 
management of patients on Permax. Periodic routine evaluation of all patients. 
however. is appropriate. 

Drug interactions — Dopamine antagonists. such as the neuroteptics (phe- 
nottazimnes, butyrophenones. thioxanthines} or metoclopramide. ordinarily 
shouid not be administered concurrently with Permax ja dopamine 
agonist), these agents may diminish the effectiveness of Permax 

Because pergahde mesylate is approximately 90% associated with plasma 
proteins, caution should be exercised if pergobde mesylate is coadmunistered 
with other drags known te affect protein binding 

Carcinogenesis, Mutagenesis. and Impaiment of Fertitity ~A two-year 
carcinogenicity study was conducted in mice yeng dietary levels of pergobde 
mesylate equivalent to oral doses of 0 6.3 7. and 36.4 mg/kg/day in males and 
0.6, 44. and 40.8 mg/kg/day in females A two-year study in rats was con- 
ducted using dietary levels equivaient to oral doses of 004 0 18. and 0 88 
mg’kqday in males and 0 05, 0.28. and 1 42 mg/kg/day in femaies. The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human orai dose administered in controlled clinical trials (6 mg. 
day equivalent to 0.12 mg/kg/day? 

A low incidence of uterine Neoplasms occurred in both rats ard mice 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice The occurrence of these neoplasms is prod- 
ably attributabie to the High estrogen’ progesterone ratio which would accur in 
rodents as a result of the prolactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
Malignancies occurring in pergolide-treated rodents and human risk. there are 
ho human data to substantiate this canctusion 

Pergolde mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bacterial mutation assay. a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells. and 
a determination af chromosome alteration in bone marrow celis of Chinese 
hamsters. A weak mutagenic response was foted in the in vitro mammalian 
cell-paint-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay The relevance of these findings to 
humans is unknown 

A fertility Study inmaie and female mice showed that fertility was maintained 
at 0.6 and 1 7 mg/kg/day but decreased at 5.6 mg/kg/day Prolactin has been 
reported to be involved in stimulating and maintaining progesterore levels 
required for implantation in mice and. therefore, the impaired fertility at high 
dose may occur because of depressed prolactin tevels 

Usage in Pregnancy--Pregnancy Category B -Reproduction studes were 
conducted in mice at doses of 5. 16, and 45 mg/kg/day and in rabbits at doses 
ot 2.6. and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in con- 
trolled clinical inais. inthese studies, here was no evidence of harm tothe fetus 
due to pergolide mesylate 


Permax® ipergoide mesylate, Lilly} 


PR-9002-2 T9308 © 1991. ELI LILLY AND COMPANY 


There are. however, no adequate and well-controlled studies m pregnant 
women Among women who teceived pergolide mesylate for endocrine disor- 
ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major two minar). a Causal relationship has sot been established. Because 
human data are limited and because animal reproduction studies ate not 
always predictive of human response. this drug should be used during preg- 
nancy only if clearly needed 

Nursing Mothers —it is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human miik and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants. a decision should be made whether to discontinue nursing or to 
discontinue the drug. taking into account the importance of the drug to the 
mother 

Pediatric Use —Satety and effectiveness in children have not been estab- 
fished 


Adverse Reactions: Commonly Observed —in premarketing clinical trials, the 
most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence amang placebo- 
treated patients were. nervous system complaints. including dyskinesia. hallu- 
Cinations, somnolence, insomnia: digestive complaints. including nausea, 
constipation, diarrhea, dyspepsia, and respiratory system complaints. includ- 
ing rhinitis. 

Associated With Discontinuation of Treatment ~Twenty-seven percent 
(27%) of approximately 1.200 patients receiving pergolide mesylate tor treat- 
ment ot Parkinson's disease in premarketing clinical trials inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
Causing discontinuation were related to the nervous system (15 5%). primarily 
hallucinations (7 8%} and confusion (1 8%) 

Fatalities -See Warnings 

incidence in Controlled Clinical Triais —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate whe participated in the premarketing controlied ciin- 
ical triais Comparing pergolide mesylate with placebo. In a double-blind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy 

The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patent characteristics and other tactors differ from these which prevailed 
in the cfinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained trom other clinical investigations involving different treat- 
ments, uses, and investigators The cited figures, however. do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
drug and nondrug factors to the side-effect incidence rate in the population 
studied 


incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controtled Clinical Trial 
Percentage of Patients Reporting Events 


Body System, Pergolide Mesyiate Placebo 
Adverse Event” N= 189 N=187 


Body as a Whole 
Pain 
Abdominal pain 
injury. accident 
Headache 
Asthenia 
Chest pain 
Flu syndrome 
Neck pain 
Back pain 
Surgical procedure 
Chilis 
Face edema 
infection 


Postural hypotension 
Vasodilatation 
Palpitation 
Hypotension 
Syncope 
Hypertension 
Arrhythmia 
Myocardial infarction 


Digestive 
Nausea 
Consupation 
Diarrhea 
Dyspepsia 
Anorexia 
Dry mouth 
Vomiting 


Hemic and Lymphatic 
Anemia 
Metabolic and Nutritional 


Penpherai edema 
Edema 
Veight gain 
Musculoskeletal 
Arthraigia 
Bursitis 
Myaigia 
Twitching 
Nervous System 
Dyskinesia 
Dizziness 
Hallucinations 
Dystonia 
Confusion 
Somnolence 
insomnia 
Annety 
Tremor 
Depression 
Abnormal dreams 
Personality disorder 
Psychosis 
Abnormal gait 
Akathisia 
Extrapyramidal syndrome 
Incoordination 
Paresthesia 
Aginesia 
Hypertoma 
Neuralgia 
Speech disorder 
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incidence of Treatment-Emergent Adverse 
Experiences in the Piacedo-Controtied Clinical Trial 
Percentage of Patients Reporting Events 


Pergolide Mesyiate Placebo 
N=189 N= 187 





Body System’ 
Adverse Event* 


Respiratory System 
Rhinitis 122 
Dyspnea 48 
16 
11 





Epistaxis 
Hiccup 


Skin and Appendages 
Rash 32 
Sweating 24 

Special Senses 
Abnormal vision 5 
Diplopia 2 
Taste perversion 1 
Eye disorder 1 


Urogenital System 
Urinary frequency 2 6 
Urinary tract infection 27 3 
Hematuria 4 f 


4 
F 





T reported by at least 1% of patients receiving pergolide mesyiate are 
included 


Events Observed During the Premarketing Evaluation of Permax -This sec- 
han reports event frequencies evaluated as ot October 1988 for adverse events 
ocurring in a group of approximately 1.800 patents who took multiple doses of 
pergolide mesylate. The conditions and duration of exposure to perdittide 
mesylate varied greatly, involving well-controlled studies as well as experience 
in open and uncontrolled clinical settings in the absence of appropriate con- 
trols in some of the studies. a causal relationship between these events and 
treatment with pergolide mesylate cannot be determined 

The following enumeration by organ system describes events in terms of 
their relative frequency of reporting in the data base. Events of major chincal 
importance are also described in the Warnings and Precautions sections 

‘The folowing definitions of frequency are used: frequent adverse events are 
defined as those occurring in atleast 1/100 patients. infrequent adverse events 
are those occurring in 1/100 to 1/1006 patients, rare events are those occur- 
ring in fewer than 171.000 patients 

ody as a Whole Frequent headache, asthenia, accidental injury, abdom- 
inal pain, chest pain, back pam, flu syndrome, neck pain, fever: infrequent. 
facia! edema, chilis, enlarged abdomen, malaise. neoplasm, hernia, pelvic 
pain, sepsis. Cellulitis, montliasis, abscess, jaw pain. hypothermia, Rare. acute 
abdominal syndrome. LE syndrome 

Cardiovascular System Frequent. postural hypotension, syncope, hyper- 
tension, palpitations, vasodilatations. congestive heart failure, infrequent 
myocardial infarction. tachycardia, heart arrest, abnormal electrocardiogram. 
angina pectons. thrombophlebitis, bradycardia. ventricular extrasystoles, 
cerebrovascular accident, ventricular tachycardia. cerebral ischemia. atnal 
fibration, varicose vein, pulmonary embolus. AV block, shock 
Rare vasculitis, pulmonary hypertension, pericarditis, migraine. heart block. 
cerebral hemorrhage 

Digestive System - Frequent: nausea, vomiting, dyspepsia, diarrhea. con- 
Stipation, dry mouth. dysphagia: infrequent tlatulence, abnormal hver function 
tests. increased appetite, salivary gland enlargement, thirst, gastroentagitis, 
gastritis, periodontal abscess. intestinal obstruction, nausea and vomiting, 
gingivitis. esophagitis, cholelithiasis. tooth caries. hepatitis, stomach ulcer, 
melena, hepatomegaly, hematemesis, eructation, Rare. sialadenitis, peptic 
ulcer. pancreatitis. jaundice. glossitis. fecal incontinence, duodenitis. colts, 
cholecystitis, aphtious stomatitis. esophageal ulcer. 

Endocrine System — infrequent: hypothyroidism, adenoma, diabetes melli 
tus. ADH inappropriate. Rare. endocrine disorder, thyroid adenoma 

Hemic and Lymphatic System ~ Frequent. anemia: infrequent: ieukopenia, 
lymphadenopathy. ieukocytosis. thrombocytopenia. petechia, megaloblastic 
anemia, cyanosis Rare: purpura, lymphocytosis. eosinophilia, thrombo- 
cythemia, acute tymphobiastic leukemia, polycythemia, splenomegaly 

Metabolic and Nutritional System frequent: peripheral edema, weight 
Joss, weight gain, Infrequent: dehydration. hypokalemia, hypoglycemta.iron 
deficiency anemia, hyperglycemia, gout. hypercholesteremia: Rare. elec- 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System -Frequent twitching, myalgia, arthralgia: Infre- 
quent bone pain, tenosynovitis, myositis, bone sarcoma, arthritis. Rare 
osteoporosis. muscle atrophy, osteomyelitis 

Nervous System — Frequent: dyskinesia, dizziness, hallucinations, contu- 
Sion. somnolence insomnia, dystonia. paresthesia, depression, anxiety, 
tremor, akinesia, extrapyramidal syndrome, abnormal gait, abnormal dreams. 
iNcoordinatian, psychosis. personality disorder, nervousness, choreoatheto- 
sis, amnesia, paranoid reaction, abnormal thinking: Infrequent: akathisia. neu- 
ropathy. neuralgia, hypertonia, delusion, convulsion, libido increased, 
euphoria, emotional lability, libido decreased. vertigo. myoclonus, coma, apa- 
thy. paralysis, neurosis, hyperkinesia, ataxia. acute brain syndrome, torticollis. 
meningitis. manic reaction. hypokinesia. hostility. agitation, hypotonia; Rare. 
stupor, neuritis. intracranial hypertension, hemiplegia, facial paralysis. brawn 
edema. myelitis, hallucinations and confusion after abrupt discontinuation 

Respiratory System — Frequent rhinitis, dyspnea, pneumonia. pharyngitis 
cough increased, infrequent: epistaxis, htccup, sinusitis, bronchitis” voce 
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è Positron emission tomography with 
6-["*F]}fluoro-L-dopa (6-FD) provides in vivo 
information on the function of nigrostriatal 
dopaminergic neurons. We used 6-FD and 
positron emission tomography to investi- 
gate the integrity of the nigrostriatal system 
in seven patients with progressive supranu- 
clear palsy. All patients had axial hypertonia, 
vertical gaze palsy, and parkinsonian fea- 
tures. Dementia, pyramidal signs, and ataxia 
were seen in varying proportions. We ana- 
lyzed the scans with a graphic method to 
calculate a steady-state 6-FD uptake rate 
constant for the whole striatum. Results 
were compared with those obtained in seven 
age-matched controls. As a group, the pa- 
tients with progressive supranuciear palsy 
had reduced 6-FD uptake constants. The 
6-FD uptake constant correlated inversely 
with the duration of the disease. Normal posi- 
tron emission tographic findings In one pa- 
tient with the shortest duration of symptoms 
suggests that in early progressive supranu- 

t clear palsy, parkinsonism may relate to dys- 
function distal to the dopaminergic neurons. 

(Arch Neurol. 1991;48:389-391) 


P rogressive supranuclear palsy (PSP) 
is characterized by supranuclear 
ophthalmoplegia, parkinsonism, pseu- 
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dobulbar palsy, axial hypertonia, and 
dementia with variable cerebellar atax- 
ia and pyramidal dysfunction.’ The 
parkinsonism in PSP may be related, at 
least in part, to dysfunction of the dopa- 
minergic pathway. In vivo studies with 
positron emission tomography (PET) 
should add to our understanding of the 
pathophysiologic processes involved in 
disorders in which the dopaminergic 
pathways may be preferentially af- 
feeted, such as PSP. Positron emission 
tomography is particularly suited for 
the evaluation of early disease, in which 
postmortem information is seldom 
available. 

With 6-["F ]fluoro-L-dopa (6-FD) and 
PET, we can study the integrity of ni- 
grostriatal dopaminergic function. The 
injected 6-FD is transferred from blood 
to the striatum, where it is converted to 
fluorodopamine by dopa-decarboxylase 
and trapped in the presynaptic vesicles. 
The retention of radioactivity within 
the striatum is related to the functional 
integrity of the presynaptic nigrostria- 
tal dopaminergic nerve endings. This 
can be quantified by calculating a 6-FD 
uptake rate constant.’ In idiopathic par- 
kinsonism, the accumulation of 6-FD 
and its metabolites in the striatum is 
decreased, implying impairment in the 
presynaptic nigrostriatal dopaminergic 
function.” 

The aim of this study was to utilize 
PET to evaluate presynaptic nigrostria- 
tal dopaminergic function in PSP. 

The diagnosis of PSP was indepen- 
dently confirmed by two neurologists, 
using the clinical criteria of Maher and 
Lees.* The disease duration was esti- 
mated from history furnished by the pa- 
tients and other family members and 
from the medical records. 


There were three men and four wom- 
en with PSP; their ages ranged from 60 
to 73 years (mean, 66.4 years). The av- 
erage duration of symptoms from onset 
to PET scan was was 42.5 months 
(range, 16 to 72 months). 


REPORT OF CASES 


CASE 1.—A 67-year-old woman presented 
with a36-month history of progressive mem- 
ory loss, falls, and difficulty in using her 
hands. Since onset, her mobility, memory, 
reasoning, and language had deteriorated, 
and she had developed urinary incontinen¢e 1 
year prior to her PET scan, On examination, 
there was marked perseveration of speech 
and motor tasks. She had loss of recent mem- 
ory. Conjugate eye movements were absent 
in downward and left gaze and impaired in up 
gaze but complete by vestibulo-ocular ma- 
neuver. She had hypomimia, brisk facial re- 
flexes, axial hypertonia, cogwheel rigidity at 
the wrists, and brisk deep tendon reflexes. 
The plantar responses were flexor. Com- 
puted tomography (CT) of the patient's head 
showed generalized brain-stem and cortical 
atrophy. 

CASE 2.—A 59-year-old man presented 
with a 49-month history of progressive im- 
balance and diplopia. He had a history of 
impairment in recent memory, dysphagia, 
and hypophonia. On examination, he had 
mild recent memory loss. His eye move- 
ments were impaired in down gaze by 50%, 
and up gaze was only possible to the midline, 
The limitation in gaze could not be overcome 
by the vestibulo-ocular maneuver. The blink 
rate was markedly reduced, and the facial 
reflexes were brisk. He had poor balance and 
walked with a broad-based gait, with his 
neck held in retroflexion. The tendon reflex- 
es were brisk. The plantar responses were 
flexor. Magnetic resonance imaging showed 
temporoparietal and generalized brain-stem 
atrophy. 

CASE 3.—A 61-year-old man presented 
with a 37-month history of progressively de- 
terlorating balance, frequent falls, loss of re- 
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cent memory, and change in personality. He 
had difficulty in focusing his vision. On ex- 
amination, his speech was dysarthric and his 
recent memory was impaired. He had a 75% 
limitation in upward and downward gaze and 
a 25% limitation in horizontal gaze. Saccades 
were absent vertically and impaired horizon- 
tally, Vestibulo-ocular responses were com- 
plete in both eves. The patients blink rate 
was less than one per minute, and he had 
hypomimia. His axial tone was normal. All 
his tendon reflexes were brisk. The plantar 
responses were flexor, and there was mini- 
mal hand ataxia. Magnetic resonance imag- 
ing showed predominant — brain-stem 
atrophy, 

CASE £.—A 62-year-old woman presented 
with a 16-month history of frequent falls. On 
examination, there was no evidence of de- 
mentia, Her vertical conjugate eye move- 
ments were absent and horizontal move- 
ments impaired, with gaze-evoked 
horizontal nystagmus. She had mild cog- 
wheel rigidity at her wrists and increased 
axial tone. Her gait was wide based and she 
could not walk tandem. Her reflexes were 
normal. Magnetic resonance imaging showed 
prominent temporal atrophy, with midbrain 
and pontine atrophy. At the time of her PET 
sean, she was least affected and was symp- 
tomatic for the shortest duration compared 
with other patients. Two years after the PET 
scan, her illness had progressed with the 
development of marked parkinsonian fea- 
tures, dysarthria, and dysphagia without de- 
mentia. She declined a second PET sean. 

CASE 5.—A 69-year-old woman presented 
with a 72-month history of frequent falls, 
dysarthria, and diplopia. On examination, 
she had impaired recent memory and acaleu- 
lia. Her upward and downward gaze were 
impaired, and there was abduetion nystag- 
mus in both eyes. Conjugate eye movements 
were slow in all directions, especially down- 
ward. Vestibulo-ocular response was im- 
proved only in the upward direction. The 
blink rate was one per minute. She had hypo- 
mimia and brisk facial reflexes with an in- 
creased jaw jerk. Her axial tone was in- 
creased, Cogwheel rigidity was present in all 
limbs, and she had marked bradykinesia. The 
tendon reflexes were normal, and the plantar 
responses were flexor. Magnetic resonance 
imaging showed generalized cortical and 
midbrain atrophy. 

CASE 6.—A 73-year-old woman presented 
with a 40-month history of frequent falls, 
diplopia, and hand tremor. On examination, 
there was no evidence of dementia. Her ver- 
tical gaze was restricted, but her horizontal 
eye movements were full. Her saccadic eve 
movements were slow, and she had to use 
excessive neck movements to look to either 
side. Her vestibulo-ocular response im- 
proved the range of her vertical eye move- 
ments. Cogwheel rigidity was present at the 
ind the axial tone was increased. She 
had a resting hand tremor with ataxia of the 
left arm and an ataxic gait. The tendon re- 
flexes were exaggerated with equivocal 
plantar responses. Magnetic resonance im- 
aging showed generalized cortical and brain- 
stem atrophy. 

CASE 7.—A 72-year-old man presented 
with a 48-month history of a slow shuffling 
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gait and frequent falls. Subsequently, he de- 
veloped profound memory loss, dysphasic 
speech, urinary incontinence, and lack of 


spontaneity. On examination, he had 
profound dementia. Vertical gaze was re- 
stricted, pursuit was broken, and saccadic 
eye movements were slow. The vestibulo- 
ocular response was normal. The blink rate 
was two per minute. Axial tone was in- 
creased, and cogwheel rigidity was present 
at both wrists. Tendon reflexes were exag- 
gerated with extensor plantar responses. 
Magnetic resonance imaging showed gener- 
alized cortical and brain-stem atrophy. 

Patients 2, 3, 5, 6,and 7 were taking levo- 
dopa-carbidopa (Sinemet); patients 3 and 5 
were also taking bromocriptine. Patients 1 
and 4 had stopped all treatment because of 
poor response. There was no clinical im- 
provement noted among the patients who 
were taking medication. None of the patients 
were taking neuroleptics prior to their PET 
sean, 

Seven age-matched controls underwent 
PET seans. The controls were neurologically 
normal and not taking any medication. The 
ages of the controls ranged from 57 to 73 
years (mean, 65.5 years). The individual ages 
of the controls and patients differed by a 
maximum of 3 years. 


METHODS 


We used a PET protocol that has been 
approved by the University of British Co- 
lumbia, Vancouver, Canada. All medications 
were withdrawn the night before the sean. 
Positron-emitting fluorine 18 was incorpo- 
rated into a dopa derivative to produce 6-FD 
using a cyclotron (TRIUMF CP-42), as de- 
scribed elsewhere.” The PET studies were 
performed with the University of British Co- 
lumbia TRIUMF PETT VI system.” This 
apparatus permits emission data to be col- 
lected simultaneously from seven contiguous 
axial slices, with a center-to-center slice sep- 
aration of 14 mm, an average axial resolution 
of approximately 11-mm full width at half 
maximum, and an in-plane resolution aver- 
aging 9.2-mm full width at half maximum. All 
patients underwent a magnetic resonance 
imaging scan sean (Picker 0.15-T magnet), 
except for patient 1 who underwent a CT 
scan, Magnetic resonance imaging or CT was 
performed to locate the plane of the striatum. 
This plane was identified and marked above 
the orbitomeatal line with a pair of laser 
beams. The patient was then positioned so 
that the magnetic resonance imaging or CT 
plane that best visualized the striatum corre- 
sponded to the fifth PET slice. 

One hour before the scan, 100 mg of carbi- 
dopa was administered orally. This dose of 
carbidepa prevents peripheral decarboxyl- 
ation of labeled dopa.” During scanning, the 
patient lay supine with head movements lim- 
ited by a molded thermoplastic face mask. A 
transmission scan was performed prior to 
tracer administration to permit attenuation 
correction to be applied to the emission data. 
Each subject received 74 to 129.5 MBq of 
6-FD. Twelve sequential emission scans, 
each lasting 10 minutes, were performed, 
starting immediately after tracer admin- 
istration. 

Sequential blood samples were obtained in 
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Fig 1.—The individual 6-['*F]fluoro-L-dopa 
(6-FD) uptake rate constants of the patients 
with progressive supranuciear palsy (PSP) and 
the controls are compared. As a group, patients 
with PSP had significantly reduced uptake rate 
constants compared with age-matched controls 
(PSP group mean{SD], 0.29[0.181]; controls, 
0.71[0.099]; P<.001). 


Controls 


e 


each subject via an indwelling radial artery 
catheter, and the total plasma radioactivity 
was measured in each sample. The relation- 
ship between plasma 6-FD radioactivity and 
radioactive metabolites vs time was caleu- 
lated.” Striatal regions of interest with an 
area of 12 cm” were placed on all slices in a 
which striatal radioactivity was evident in 
excess of the background. Two cortical re- 
gions of interest occupying an area of 9 em? 
were placed in the posterior temporoparietal 
cortex. Tissue and plasma measurement 
were analyzed by a graphic method as de- 
scribed previously.” 

To minimize the partial volume effect due 
to striatal atrophy, we used large regions of 
interest to sample the whole striatum. Ra- 
dioactivity in small structures may be under- 
estimated owing to the partial volume effect, 
as the counts are distributed over a larger 
area. Despite a wide distribution, however, 
counts are conserved." Therefore, a large 
region of interest will measure total radioac- 
tivity in the structure of interest.” 


RESULTS t 


The 6-FD uptake constant among the 
PSP group was significantly reduced 
(PSP group mean[SD], 0.290.181]; con- 
trols, 0.71[0.099]; P<.001, t test), com- 
pared with that among controls (Fig 1). 
The uptake constant among the patients 
with PSP correlated inversely with the 
duration of symptoms (r = .85; P =.015) 
(Fig 2). 

The magnetice resonance imaging and 
CT features of these patients conformed 
to previously reported criteria for the 
diagnosis of PSP.” 

COMMENT 


We found significantly reduced 6-FD 
ae fk x . 4 

uptake rate constants in patients with 
PSP compared with age-matched con- 
trols. The reduction correlated with the 
duration of the disease. Our results im- 
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Fig 2.—The 6-['*F}fluoro-L-dopa (6-FD) uptake 


+ rate constant for the patients with progressive 


supranuclear palsy is plotted as a function of 
disease duration (r= .85; P = .015). 


ply presynaptic nigrostriatal dopamin- 
ergic loss and are consistent with those 
in previous reports." Our findings are in 
accord with the neuropathologic 
changes and the severe dopaminergic 
loss on neurochemical examination of 
the nigrostriatal pathway in PSP."°""" 
Although presynaptic dopaminergic 
input almost certainly plays an impor- 
tant role in the parkinsonian manifesta- 
_tions in PSP, postsynaptic dopaminer- 
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gic receptors are also known to be 
affected in the disease process.”” Bar- 
on et al” have shown reduced tritiated 
spiperone binding in early and late cases 
of PSP. Similarly, a poor therapeutic 
response in all our patients early in the 
disease indirectly suggests early in- 
volvement of the postsynaptic dopamin- 
ergic nigrostriatal system. The parkin- 
sonism in patient 4, who had normal 
findings on PET and the shortest dura- 
tion of symptoms, further suggests that 
there may be postsynaptic dysfunction 
early in the disease. Alternatively, 
there could be a defect in dopa synthe- 
sis, which would not be detected by 
PET with 6-FD. 

We have found reduced 6-F'D uptake 
rate constants in early idiopathic par- 
kinsonism (unpublished data, 1985). In 
contrast, the uptake rate constant was 
normal in our patient with early parkin- 
sonism due to PSP. This suggests that 
there may be relatively minor presyn- 
aptie dopaminergic loss at the time of 
onset of symptoms in PSP. Since the 
mean interval from onset of symptoms 
to diagnosis of PSP is 3.9 years,” most 
patients already have established ni- 
grostriatal dopaminergic loss at the 
time of diagnosis. In such patients, clini- 
cal features may relate to combined pre- 
synaptic and postsynaptic dopaminer- 


References 


sequentially from the same target chamber. Int J 
Appl Radiat Isot. 1988;36:1203-1206. 

10. Adam MJ, Jivan S. Synthesis and purifica- 
tion of L-("F16- -fluorodopa. J Appl Radiat Isot. 
1988;39:1203-1206. 

11. Evans B, Harrop R, Heywood D, et al. Engi- 
neering development on the UBC-TRIUMF modi- 
fied PETT VI positron emission tomography. 
IEEE Trans Nucl Sci. 1983;NS-30:707-710. 

12. Rao SK, Calne DB. Studies with carbidopa 
(MK 486). In: Calne DB, ed. Advances in Neurol- 
ogy: Progress in the Treatment of Parkinsonism. 
New York, NY: Raven Press; 1973;3:73-77. 

13. Boyes BE, Cumming P, Martin WRW, 
McGeer EG. Determination of plasma [ F ]-6-fluor- 
odopa during positron emission tomography: elimi- 
nation and metabolism in carbidopa-treated sub- 
jects. Life Sci. 1986;39:2243-2252. 

14. Hoffman EJ, Phelps ME. Positron emission 
tomography: principles and quantitation. In: 
Phelps ME, Mazziotta JC, Schelbert HR, eds. Pos- 
itron Emission Tomography and Autoradiogra- 
phy. New York, NY : Raven Press; 1986:237-286. 

15. Schonfeld SM, Golbe LI, Sage JI, et al. Com- 
puted tomographic findings in progressive supra- 
nuclear palsy: correlation with clinical grade. Mov 
Disord. 1987;2:263-278. 

16. Leenders KL, Frackowiak SJ, Lees AJ. 
Steele-Richardson-Olszewski Syndrome: brain en- 
ergy metabolism, blood flow and fluorodopa uptake 
measured by positron emission tomography. 
Brain, 1988;111:615-630. 

17. Jellinger K, Riederer P, Tomonaga M. Pro- 
gressive supranuclear palsy: clincopathologieal and 
biochemical studies. J Neural Transm. 
1980;16:111-128. 





Progressive Supranuclear Palsy— Bhatt et al 








gie dysfunction. 

Along with the widespread choliner- 
gic deficit” and the reduced frontal lobe 
glucose utilization," depressed dopa- 
minergic input to the caudate nucleus 
has been implicated in the dementia of 
PSP.“ Our findings in patients 4 and 6, 
who had normal mental status and the 
least affected striatal 6-FD uptake 
(compared with the rest of the patients), 
are consistent with the concept that de- 
ficient dopaminergic input to the stria- 
tum may play a role in the dementia of 
PSP.“ 

Atypical clinical manifestations in pa- 
tients with PSP are well recognized.” A 
larger study combining careful clinical 
evaluation with presynaptic and post- 
synaptic PET studies of the nigrostria- 
tal pathway would help to elucidate the — 
pathophysiologic processes of PSP. 
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Idiopathic Intracranial Hypertension Without Papilledema 


John Marcelis, MD, Stephen D. Silberstein, MD 


è We describe 10 patients with idiopathic 
intracranial hypertension who did not have 
papilledema. Idiopathic intracranial hyper- 
tension without papilledema, although rarely 
reported, may well be a clinically important 
headache syndrome. Historical and demo- 
graphic features of patients with idiopathic 
intracranial hypertension without papille- 
dema are similar to those of patients with 
papilledema. Obese women with chronic dai- 
ly headache and symptoms of increased in- 
tracranial pressure, pulsatile tinnitus, histo- 
ty of head trauma or meningitis, an empty 
sella on imaging studies, or a headache that 
is unrelieved by standard therapy should 
have a diagnostic lumbar puncture. Findings 
from laboratory and neurologic investiga- 
tions are normal in most patients with idio- 
pathic intracranial hypertension without pa- 
pilledema. initial management should 
include removal of possible inciting agents, 
weight loss if applicable, and standard head- 
ache therapy. Lumbar puncture and diuretic 
therapy should precede a trial of corticoste- 
roids. Surgery (lumboperitoneal or ventricu- 
loperitoneal shunt or perhaps optic nerve 
sheath fenestration) may be indicated for 
prolonged incapacitating headache that is 
not responsive to medical management or 
lumbar puncture. 

(Arch Neurol. 1991 ;48:392-399) 


| diopathic intracranial hypertension 

(IIH), also known as pseudotumor 
cerebri or benign intracranial hyperten- 
sion, is characterized by headache, in- 
creased intracranial pressure, and pa- 
pilledema. In patients with this 
condition, results of the neurologic ex- 
amination are normal, except for an oc- 
casional sixth nerve palsy. Findings 
from neuroradiologic investigations are 
usually normal but may show small ven- 
tricles or an empty sella.“ Pseudotumor 
cerebri was originally described by 
Quincke’ in 1897, with bilateral papille- 
dema as the cardinal physical sign. 
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However, in 1972, Lipton and Michel- 
son” reported the first case of benign 
intracranial hypertension without pa- 
pilledema, and since 1972, several au- 
thors have reported ITH with unilater- 
al," asymmetric,” or no" papilledema. 

We describe a series of 10 patients 
with ITH who did not have papilledema. 


MATERIALS AND METHODS 


All 10 patients were referred for neurolog- 
ic evaluation of headache between 1977 and 
1990. We obtained histories directly from the 
patient and chart review. We emphasized the 
character, location, duration, frequency, and 
associated headache symptoms, and we re- 
viewed possible inciting conditions. ” 

All patients underwent complete general, 
neurologic, and ophthalmoscopic examina- 
tions. We recorded age, sex, weight, blood 
pressure, ophthalmoscopie findings, visual 
fields, and evidence of head trauma. Seven 
patients had endocrinologie consultation for 
obesity or menstrual irregularities. Labora- 
tory studies included an automated chemis- 
try profile, complete blood cell count with 
differential cell count, and tests for pro- 
thrombin time, partial thromboplastin time, 
erythrocyte sedimentation rate, antinuclear 
antibody, rheumatoid factor, and rapid plas- 
ma reagin. Endocrinologie laboratory stud- 
ies on seven patients included determina- 
tions of serum prolactin, follicle-stimulating 
hormone, luteinizing hormone, corticotro- 
pin, triiodothyronine (resin uptake) thyrox- 
ine, thyrotropin, and cortisol levels. Urine 
samples for 24-hour free cortisol, 17-hydrox- 
ysteroids, 17-ketosteroids, and 17-ketogenic 
steroids were obtained from five patients. 

All patients had a computed tomographic 
(CT) or magnetic resonance imaging (MRD 
sean of the head done, or both; all patients 
also had single or multiple lumbar punctures 
(LPs) done. All LPs were performed by the 
same operator (S.D.S.). 

The patient was positioned in the lateral 
decubitus position on a level surface, with the 
knees extended and neck and sagittal sinus 
on the same plane as the spinal canal. A No. 
18- or 20-gauge spinal needle was introduced 
at the L4-5 spinal level; the manometer was 
positioned at a 90° angle to the spinal canal. 
The opening pressure was recorded with the 
use of a standard manometer that was con- 
nected to the spinal needle by sterile tubing, 
with the patient relaxed and breathing 
easily. 


REPORT OF CASES 


Tables 1 and 2 give the histories, findings 
from physical examinations and other inves- 


tigations, and treatment and follow-up of pa- 
tients with ITH who did not have papille- 
dema. We report the following three 
illustrative cases regarding this condition. 

CASE 2.—A 40-year-old woman was origi- 
nally seen in 1989, with a 3-year history of 
daily headaches. These headaches were con- ™ 
tinuous, severe, and pounding; worse in the 
morning; usually localized to the right orbit 
and temple, but at times bilateral; and associ- 
ated with nausea, depression, and sleep dis- 
turbance. Her medical history revealed irri- 
table bowel syndrome and dysmenorrhea. 

On examination, the patient was obese (75 
kg, 155 em) and normotensive. Results of a 
neurologic examination were normal. Neuro- 
ophthalmologic examination demonstrated a 
visual aeuity of 20/30 OU and normal visual 
fields. Ophthalmoscopi¢ examination re- 
vealed no papilledema, a benign nevus, and 
spontaneous venous pulsations. A fluores- 
cein angiogram was normal. 

The opening pressure on LP was 330 mm of * 
cerebrospinal fluid (CSF). A CT sean and an 
MRI scan showed an empty sella with nor- 
mal-sized, but slightly asymmetric, ventri- 
cles. Results of routine laboratory and endo- 
crine studies, including determination of 
serum prolactin, luteinizing hormone, folli- 
cle-stimulating hormone, and urinary 17-hy- 
droxysteroid and 17-ketogenie steroid lev- 
els, were normal, The CSF composition, 
VDRL, and cultures were negative. 

Before our evaluation, treatment modal- 
ities included intravenous morphine sulfate 
drip, cyproheptadine hydrochloride, B-ad- 
renergic blockade, calcium channel blockade, 
tricyclic antidepressants, phenelzine sulfate, 
lithium carbonate, methylprednisolone ace- 
tate, phenytoin sodium, and biofeedback. 

At admission to Germantown Hospital,+ 
Philadelphia, Pa, the patient was being 
treated with meperidine hydrochloride, pro- 
pranolol hydrochloride, lithium carbonate, 
and clonazepam. She was detoxified from the 
narcotics. Lithium carbonate, which has 
been implicated in producing ITH, and B- 
adrenergic blockers were discontinued. 

Sequential treatment with dihydroergota- 
mine mesylate, steroids, and loop diuretics 
provided minimal relief. An LP relieved the 
patients headaches for 4 to 7 hours. In Octo- 
ber 1989, she had a ventriculoperitoneal 
shunt, which brought immediate headache 
relief. By January 1990, she had only occa- 
sional migraine headaches that were relieved 
with dihydroergotamine, and she returned 
to work (after being disabled for 2 years). 

CASE 3. — In December 1986, a 43-year-old,’ 
woman with a history of syncope, subarach- 
noid hemorrhage, cataracts, coronary artery 
disease, hypertension, and obesity was reex- 
amined for a 1-year history of daily headache. 
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The headache, noted on awakening, was bi- 

frontal, dull, and achy, and it associated with 

pulsatile tinnitus, dizziness, and sleep 
disturbance. 
The patient was originally admitted to 

4 Germantown Hospital in November 1979, 
with the acute onset of severe occipital head- 
ache and neck pain and stiffness. Subarach- 
noid hemorrhage was diagnosed. The CSF 
was grossly bloody. A CT scan and cerebral 
arteriogram were normal. She was treated 
with intravenous dexamethasone sodium 
phosphate and antihypertensive medication. 
Follow-up LPs showed clearing of CSF. Re- 
peated CT seans remained normal. She had 
no neurologie sequelae, except for daily 
headache. After discharge, the headaches 
were controlled with diuretics, B-adrenergic 
blockers, and tapering doses of steroids. Ste- 
roids were discontinued in June 1980. In Feb- 
ruary 1981, she had visual loss in the right 
eye from a dense cataract. 

In December 1986, examination disclosed 
a notable finding for obesity (104 kg, 160 em) 
and 2/6 systolic flow murmur. Results of neu- 
rologic examination were normal. Ophthal- 
mologic examination demonstrated a dense 
right cataract; visual acuity was 20/20 OS, 
with light perception in the right eye. Papil- 
ledema was absent; spontaneous venous pul- 
sations were present. A fluorescein angio- 
gram was normal. 

In December 1986, an LP showed an open- 
ing pressure of 270 mm of CSF. The CSF 
composition, cultures, and VDRL were nor- 
mal, except for a low protein level (0.13 g/L). 
Findings from routine and endocrinologic 
laboratory studies were normal, as were a 
CT scan and an electroencephalogram. 

Sequential use of B-adrenergie blockers, 
diuretic therapy, methylprednisolone, and 
serial LPs decreased the severity of head- 
ache. In March 1990, the patients LP 
showed an opening pressure of 260 mm of 
CSF. The headache was promptly relieved 
by LP, but recurred in weeks to months. 

CASE 10,—A 46-year-old woman was orig- 
inally seen at Germantown Hospital in May 
1986. Headaches, which she had had since 
the age of 6 years, had gradually increased in 
severity and frequency during the 3 years 
before examination. They occurred five to six 
times each week and lasted 3 to 4 hours. They 
were pulsating, located in the left orbit and 
temple, precipitated by sunlight, and associ- 
ated with nausea. In addition, she had contin- 
uous daily headaches, similar in location but 
less intense, which were present in the morn- 
ing. Her medical history was significant for 
hypothyroidism that required daily levoth- 
yroxine sodium supplementation (0.2 mg). 

At examination, the patient was obese 
(82.6 kg, 172.7 em), normotensive (150/84 
mm Hg), and clinically euthyroid. Results of 
a neurologic examination were normal. Oph- 
thalmologic examination revealed a visual 
acuity of 20/40 OU, normal visual fields, 
spontaneous venous pulsations, and no papil- 
ledema. A fluorescein angiogram was nor- 
mal. A CT sean and MRI sean of the head and 
__electroencephalogram were normal, 

‘e From 1986 through 1989, the patient was 
treated with oral ergotamine tartrate prepa- 
rations, calcium channel antagonists, tricy- 
clic antidepressants, monoamine oxidase in- 
hibitors, B-blockers, and nonsteroidal anti- 
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inflammatory agents. She was most recently 
treated with methylprednisolone, but her 
headache recurred when the dose was 
tapered. 

An LP was performed in March 1990. The 
opening pressure was 255 mm of CSF. The 
CSF composition, cultures, and VDRL were 
normal. Headache was completely and 
promptly relieved following LP. 

On follow-up, corticosteroids were discon- 
tinued, and diuretic therapy was started. 
The patient usually had headache-free peri- 
ods that lasted from 2 days to 2 weeks, witha 
repeated LP yielding immediate relief. 


RESULTS 


Ten patients with intracranial hyper- 
tension without papilledema were ex- 
amined from 1977 to 1990 (Tables 1 
through 3). 


Historical and Clinical Features 


All patients had chronic daily head- 
ache with migrainous features (Table 
3). The headache was bilateral in five of 
10 patients and pulsating in eight of 10. 
All 10 patients had severe, daily, contin- 
uous headaches; all headaches lasted for 
greater than 2 weeks. Four patients had 
pulsatile tinnitus. All patients had head- 
aches on awakening; nine of 10 had nau- 
sea or vomiting. Two patients had head- 
aches that worsened on coughing or on 
Valsalva’s maneuver. 

The mean duration of symptoms be- 
fore diagnosis was 76.2 months (range, 3 
to 252 months; median, 36 months). 
Three patients had a history of signifi- 
cant head trauma. One patient had had 
meningitis, and one patient had had a 
subarachnoid hemorrhage. Four pa- 
tients had controlled hypertension. Six 
of eight women had menstrual irregu- 
larities. Two patients were being treat- 
ed with thyroid hormone replacement 
for primary hypothyroidism. One wom- 
an was taking replacement estrogens 
(estrogen/progesterone cycled), and 
one woman was receiving chronic ste- 
roid therapy for Still's disease. 

The patients ranged in age from 26 to 
46 years (mean age, 37.5 years). Eight 
of the 10 patients were women. Eight 
patients were obese (>25% above ideal 
body weight) by Metropolitan Life In- 
surance Company tables of ideal weight 
for height.” Results of neurologic ex- 
aminations were normal in all patients 
(Table 1). 


Ocular Examinations 


All patients underwent formal oph- 
thalmologic examinations (Table 1). 
One patient had pseudopapilledema 
with buried drusen, and one patient had 
a benign retinal nevus. Findings from 
visual field studies were normal in all 
but two patients. One patient had a 


dense cataract with only light percep- 
tion in the affected eve, and one patient 
had a bilateral superior altitudinal field 
defect. None of the patients had papille- 
dema, exudates, hemorrhages, an en- 
larged blind spot, elevated intraocular 
pressure, or abnormal pupillary re- 
sponses. Spontaneous venous pulsa- 
tions were present in all but one patient. 
Fluorescein angiograms were normal in 
the seven patients who were tested. 


Laboratory Findings 


Findings from routine laboratory 
studies were normal for all patients; 
these studies included tests for anti- 
nuclear antibody, rheumatoid factor, 
erythrocyte sedimentation rate, and 
rapid plasma reagin. Also, findings 
from endocrinologic laboratory investi- 
gations for obesity or menstrual irregu- 
larities were normal in five of seven pa- 
tients who were studied. Two patients 
had a slightly elevated serum cortisol 
level, but it was appropriately sup- 
pressed with dexamethasone acetate, 
and corticotropin levels were normal. 

All patients underwent a CT or MRI 
scan of the head, or both. Seven had 
completely normal study results, Two 
patients had an empty sella, and one 
patient had symmetrically small ventri- 
cles. There was no evidence of an intra- 
cranial mass or hydrocephalus in any 
patient. 

The CSF composition was normal, 
except for three patients with de- 
creased CSF protein levels. The open- 
ing pressure on LP ranged from 230 to 
450 mm of CSF; only one nonobese pa- 
tient had an opening pressure less than 
250 mm of CSF. 


Treatment 


All patients received standard head- 
ache therapy, including ®-adrenergic 
antagonists, calcium channel antago- 
nists, narcotic and nonnarcotie analge- 
sia, enteral and parenteral ergotamine 
preparations, phenytoin, carbamaze- 
pine, fluoxetine, monoamine oxidase in- 
hibitors, tricyclic antidepressants, lith- 
ium carbonate, cyproheptadine, or 
oxygen therapy at some point in their 
treatment (Table 2). Partial or tempo- 
rary headache relief was attained; how- 
ever, recurrence was the rule. All pa- 
tients subsequently received trials of 
furosemide, acetazolamide sodium, or 
corticosteroids (dexamethasone/pred- 
nisone). 

Three patients required surgical in- 
tervention when medical therapy failed 
to relieve headache. Two patients had a 
ventriculoperitoneal shunt; the other 
patient had a lumboperitoneal shunt. 
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All operations successfully eliminated 
incapacitating headache. 


Follow-up 


Of the seven patients who were treat- 
ed with medical therapy and LP, one 
died, and six had intermittent severe 
headaches that required an LP and re- 
moval of CSF periodically to relieve 
symptoms (Table 2). 

Patients were followed up for 2 
months to 10 years. At subsequent ex- 
aminations, papilledema had not devel- 
oped in any of the patients. 

COMMENT 

Idiopathic intracranial hypertension 
without papilledema is rarely reported 
but may well be a clinically important 
syndrome. Our patients, except for the 
absence of papilledema, fit the following 
accepted criteria for IIH with papille- 
dema” (Table 4): 

1. Headache: Chronic tension-type 
headache with migrainous features is 
always present on awakening and asso- 
ciated with pulsatile tinnitus. 

2. Patients: They are predominantly 
obese women aged 20 to 50 years. 

3. History: Head trauma, meningitis, 
or subarachnoid hemorrhage are not 
uncommon. 

4. Examinations: Physical and neuro- 
logic examination results are within 
normal limits, except for obesity and 
mild hypertension. No papilledema is 
present, but there may be a sixth nerve 
palsy. 

5. LP: Lumbar puncture demon- 
strates increased CSF pressure with a 
normal composition (may show a de- 
creased protein level). 

6. Neuroradiology: The CT or MRI 
scans show no evidence of an intracrani- 
al mass or hydrocephalus (an empty 
sella may be present). 

The patients had an elevated CSF 
pressure and essentially a normal CSF 
composition. Neuroradiologic studies 
showed an empty sella in two patients 
and small ventricles in one patient. 
Neuro-ophthalmologie examinations 
revealed pseudopapilledema with bur- 
ied drusen in one patient. Along with 
ITH, chronic daily headache, female 
predominance, obesity, young age, nor- 
mal laboratory study findings, or an 
empty sella were common findings in 
our patients (Tables 5 through 8). "7 

Pulsatile tinnitus was present in four 
of our patients. In a prospective study 
(conducted in 1987), Sismanis” found 
pulsatile tinnitus in each of 20 patients 
with classic pseudotumor cerebri. Wall 
and George,” in 1989, prospectively 
found that 60% of a group of patients 
with ITH had pulsatile tinnitus. The 
mechanism for this is thought to be vas- 
cular pulsation in CSF secondary to in- 
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History 
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Patient/ Medical Medications irregular Head 
Age, y/Sex Conditions on Evatuationt Menses Trauma Meningitis 






































1/41/M HTN, SZ, SYN - NA Meningitis, beaten 
2/40/F IBS = + - 
3/43/F HTN, CAD, yk =~ +, SAH 

SYN 
4/33/F MVP, Depr = + - 
5/26/M - - NA - 

m 

6/35/F Sz = + +, MVA/fall 
7/33/F HTN BCPs + _ 
8/41/F HTN, Thyr, Levothyroxine + +, MVA/ fall 

Depr 
9/37/F Stils disease, Prednisone + = 

PUD 





10/46/F Thyr Prednisone 





The mean duration of symptoms be- 
fore diagnosis was 76.2 months (medi- 
an, 36 months) compared with 3 to 5 
months for patients with ITH." The pro- 
longed duration of symptoms may re- 
flect a delay in performing an LP in 
patients with normal findings from 
neuroradiologic investigations and ex- 
aminations. Our early patients had LPs + 
done to rule out subarachnoid hemor- 
rhage or meningitis following a change 
in the character or severity of their daily 
headache. Four patients had LPs per- 
formed after failure of maximal medical 
therapy. More recently, as a typical de- 
mographic and headache profile has 


tracranial hypertension that is trans- 
mitted to the walls of the venous 
sinuses.” 

There was a history of head trauma, 
meningitis, or subarachnoid hemor- 
rhage in four of our patients. In 1980, 
Spence et al” reported that seven of 
nine patients with benign intracranial 
hypertension without papilledema had a 
history of head trauma. Traumatic sub- 
arachnoid hemorrhage or meningeal ir- 
ritation with impairment of CSF flow 
might account for the elevated intracra- 
nial pressure in these patients. 

All of our patients had a chronic daily 
headache present on awakening; this 
headache was frequently aggravated by emerged, we have been performing LPs 
analgesic or narcotic overuse (Table 3). earlier in the course of the illness (Table 
The continuous chronic daily headache 10). 
was often associated with more severe, The headache of increased intracrani- 
intermittent, migrainous headaches. al pressure is poorly defined, probably a 
This might be a different variety of reflection of the many causes of in- 
transformed or evolutative migraine, creased intracranial pressure, such as 
perhaps induced by weight gain. The IH, hydrocephalus, intracranial infec- 
quality of the pain varied from a dull tions, and intracranial neoplasms. _ 
ache to sharp and throbbing; however, | Wall” recently described the headache* 
most patients had a pulsating headache profile of 58 patients with ITH (Table 4). 
associated with nausea and vomiting Severe, daily, throbbing, or pulsating 
(Table 9). pain associated with nausea, vomiting, 
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é Obesity Ophthalmologic Findings Lumbar Puncture 
(+), Generali and ————-_______-______— iiaaaaŘĖ— 
ht/wt BP, Neurologic Visual Fluorescein 
% > IBWł mm Hg Examination Fundi Fields Angiogram OP, HO Composition§ MRI/CT LABS| 
+, 56 170/110 WNL + SVP WNL ND 450 WNL WNL WNE 
+, 25 110/60 WNL Nevus WNL WNL 370 WNL Empty sella WNL 
f lateral ventricle 
asymmetry 
+, 49 150/80 WAL WNL L, WNL; WNL 270 CSF WNL WNL 
Ri, light Protein 
perception 0.13 g/L 
-= 90/60 WNL WNL WNL WNL 230 CSF Mild Increased 
Protein cortical cortisol 
0.18 g/L atrophy level 
- 134/80 WNL Buried WNL WNL 280 WNL WNL WNL 
drusen 
+, 100 114/82 WNL WNL WNL WNL 320 WNL Smail increased 
ventricles cortisol 
level 
+, 42 130/80 WNL WNL WNL ND 340 WNL Empty WNL 
sella 
+, 45 114/70 WNL WNL WNL WNL 310 WNL WNL WNL 
+, 31 124/90 WNL WNL Bilateral ND 370 WNL WNL WNL 
superior 
temporal field 
defect 
+, 24 150/84 WNL WNL WNL WNL 280 WNL WNL WNL 


“Plus sign indicates present; minus sign, no, none, or negative; ht/ wt, height / weight; IBW, ideal body weight; BP, blood pressure; LP, lumbar puncture; OP, opening 
pressure; MRI, magnetic resonance imaging; CT, computed tomography; LABS, laboratory studies; HTN, hypertension; SZ, seizure; SYN, syncope; NA, not applicable: 
WNL, within normal limits; SVP, spontaneous venous pulsations; ND, not done; IBS, irritable bowel syndrome; CAD, coronary artery disease; SAH, subarachnoid hem- 
orrhage; CSF, cerebrospinal fluid; MVP, mitral valve prolapse; Depr, depression; MVA, motor vehicle accident; BCPs, birth control pills; Thyr, hypothyroid; and PUD, peptic 
ulcer disease. All patients underwent ophtho /neuro-opthalmologic evaluations; no patient had papilledema. 

tMedications associated with elevated intracranial pressure. 

Percentage above IBW (% > IBW) with the use of the Metropolitan Age/Weight/Height tables." 

§Cerebrospinal fluid composition included cultures, VDRL, and determinations of protein and glucose values and cell counts. Only abnormal values are noted. 

|[Laboratory studies included a complete blood cell count with a differential cell count, automated chemistry profite, and determinations of erythrocyte sedimentation 
rate, antinuclear antibody, rheumatoid factor, and triiodothyronine (routine urinalysis), thyroxine, thyrotopin (thyroid-stimulating hormone), and corticotropin values, 


{Right dense cataract. 


and pulsatile tinnitus were common in 
his patients and in our series. Our pa- 
tients’ headache profile most closely ap- 
proximates the combination of migraine 
and chronic tension-type headache as 
defined by International Headache So- 
ciety classification.” 

The frequency of ITH is about one 
case per 100000 per year, or 19.3 in 
obese women aged 20 to 44 years.” Idio- 
pathic intracranial hypertension with- 
out papilledema probably occurs in a 
subset of these patients and therefore 
would be expected to occur less fre- 
quently than 19.3/100 000 in women 
aged 20 to 44 years.” Ten to fifty per- 
cent of patients with brain tumors and 
increased intracranial pressure, proved 
by LP, may not have papilledema.” A 
prospective analysis of patients with 
typical demographic and clinical fea- 
tures of ITH without papilledema may 
further define the incidence of this 
entity. 
ye Two of our patients had an empty 

sella as shown on a CT scan. Primary 

empty-sella syndrome is due to exten- 
sion of the subarachnoid space through 
an incompetent diaphragma sellae, and 
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increased intracranial pressure is 
thought to be a factor in its develop- 
ment. Papilledema is less frequent in 
patients with ITH with an empty sella. 
In the series of of Foley and Posner,” 
50% of patients with increased intracra- 
nial pressure and an empty sella did not 
have papilledema. Thus, patients with 
chronic daily headache and an empty 
sella may have increased intracranial 
pressure even without papilledema. 

The role of prolonged CSF pressure 
monitoring in diagnosis and manage- 
ment of ITH without papilledema is con- 
troversial. Twenty-four-hour CSF 
pressure monitoring was used in seven 
patients without papilledema to docu- 
ment abnormal pressure waves and in- 
creased intracranial pressure.” The 
greatest usefulness of this technique 
may be in monitoring selected patients 
whose CSF pressure by LP is normal or 
borderline elevated and who demon- 
strate headache relief after removal of 
CSF. 

There is absolutely no evidence that 
ITH without papilledema is a threat to 
vision.” All but two of our patients had 
normal visual acuity and visual fields. 


One patient had pseudopapilledema 
with buried drusen, and the other pa- 
tient had bilateral superior field de- 
fects. To our knowledge, these defects 
are nonspecific and not related to ITH. 
Ophthalmoscopic examinations done 
from 3 months to 21/2 years after a first 
visit have not shown papilledema. 

The presence of spontaneous retinal 
venous pulsations usually signifies nor- 
mal intracranial pressure. Walsh et al” 
found that the mean pressure for obli- 
terating spontaneous retinal venous 
pulsations was 200 mm of CSF. All but 
one of our patients had venous pulsa- 
tions despite elevated intracranial pres- 
sure. The mechanism, which prohibits 
the development of papilledema in our 
patients, may also prevent the loss of 
venous pulsations despite elevated CSF 
pressure. 

We believe that ITH should be consid- 
ered even in the absence of papilledema. 
Patients with chronic daily headache, 
even if complicated by analgesic re- 
bound, may benefit from LP early in the 
course of their illness. Increased intra- 
cranial pressure should be looked for, 
especially in women, 20 to 50 years, 
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Treatment 


Table 2.—Treatment and Follow-up" 


eee A tN, 


Medical 


p ep meenrmemtntnemnterttinntnteasent, 


Standard 
Patient Headache Therapy 


Steroids 
or Diuretics 


Surgery Outcome 


Recurrence mo 


Follow-up 
preamen nennen, 
Time, Neuro- Papil- 
logic ledema 





1 Propranolol, phenytoin 


Furosemide, hydrodiuril, 
acetazolamide 


None Temporary relief 


with LP 


1-2/mo 52t WNL None 





2 Propranolol, Furosemide 
dihydroergotamine, 

morphine sulfate, 

cyproheptadine, 

hydrodiural, tricyclic 
antidepressant, 

phenytoin, phenyizine 





Ventriculoperitoneal Relief 


shunt 10/89 


No 7 WNL None 





Propranolol Furosemide, 


Relief with LP 


acetazolamide, 


prednisone 





Dihydroergotamine, Furosemide 
calcium channel 

blocker 

(verapamil / 

nifedipine), 

fluoxetine, 

bromocryptine, 

depakote 


Relief with dihydro- 
ergotamine/ 
diuretic 





Calcium channel Furosemide, 
blocker 

(verapamil / 
nifedipine), 


dihydroergotamine 


acetazolamide, 
dexamethasone 


Lumboperitoneal 
shunt 


Pseudo- 
papilledema 








Phenytoin, fluoxetine Furosemide, 


dexamethasone 


Propranolol, fluoxetine Furosemide 


Propranolol, 
dihydroergotamine, 
methysergide, 
fluoxetine, calcium 
channel blocker 
(verapamil / 
nifedipine), 
phenytoin, phenyizine 


Dexamethasone 


Acetazolamide 


intermittent 
recurrent 
headache 

Temporary relief 
with LP 

Low-pressure 
headache relief 


None 





Ventriculoperitoneal 
shunt, 1/90 





Temporary relief 
with LP 





Tricyclic 
antidepressant, 
propranolol, 
phenyizine, fluoxetine 


Prednisone, furosemide 


Relief with LP and 
diuretic 





*LP indicates lumbar puncture; WNL, within normal limits. All LPs showed positive findings for all patients. 


tFollow-up until death. 


with obesity, pulsatile tinnitus, history 
of head trauma or meningitis, headache 
on awakening, presence of an empty 
sella in imaging studies, or headache 
that is unrelieved by standard therapy. 


Pathophysiology 


The pathophysiology of ITH is un- 
known. Postulated mechanisms include 
(1) an increased rate of CSF formation, 
(2) an increased intracranial venous 
pressure, (3) a decreased rate of CSF 
absorption, and (4) an increase in brain 
interstitial fluid (edema). Recent stud- 
ies have suggested that a decreased rate 
of absorption at the arachnoid villi and 
interstitial brain edema are the major 
contributors."" 

Many mechanisms have been postu- 
lated for the absence of papilledema in 
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patients with increased intracranial 
pressure as follows: (1) bilateral congen- 
ital optic nerve sheath defects; (2) bilat- 
eral acquired optic nerve sheath defects 
(subarachnoid hemorrhage, meningi- 
tis); (3) “chronic pseudotumor cerebri” 
with resolution of papilledema; and (4) 
intermittent elevation of intracranial 
pressure below the threshold to pro- 
duce papilledema. Bilateral congenital 
optic nerve sheath anomalies may ex- 
plain the absence of papilledema despite 
elevation of CSF pressure. The CT and 
MRI seans are normal; however, sensi- 
tivity and specificity of imaging in this 
setting is undetermined.*” Autopsy or 
surgical documentation of optic nerve 
sheath defects may be helpful in future 
investigations. 

Our three patients with head trauma 


and one patient with purulent bacterial 
meningitis may have had an acquired 
optic nerve sheath defect. In 1980, 
Spence et al" reported a series of nine 
patients with IIH without significant 
papilledema. Seven patients had had 
previous head trauma. Traumatic su- 
barachnoid hemorrhage or meningeal 
inflammation with impairment of CSF 
absorption (and secondary arachnoidi- 
tis) may account for the absence of papil- 
ledema in the patients described by 
Spence et al“ and us. 

Chronic pseudotumor cerebri may 
explain IHH without papilledema.””” 
Corbett et al,* in a follow-up study of 57 
patients throughout. a 5- to 41-year peri-* 
od, found persistent intracranial hyper- 
tension despite resolution of papille- 
dema in seven of 10 patients, and half of 
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Table 3.—Headache Profile* 


Associated Symptomst 

























































































































Frequency 
(Duration of Nausea/ Photophobia/ Pulsatile Vertigo/ 
Location Quality Headache) Vomiting Phonophobia Aura Tinnitus Dizziness 
Bilateral vertex Pulsating Daily continuous + ~ = aad + 
(3 mo) 
Unilateral R orbit Pulsating Daily continuous + - = ~ ~ 
Gy) 
Bilateral frontal Pressure Daily continuous - - - + + 
(3 y) 
Bilateral occipital Pressure Daily continuous + = + + + 
(3 y) 
Unilateral R sided Puisating Daily continuous + ~ - - - 
(2 wk) 
Bilateral occipital Pulsating Daily continuous + - + + + 
(3 mo) 
Unilateral L sided Pulsating Daily continuous + - - - ~- 
(6 mo) 
Bilateral occipital Pulsating Daily continuous + + _ + ~ 
vertex (1 y) 
Unilateral R frontal Pulsating Daily continuous + + - - + 
(3 d-wk) 
Unilateral L orbital Pulsating Daily continuous + + _ _ _ 
(3 y) 
Bilateral Pulsating Daily /continuous, Nausea / Phonophobia / Aura, Pulsatile Vertigo / 
5/10 8/10 10/10 vomiting, photophobia, 2/10 tinnitus, dizziness, 
9/10 3/10 4/10 5/10 























“Al 10 patients had headache in the morning. Plus sign indicates yes; minus sign, no; and numbers in virgule construction, number of 10 with the profile item. 


tNone had transient visual obscurations. 
















Source, y 
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Lipton and 
Michelson, °° Scanarini Spence et al,“ Foley and Wali,” Present 
Characteristic 1972 et al," 1979 1980 Posner,” 1975 1990 Study 
Headache present 1/1 17/1 9/9 1/4 58/63 10/10 
Location 
Unilateral 071 0/6 0/1 31/58 
Bilateral 1/1 6/6 1⁄1 27/58 5/10 
Quality 
Pulsating 171 2/5 48/50 8/10 
Pressure /ache 07/1 wos 3/5 nd Noted 2/10 
Severity, severe 1/1 1/1 5/6 1/1 54/58 10/10 
Duration, continuous vane 6/7 43/58 >1h 10/10 
Frequency, daily tti 6/7 43/58 10/10 
Associated symptoms 
Nausea / vomiting - ł/1 3/9 n: 33/58 9/10 
Photophobia / phonophobia ai = _ ~ aha 3/10 
Tinnitus = = = = 35/58 4/10 











Vertigo / Light-headedness 





* Data are given as number of patients. Minus sign indicates none. 


the patients had no characteristic fun- 
dus changes to suggest earlier papille- 
dema. The chronic HH postulate is sup- 
ported by the chronicity of symptoms 
and the resemblance of our patients to 
those with classic ITH. 

Intermittent elevation of intracranial 
pressure below the threshold needed to 
produce papilledema is another possibil- 
ity. All but one of our patients had a 

\persistent elevation of CSF pressure 
greater than 250 mm with serial LPs. 
The threshold pressure level needed to 
develop papilledema is unknown. We 
included a single case of a nonobese fe- 
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male with an opening pressure of 230 
mm H,0. 

The mechanism of headache in in- 
creased intracranial pressure is un- 
known. Pseudotumor cerebri, high- 
pressure hydrocephalus, intracranial 
infections, hemorrhages, or neoplasms 
may produce headache and elevated in- 
tracranial pressure. However, as docu- 
mented in patients with brain tumors, 
there can be headache without in- 
creased pressure. In a series of 72 pa- 
tients, headache occurred as often in 
those without elevated intracranial 
pressure (19 of 23) as in those with in- 







creased pressure (46 of 49)." Traction on 


intracerebral pain-sensitive vessels, 
transient herniation of hippocampal 
gyri, and traction on cranial/cervical 
nerves with increased CSF pressure 
are postulated mechanisms of headache 
development. Alternately, changes in 
CSF pressure or flow may stimulate or 
inhibit central nervous system recep- 
tors (ie, adenosine receptors) that pro- 
duce headache. 


Treatment Modalities 


The headache of patients with IIH 
and papilledema has frequently re- 
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sponded to standard headache treat- 
ment, including B-adrenergic blockers, 
calcium channel antagonists, antide- 
pressant therapy, monoamine oxidase 
inhibitors, anticonvulsant therapy, an- 
~algesics, and ergotamine preparations. 
More aggressive surgical treatment of 
ITH has been directed toward prevent- 


Table 5.—Demographics and 
Historical Findings * 


Characteristic 
Age range (average), y 
Sex, F 
No. of patients 
Hypertension 
Menstrual irregularities 
(women) 
Head trauma / meningitis / 
SAH 
Failure of standard 
headache therapy 10/10 


* SAH indicates subarachnoid hemorrhage. 


Table 6,—Physical Examination* 


Finding 


26-46 (37.5) 
8/10 





4/10 


6/8 


4/10 

















No. of 
Finding Patients 
General WNL 10/10 
examination 
Blood pressure WNL 10/10 
Neurologic WNL 10/10 
examination 
Weight Obese 8/10 
(24%- 100% 
>IBW) 


*WNL indicates within normal limits; IBW, ideal 
body weight. 


Table 7.—Ophthalmoscopic Examination* 


ing visual loss secondary to 
papilledema. 

Once the diagnosis of increased intra- 
cranial pressure is made, secondary 
causes should be sought out and elimi- 
nated. More than 50 diseases, condi- 
tions, toxins, or pharmaceuticals have 
been associated with ITH.” Obese pa- 
tients should be encouraged to lose 
weight. 

As in patients with classic ITH, pa- 
tients with elevated intracranial pres- 
sure without papilledema should have a 
trial of standard headache therapy that, 
in general, diminishes duration or se- 
verity of headache but does not prevent 
its recurrence. Treatment of patients 
with ITH without papilledema should 
include (1) elimination of symptomatic 
causes, (2) weight loss if the patient is 
obese, (8) standard headache treat- 
ment, (4) carbonic anhydrase inhibitors 
and loop diuretics, (5) short course of 
high-dose corticosteroids, (6) serial 
LPs, (7) lumboperitoneal or ventriculo- 
peritoneal shunts, and (8) possibly optic 
nerve sheath fenestration. These types 
of treatment are detailed further. 

If aggressive headache therapy is un- 
successful, then diuretics or a potent 
carbonic anhydrase inhibitor (acetazola- 
mide) should be given in a 4- to 6-week 
trial. These drugs have decreased the 
frequency and severity of elevated in- 
tracranial pressure headache.” 

The use of high-dose steroids (predni- 
sone or dexamethasone) is controver- 





No. of Patients 


Table 9.—Headache Profile 


Headache Characteristic 


sial, but may be effective.’ Rebound 
headache is common when steroids are 
withdrawn. Their prolonged use pro- 
duces many adverse side effects. If 
started, steroid therapy should be limit- 
ed to a strict, short, 2- to 4-week trial. 

Lumbar puncture typically relieves 
headache in IH." We removed 
enough CSF to decrease the intracrani- 
al pressure to 100 to 150 mm of CSF. 
Although all patients had immediate re- 
lief, headaches recurred in several days 
to several months. Cerebrospinal fluid 
is rapidly replaced. Prolonged symp- 
tomatic relief may reflect a persistent 
CSF leak. Alternately, transient reduc- 
tion of CSF pressure may allow decom- 
pression of the arachnoid villi, allowing 
for prolonged enhanced CSF absorp- 
tion. A repeated LP temporarily con- 
trols the headache of increased intracra- 
nial pressure. However, its long-term 
usefulness is controversial. 

A patient with severe incapacitating 
headache that does not respond to medi- 
cal therapy or repeated LPs may need 
surgical management. Subtemporal de- 
compression, lumboperitoneal shunt, 
ventriculoperitoneal shunt, and optic 
nerve sheath fenestration have been 
used to treat patients with ITH and pa- 
pilledema. "121 Subtemporal de- 
compression is complicated by seizure 
and stroke, and it has largely been re- 
placed with shunting procedures. In the 
report of HH without papilledema by 
Spence et al," six of nine of their pa- 





No. of Patients 





WNL 


9/10 (drusen, 1) 





Frequency 





Papilledema 








Venous pulsations 








Visual fields WNL 









Bilateral superior 
temporal field cut 








WNL. 


Visual acuity 








Light perception 





0/10 Daily / continuous 
Location 
23 Bitateral 
9/10 Unilateral! 
1/10 Quality 
Pulsating 
19/20 eyes Aching 
1/20 eyes Stila 





WNL 
* WNL indicates within normal limits. 


Fluorescein angiogram 





Study 





Table 8.— Investigations * 











7⁄7 
Nausea / vomiting 
Aura 


Pulsatile tinnitus 
Vertigo/ dizziness 





No. of Patients 





LP 













Present on awakening 
Associated symptoms 


Phonophobia / photophobia 


Transient visual obscuration 


Table 10.—Reasons for LP* 


Reason 


10/10 


5/10 (ventral, frontal, occipital) 
5/10 (R or L frontal, orbital) 


8/10 
2/10 


10/10 
10/10 


9/10 
3/10 
2/10 
4/10 
5/10 
0/10 





No. of Patients 




















Rule out SAH and failure of medical therapy 


3/10 
4/10 








Elevated Opening Range, 230-450; 10/10 
pressure, mm H,O average, 322 
Composition WAL 7/10 
Low protein content 3/10 Rule out SAH 
MRI ‘CT WNL. 6/10 ee 
Empty sella 2/10 Rule out meningitis 
Small ventricles 1/10 





Cortical atrophy 





*LP indicates lumbar puncture: WNL, within normai limits; MRI, magnetic res- 


onance imaging; and CT, computed tomography. 
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1/10 


Rule out meningitis and refractory headache 
Rule out pseudotumor cerebri 


Refractory headache’ fits profile of pseudotumor 








Total 
“LP indicates lumbar puncture: SAH, subarachnoid hemorrhage. 
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tients were treated successfully with a 
lumboperitoneal shunt. Shunting proce- 
dures resolved elevated intracranial 
pressure headache in three of our pa- 
tients; two patients had ventriculoperi- 
toneal shunts, and the other patient had 
a lumboperitoneal shunt. Our three pa- 
tients who required shunting proce- 
dures were severely incapacitated and 
unable to function before surgery. Two 
of these patients had postoperative LPs 
that showed normal CSF pressure at a 
time when they were free of headaches, 
and all three patients had significant 
improvement in their headaches. 

Optic nerve sheath fenestration en- 
tails surgical incision of the dura mater 
that covers the optic nerve. The pro- 
posed mechanism in patients with HH 
involves decompression of the optic 
nerve and continuous CSF drainage. In 
patients with papilledema and headache 
treated with optic nerve sheath fenes- 
tration, Corbett and coworkers” 
showed 65% efficacy in relieving medi- 
cally uncontrolled headache. In 1988, 
Sergott and colleagues,” with the use of 
a modified optic nerve sheath decom- 
pression procedure, relieved headache 
in 13 of 17 patients with IIH. Optic 
nerve sheath fenestration has been per- 
formed on patients with unilateral pa- 
pilledema but, to our knowledge, not on 
those patients with IIH without 
papilledema. 


Follow-up 


Patients with IIH without papille- 
dema should undergo periodie neurolog- 
ic follow-up. The neurologist should 
lower the intracranial pressure, control 
the headache, document changes in neu- 
rologic examination results, and en- 
courage weight loss. The neurologist 
also should look for papilledema at ev- 
ery visit, since persistently elevated 
CSF pressure may predispose these pa- 
tients to the development of papille- 
dema and visual loss. 

Neurologists, internists, and oph- 
thalmologists who are faced with cases 
of severe, persistent headache with nor- 
mal ophthalmoscopic examination re- 
sults and normal findings from neuro- 
imaging studies should rule out 
increased intracranial pressure. 


~ 


The authors would like to thank James C. Cor- 
bett, MD, for his encouragement and helpful 
suggestions. 
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Tuberous Sclerosis Complex in Olmsted County, Minnesota, 
1950-1989 


Charles W. Shepherd, MB, MRCP; C. Mary Beard, RN, MPH; Manuel R. Gomez, MD; 
Leonard T. Kurland, MD, DrPH; Jack P. Whisnant, MD 


è The incidence of tuberous sclerosis 
complex in Oimsted County, Minnesota, was 
0.28 per 100000 person-years from 1950 
through 1989, the point prevalence on De- 
cember 31, 1989, was 6.9 per 100000 per- 
sons, and the incidence at birth was 6.0 per 
100 000 live births. The incidence was 0.13 
per 100 000 person-years from 1950 through 
1974 and 0.46 per 100 000 person-years from 
1975 through 1989. The higher rate of diagno- 
sis during the later period is believed to be 
due to the use of computed tomography. Of 
the 12 patients considered in this study, one 
patient presented with seizures and severe 
intellectual disability, six patients presented 
with seizures, three patients presented with 
multiple facial angiofibroma, and two pa- 
tients were asymptomatic. 

(Arch Neurol. 1991;48:400-401) 


uberous sclerosis complex (TSC) is 
an autosomal dominant condition 
characterized by the presence of hamar- 
tomas and hamartias in one or more or- 
gans. Nearly any organ in the body can 
be affected. In the past, it was diag- 
nosed only when a patient had seizures, 
severe mental disability, and multiple 
facial angiofibroma. We now know that 
these clinical features are only the tip of 
the iceberg and that there is a great 
variety of phenotypes’ depending on the 
organ or organs affected. Since the in- 
troduction of computed tomography 
(CTY in 1973 and magnetic resonance 
imaging in 1982, it has been easier to 
detect subependymal nodules and corti- 
cal tubers, allowing earlier diagnosis of 
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the cerebral involvement by TSC. Like- 
wise, renal CT or ultrasonography may 
detect hamartomas and cysts. Detec- 
tion of these features has led to delinea- 
tion of the different phenotypes. 

In a study of the population of Roch- 
ester, Minn, Wiederholt et al’ found the 
incidence rate of TSC to be 0.56 per 
100000 person-years and the preva- 
lence rate to be 10.6 per 100 000 per- 
sons. From a study of all patients with 
TSC seen at the Mayo Clinic, Roches- 
er, Minn, the original study has been 
updated and expanded to ascertain the 
birth and total incidence rates for the 
period 1950 through 1989 and the preva- 
lence rate on December 31, 1989, in 
Olmsted County, Minnesota. 


PATIENTS AND METHODS 


All Olmsted County patients with a diag- 
nosis of TSC were identified from the central 
records of the Mayo Clinic and the Olmsted 
Medical Group, which provide almost all of 
the medical care for local residents.’ Patients 
were selected according to published crite- 
ria’ (Table). 

In addition to a review of all cases diag- 
nosed as TSC during the 40-year period, a 
search was made for other cases of TSC by 
reviewing the records of patients registered 
since 1982 who had a dismissal diagnosis in 
one of the following categories: benign reti- 
nal tumor, fibroma, benign renal tumor, 
polyeystic kidney disease, adenoma seba- 
ceum, myoclonic seizures, infantile spasms, 
angiofibroma, cerebral hamartoma, and be- 
nign cerebral astrocytoma. Review of 555 
records in this group yielded no additional 
cases, 

For inclusion in the incidence study, the 
patients had to be bona fide residents of Olm- 
sted County at the time of diagnosis. Any 
patient who had moved to Rochester to facili- 
tate diagnosis and treatment was excluded 
from the incidence and prevalence studies. 

Point prevalence was determined on De- 
cember 31, 1989. The incidence rate, which 
covered the period 1950 through 1989, and 


the prevalence rate were calculated by using 
the decennial census data for the denomina- 
tor. The 95% confidence intervals (CI) were 
based on the Poisson distribution." The inci- 
dence rates are presented for the 40-year 
period and also for 1950 through 1974 and 
1975 through 1989 to evaluate changes that 
may have occurred due to the introduction of 
CT in 1973 as a method of early diagnosis. 


RESULTS 


Twelve patients were considered in 
both the prevalence and the incidence 
studies. Two patients who resided in 
Olmsted County on the prevalence date 
were excluded from the incidence 
study, because their illness was diag- 
nosed before they became residents of 
the County. 

Ten patients (six male and four fe- 
male) were first diagnosed as having 
TSC while living in Olmsted County 
during the study period. The mean pa- 
tients’ age at diagnosis was 14.7 years 
(range, 2 months to 53 years). The age- 


adjusted incidence rates per 100000, 
person-years in the Rochester popula- 


tion with 95% CI were as follows: 1950 
through 1974, 0.18 (CI, — 0.02, 0.28), 
three cases; 1975 through 1989, 0.46 
(CI, 0.11, 0.80), seven cases; and 1950 
through 1989, 0.28 (CI, 0.01, 0.45), 10 
cases. 

The seven patients (four male and 
three female) with TSC, residing in 
Olmsted County (population of 101 974) 
on December 31, 1989, represent a 
prevalence rate of 6.9 per 100 000 per- 
sons (CI, 2.8, 14.4), Of the 66 478 chil- 
dren born to Rochester residents dur- 
ing 1950 through 1989, four were later 
found to have TSC, for a birth incidence 
of 6.0 per 100 000 live births. 

Two patients who had participated i in’ 
the previous study were excluded from 
this study. One of them, a child with 
TSC and severe mental disability, had 
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Criteria for Definitive Diagnosis of 
Tuberous Sclerosis * 









Cortical tubers (on CT or MRI) 
Subependymal glial nodules (on CT or MRI) 
Retinal hamartomas 

Facial angiofibromas 

Ungual fibroma 

Forehead or scalp fibrous plaque 

Renal angiomyolipomas 












*CT indicates computed tomography; MRI, mag- 
netic resonance imaging. 


been a resident in the Rochester State 
Hospital, but her condition was diag- 
nosed before she entered the County 
and she was no longer an Olmsted Coun- 
ty resident. The other had a diagnosis 
based-only on a facial angiofibroma, and 
anew review of the skin biopsy sections 
failed to confirm this diagnosis. 

In a family (Figure) with members 
who had TSC, four members (1-1, 1-2, 
I-1, and IL-2) were Olmsted County 
residents on the prevalence date. Two 
other members of this family known to 
be affected (II-2 and III-4) did not live in 
this county when diagnosed. One of the 
parents (generation I) must have TSC, 
because two of their children have it. 
The parents are both in good health, 
have no obvious stigmata of the condi- 
tion, and have never had seizures. The 
CT scan of patient I-2 shows calcified 
subependymal nodules; this patient had 
seizures as a child and has numerous 
hypomelanotic skin macules. Her son, 
HI-4, has many hypopigmented skin 
macules and had infantile spasms and 
partial seizures later; a magnetic reso- 
nance imaging of his head showed sub- 
cortical areas of increased signal in T2 
sequences, which suggests the presence 
of tubers. 

Of the nine other patients considered 
in either the prevalence or the incidence 
. Study, one boy (who died) had severe 
* intellectual disability and seizures. 
Four patients with seizures have an av- 
erage intellectual ability. In one of these 
patients, the diagnosis was based on the 
presence of multiple facial angiofibro- 
mas; in three other patients, who pre- 
sented with seizures, the diagnosis was 
made by CT. Computed tomography 

ras also used to make the diagnosis in 
the father of one of these patients, a 
resident of Olmsted County. The three 
remaining patients presented with fa- 
cial angiofibroma. 

Five of the seven patients who pre- 
sented in the 1975 through 1989 period 
were diagnosed by CT, 


5 l COMMENT 


The earliest studies to determine the 
frequency of TSC, done on patients in 
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E Affected Male Subjects 

O Unaffected Female Subjects 
O Unaffected Male Subjects 


Family pedigree of a family in Olmsted County, 
Minnesota, with members who had tuberous 
sclerosis complex. 


institutions for the mentally defective, 
suggested that the prevalence in the 
general population was about 1 per 
100000 persons.” Hunt and Linden- 
baum’ estimated the prevalence from 
source at 1:29 900 (3.3 per 100 000 per- 
sons) in the general population and at 
1:15 400 (6.7 per 100000 persons) 
among children under the age of 5 years. 
In an attempt at total ascertainment in 
the west of Scotland, Sampson et al" 
found a prevalence of 1:26 500 (3.8 per 
100 000 persons) in the population and 
1:12 000 (8.3 per 100000 persons) for 
children under the age of 12 years. Point 
prevalence of TSC in our study, 6.9 per 
100 000 persons, is very close to the re- 
sults found in other populations. It is 
lower than the previous estimate for 
Rochester, 10.6 per 100000 persons, 
but this difference is due to the exclu- 
sion of two of the patients included in 
the previous study.’ 

For the same reason, the overall inci- 
dence rate is lower in this study than in 
the previous one. Although based on a 
small number of cases and, therefore, 
very unstable, the incidence rate is 
higher in the more recent period. This 
may be due, in part, to the use of CT 
scan which allows an early diagnosis of 
TSC by detecting the subependymal 
nodules, and also reflects a better un- 
derstanding of the nature of the disease, 
which led to the diagnosis in two asymp- 
tomatic cases. Magnetic resonance im- 
aging helped to make the diagnosis in 
patient ITI-2, and it may be a useful way 
of detecting asymptomatic persons with 
TSC. 

The birth incidence of 1:16 619 is low- 
er, but not significantly, than is the 
prevalence rate in the general popula- 
tion of Olmsted County. It is possible 
that some affected persons who were 
born in Olmsted County had moved 
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from the community prior to diagnosis 
of TSC. The diagnosis of TSC may be 
made in young children who present. 
with infantile spasms" or other type of 
seizure, but the diagnosis may not be - 
made until adulthood if the presenting 
symptom is not seizures but is the result 
of renal, pulmonary, or other pathologic 
conditions. It is clear that, in the pre- 
sent state of knowledge, birth incidence 
as determined in this study is not the 
best method of estimating the true inei- 
dence of TSC. 

Of the 12 patients in our study, one 
patient had an intellectual disability and 
seven patients had seizures. In the larg- 
er study ofall patients seen with TSC at 
Mayo Clinic and which, therefore, is in- 
fluenced by referral bias, 48% had intel- 
lectual impairment and 78% had 
seizures.” 

Because of small numbers, the Olm- 
sted County study may not reflect accu- oe 
rately the number of patients that one 
would expect to find with an intellectual 
disability due to TSC, whereas the esti- 
mate of seizure prevalence in patients 
with TSC based on this study is more 
accurate. The small number of patients 
does not allow accurate estimation of 
the frequency of other pathologic condi- 
tions that are described in TSC. Howev- 
er, it does demonstrate that some cases 
of TSC are asymptomatic. Future popu- 
lation-based studies of TSC should in- 
clude investigation of members of the 
families of those known to have TSC. to 
provide a better estimate of disease 
frequency. 
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Standard and Controlled-Release Levodopa/Carbidopa 
in Patients With Fluctuating Parkinson’s Disease 
on a Protein Redistribution Diet 


A Preliminary Report 


Patricia J. Karstaedt, MD; Jonathan H. Pincus, MD; Steven S. Coughlin, PhD 


cooo Ten. patients with Parkinson’s disease 
ii (PD) with motor fluctuations that responded 
‘toʻa protein redistribution diet were studied. 
Alt 10 patients were receiving standard Sine- 
-met (levodopa/carbidopa). Five randomly se- 
|» lected patients were changed from standard 
“Sinemet to a controlled-release form of Sine- 
met. The other five patients continued to re- 
ceive standard Sinemet. To maintain the 
same degree of control of PD in the five pa- 
tients switched to the controiled-release 
form of Sinemet, the daily levodopa intake 
increased. While receiving optimal therapy 
(standard Sinemet or controlled-release Sin- 
emet) and a protein redistribution diet, all 10 
patients then underwent hourly videotaping 
and blood sampling (for plasma levodopa 


M otor fluctuations and unpredictable 

periods of levodopa unresponsive- 
ness associated with dopamine replace- 
ment therapy can be difficult to control 
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levels) during 2 consecutive days. Video- 
tapes were blindly reviewed for PD disability, 
dyskinesia, and the time required to walk a 
measured distance. Comparing the two 
groups, standard Sinemet with controlled- 
release Sinemet, respectively, mean levo- 
dopa requirements were 505 and 1895 mg, 
plasma levodopa levels were 6.1 and 17.6 
pmol/L, and abnormal involuntary move- 
ment scale scores were 14 and 26. Their 
mean PD disability scores did not differ sta- 
tistically or clinically. Also no statistically 
significant differences were noted in either 
their mean walking times or their mean daily 
dose frequencies. 
(Arch Neurol. 1991 ;48:402-405) 


and are a major problem in the long- 
term management of advanced Parkin- 
sons disease (PD). Pharmacokinetic 
factors play a significant role in the de- 
terioration of efficacy of levodopa.’ To 
reach the central nervous system, plas- 
ma levodopa must cross the blood-brain 
barrier by a carrier-mediated mecha- 
nism. Large neutral amino acids com- 
pete with levodopa for this carrier. By 
simply eliminating daytime protein 
with a protein redistribution diet 
(PRD), sensitivity to levodopa (stan- 
dard Sinemet) in many patients with 
fluctuating PD can be restored." 
Patients with severe PD can have de- 


pletion of more than 95% of brain dopa- 
mine stores.” In such cases, successful 
replacement therapy would, therefore, 
depend on the constant and continuous 
availability of levodopa. Several studies 
have reported that fluctuations can be 
eliminated by using continuous intrave- 
nous*”” and intraintestinal” levodopa 
infusions. The development of con- 
trolled-release dopaminergic prepara- 
tions for oral administration has been 
encouraged by this successful, though 
usually impractical, use of continuous 
levodopa infusions. 

One controlled-release form of Sine- 


met (Sinemet CR4, Merck & Co Ine, * 


West Point, Pa) contains 50 mg of carbi- 
dopa and 200 mg of levodopa and is for- 
mulated in a slow-eroding matrix to al- 
low for the gradual release of its 
contents. This formulation is designed 
to permit a more prolonged absorption 
of both ingredients resulting in the elim- 
ination of the sharp plasma levodopa 
peaks associated with standard Sine- 
met, while yielding higher end-of-dose 
plasma levels during long-term thera- 
py.” Thus, peak antiparkinsonian effect 
is expected to occur later and last longer 
with the controlled-release prepara- 
tion.” It may be most effectively used 
by patients requiring frequent dosing y 
among whom are many with motor’ 
fluctuations. 

Results from the use of this trial prep- 
aration are encouraging, but controlled- 
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released Sinemet has not been system- 
atically compared with standard 
Sinemet in patients who are receiving a 
PRD. This preliminary report contrasts 
the effectiveness of these preparations 
in 10 patients receiving optimal therapy 
and a PRD. Optimal therapy was con- 
sidered to be that dose and frequency of 
dose of drug (standard Sinemet or 
controlled-release Sinemet) that pro- 
vided maximal relief of parkinsonian 
symptoms. 


PATIENTS AND METHODS 


Ten patients with moderate PD (Hoehn 
and Yahr stages 3 and 4), mean age of 64.7 
years (range, 45 to 74 years), mean duration 
of disease of 10.7 years (range, 2 to 29 years), 
and:mean duration of motor fluctuations of 
3.4 years (range, 6 months to 9 years) that 
responded to and have been maintained on a 
PRD for a mean duration of 13.4 months 
(range, 5 to 24 months) were studied. All the 
patients were receiving optimal standard 
Sinemet therapy at the outset. To obtain 
optimal control of symptoms, four of the 10 
patients were receiving adjuvant anti-PD 
therapy. These four patients did not differ 
from the other patients with repect to age at 
onset of PD, duration or severity of disease, 
or total daily dose and frequency of dose of 
levodopa. Their adjuvant therapy was un- 
changed during the course of the study. 

Baseline outpatient clinical assessments 
(one per patient) were obtained on all pa- 
tients. These included a PD disability score 
using the New York University (NYU) Dis- 
ability Scale,” a dyskinesia score using the 
Abnormal Involuntary Movement Scale 
(AIMS),” and the time (in seconds) required 
to walk a measured distance, turn 180°, and 
return to the starting point. 

Five patients, randomly selected, contin- 
ued to receive standard Sinemet therapy 
(group 1) and the remaining five were 
changed to a regimen of controlled-release 
Sinemet therapy (group 2). No statistically 
significant differences were noted in age 
(65.8 and 63.6 years), duration of disease 
(14.6 and 10.6 years), NYU disability score 
(26.0 and 22.6), walking time (9 and 11 sec- 
onds), duration of fluetuations (4.1 and 2.7 
years), or duration on the PRD (10.2 and 16.6 
months) between the two groups (group 1 
and group 2, respectively) at baseline. How- 
ever, prior to being switched to controlled- 
release Sinemet, group 2 required a mean 
total standard Sinemet dose of 1165 mg, 
which was significantly greater (P<.05) than 
that required by group 1 (505 mg). Group 2 
also required more daily standard Sinemet 
doses than group 1 (11.2 as compared with 
6.0), although this difference was not statisti- 
cally significant. In addition, three of the four 
patients maintained on a regimen of adjuvant 
therapy were randomized to group 1 and the 
fourth was randomized to group 2. 

Once the controlled-release Sinemet dose 
and dosing frequency in the group 2 patients 

Y were optimized, a process that took 7 to 15 

months (meant SD, 11.4+3.6 months), a 

second outpatient clinical assessment was 

made of each of these five patients. The clini- 
eal scores, dose of levodopa, and frequency of 
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Table 1.—Patients With Fluctuating PD on PRD: Comparison Between Standard 
Sinemet and Controlled-Release Sinemet in Five Patients Switched 

From Standard Sinemet to Controlled-Release Sinemet (Group 2) (Dosage Adjusted 

to Produce Optimal NYU Disability Score)* 


Standard 














Controlied-Release Paired 





































































Factort Sinemet Sinemet t Test 
NYU scoret 10.4 + 3.4 14.4 + 5.1 NS 
AIMS scoret 8.3 +4.14 26.2 + 5.1 P< 05 
Walking time, sł 12.8 + 2.9 10.6 + 2.5 NS 
Total levodopa dose, mg/24 h 1165 + 224 1895 + 491 NS 
Total levodopa dose, mg/24 h 
in = 4)§ 1366 + 151 2294 + 371 P< .05 
No. of levodopa doses per 24h 11.2 + 2.7 7.6 + 1.2 NS 
No. of levodopa doses per 24 h 
(n = 4)§ 13+ 2.6 88+ 0.5 NS 






* PD indicates Parkinson's disease; PRD, protein redistribution diet; NYU, New York University; AIMS, abnor- 
mal involuntary movement scaie; and NS, not significant. 

tValues are means + SE. 

Represents one data point per patient. 

§Excluding the patient who had a reduction in levodopa dose when changed from standard Sinemet to con- 
trolled-release Sinemet. 








Factort 





Table 2.—Ten Patients With Fluctuating PD on PRD: Five Receiving Standard Sinemet 
and Five Receiving Controlled-Release Sinemet (Dosage Adjusted 
to Produce Optimal NYU Disability Score) * 


Standard Sinemet 
(Group 1) 


NYU scoret 22.6 + 1.6 22.2 + 1.0 NS 
AIMS scoret 14.0 + 1.7 26.0 + 1.8 P< 05 
Walking time, sł 17.2 + 2.8 13.1 + 0.4 NS 
Total levodopa dose, mg/24 h 505 + 69 1895 + 491 P< .05 
No. of levodopa doses per 24 h 6.0 + 0.5 7.6 + 1.2 NS 
Plasma levodopa level, umol/Lt 6.1 + 0.8 17.6 + 3.4 P <.01 
Hours ‘'on’’/8 h 5.6 + 0.8 6.6 + 0.7 NS 













Controlled-Release 
Sinemet 
(Group 2) 





Student's 
t Test 




















* PD indicates Parkinson's disease; PRD, protein redistribution diet; NYU, New York University; AIMS, abnor- $ i 


mal involuntary movement scale; and NS, not significant. 


tValues are mean + SE. 


Represents eight data points per day, per patient, over a 2-day period. 


levodopa administration obtained on these 
five group 2 patients when they were receiv- 
ing optimal standard Sinemet therapy were 
compared with the corresponding values ob- 
tained when they were switched to optimal 
controlled-release Sinemet therapy using 
the paired ł test (Table 1). 

The two groups were then further studied. 
All 10 patients (five receiving standard Sine- 
met and five receiving controlled-release 
Sinemet) underwent hourly videotaping of a 
standardized motor examination and blood 
sampling (for plasma levodopaa levels) from 
9 AM to 4 PM on 2 consecutive days. Video- 
tapes were separately reviewed and scored 
by a masked observer using the NYU scale, 
the AIMS, and the time (in seconds) to walk a 
measured distance. The number of “on” 
hours was also estimated from the video- 
tapes. On time was regarded as that period 
that the patient was normal or mildly dyskin- 
etic as opposed to “off” time in which the 
patient demonstrated signs of parkinsonism 
Ge, immobility, rigidity, and/or tremor). 
Seores obtained by patients in the two 
groups (standard Sinemet and controlled-re- 
lease Sinemet) were compared using the Stu- 
dent's ¢ test. Total daily levodopa dose and 


number of doses required by each group 
were also compared (Table 2). 

One patient from group 2 then underwent 
hourly videotaping and blood sampling, from 
10 AM to 4 PM as previously outlined, while 
receiving optimal controlled-release Sinemet. 
therapy 1 day and then, after being restarted 
on a regimen of standard Sinemet, receiving 
optimal standard Sinemet therapy 3 days lat- 
er. Scores obtained on each day were com- 
pared using the paired ¢ test (Table 3). 


RESULTS 


To maintain the same degree of con- 
trol of PD in the five patients changed 
from standard Sinemet to controlled- 
release Sinemet therapy, the mean dai- 
ly levodopa intake increased significant- 
ly in four patients from 1356 to 2294 mg 
(P<.05) and decreased in the fifth pa- 
tient from 400 to 300 mg while receiving 
standard Sinemet and controlled-re- 
lease Sinemet therapy, respectively 
(Table 1). Overall, the mean daily dose 
increased from 1165 to 1895 mg, but this 
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was not statistically significant (Table 
1). The mean number of daily doses, 
comparing the five patients switched 
from standard Sinemet to controlled- 
release Sinemet therapy were 11.2 with 
standard Sinemet and 7.6 with con- 
trolled-release Sinemet (not statistical- 
ly different). 

Comparing the two groups, standard 
Sinemet with controlled-release Sine- 
met, respectively (Table 2), mean levo- 
dopa requirements were 505 and 
1895 mg (P<.05), Plasma levodopa lev- 
els were 6.1 and 17.6 pmol/L (P<.01), 
AIMS scores were 14.0 and 26.0 
(P<.05), and walking times were 17.2 
seconds and 13.1 seconds (not signifi- 
cant). The PD disability scores were 
22.6 and 22.2, respectively (not signifi- 
cant). Also no significant difference was 
noted in the daily dose frequency (6.0 
and 7.6, respectively) or number of on 
hours per 8 hours of testing (5.6 and 6.6, 
respectively) between the two groups. 

The results of the videotaping and 
blood sampling of the one patient from 
group 2 who was restarted on a regimen 
of standard Sinemet therapy are shown 
in the Figure. The total daily levodopa 
dose required by this patient dropped 
from 2800 (with controlled-release Sine- 
met) to 1600 mg (with standard Sine- 
met), total daily doses increased from 
eight (with controlled-release Sinemet) 
to 13 (with standard Sinemet), and 
mean plasma levodopa level dropped 
from 18.6 (with controlled-release Sine- 
met) to 8.4 pmol/L (with standard Sine- 
met). The patients average PD disabil- 
ity score, dyskinesia score, and walking 
time were similar on the 2 days of test- 
ing (Table 3). 


COMMENT 


The much higher doses of levodopa 
necessitated by the controlled-release 
form of Sinemet were consequent to the 
formatting of the pill that contains 
50 mg of carbidopa and 200 mg of levo- 
dopa. Higher dopa intake resulted in 
higher dopa blood levels and more dys- 
kinesia, although PD disability scores 
and walking times were not significant- 
ly improved beyond the levels provided 
by standard Sinemet. 

Raising blood dopa levels from mod- 
erate to high has been reported to cause 
dyskinesia without improving PD 
symptoms.”” Controlled-release Sine- 
met did not permit a statistically signifi- 
cant reduction in the frequency of dos- 
ing, although some reduction in 
frequency did occur. 

The main reasons for using con- 
trolled-release Sinemet, as opposed to 
standard Sinemet, in patients with fluc- 
tuating PD would be to lower the dose 
frequency requirements and to increase 
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Table 3.—Comparison Between Controlled-Release Sinemet and Standard Sinemet in 
One Patient* Switched Back to Standard Sinemet From Controlled-Release Sinemet 
(Dosage Adjusted to Produce Optimal NYU Disability Score)t 


Controlied-Release 
Sinemet 


Factor 


Standard Paired 
Sinemet t Test 





NYU score} 13.0 + 


0.6 13.0 + 0.3 NS 





AIMS: scoret 53.7 


9.8 §1.6 + 10.1 NS 





Walking time, st ra d 


= 0.8 





Hours ‘on’ /7 h 





Total levodopa dose, mg/24 h 





i No. of levodopa doses per 24 h 





Plasma levodopa level, umol/L4 





*The one patient from group 2 who was restarted on a regimen of standard Sinemet. 
tNYU indicates New York University; AIMS, abnormal involuntary movement scale; and NS, not significant. 
Represents seven data points over a 1-day period. Values are mean + SE. 


NYU Score 
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3 4 10 11 


o ner i a a a 


S S 


J O 
* * * * 

12 1 2 3 4 

Standard Sinemet 


Analysis of response of patient receiving controlled-release Sinemet and then receiving standard 
Sinemet therapy. X axis indicates time of day (from 10 AM to 4 PM); asterisk, time of administration 
of Sinemet (standard or controlied release); NYU, New York University, and AIMS, abnormal 


involuntary movement scale. 


on time while decreasing off time. In 
this regard, according to these prelimi- 
nary data, controlled-release Sinemet 
was not particularly effective. 

Although the patients were randomly 
allocated to treatment group, the small 
sample size resulted in a disparity in the 
baseline standard Sinemet require- 
ments between group 1 and group 2. 
This may indicate that those patients in 
group 2 had more severe PD than their 


group 1 counterparts. However, no sta- 
tistically significant differences were 
noted between the groups at baseline in 
age, duration of disease, NYU disabil- 
ity score, walking time, duration of mo- 
tor fluctuations, or duration on the 
PRD. Furthermore, the additional data x 
obtained on the one patient from group 2 
who was restarted on a regimen of stan- 
dard Sinemet therapy and then reas- 
sessed serves to support our prelimi- 
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` tions 





nary conclusions. 

Others have found some effectiveness 
of controlled-release Sinemet in pa- 
tients with fluctuating PD but did not 
simultaneously use the PRD. As the 
diet facilitates the central uptake of le- 
vodopa per se, its influence on both 
forms of Sinemet (standard and con- 
trolled release) would be the same, irre- 
spective of their peripheral pharmaco- 
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kinetic properties. However, the 
resultant improvement in the efficacy of 
standard Sinemet therapy is so dramat- 
ic’ that, under conditions of daytime 
restriction of protein, treatment with 
controlled-release Sinemet does not 
seem to confer any further advantage. 
Further intrapatient trials of standard 
Sinemet and controlled-release Sinemet 
therapy, in conjunction with the PRD, 
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Pneumocystis carinii Pneumonia in Patients With 
Primary Brain Tumors 


Jobn W. Henson, MD; Jai K. Jalaj, MD; Russell W. Walker, MD; 


Diane E. Stover, MD; Anna 0. S. Fels, MD 


o Ail histologically documented episodes 
of Pneumocystis carinii pneumonia in adult 
patients with primary brain tumors treated at 
<:> Memorial Sloan-Kettering Cancer Center, 

: New York, NY, since 1981, were retrospec- 
tively reviewed. Pneumocystis carinii pneu- 
monia was histologically documented 11 
times in 10 patients. During the same 8-year 
interval, approximately 587 adults were seen 
at the center for a brain tumor, 90% of whom 
received ongoing therapy. Therefore, in at 
least 1.7% (10/587) of our patients with brain 
tumors, P carinii pneumonia developed. The 
median duration of dexamethasone therapy 
at the onset of P carinii pneumonia symp- 
toms was 2.75 months. Symptoms began 
-during tapering of steroid therapy in eight 
episodes. Bronchoscopy was diagnostic in 
= the eight cases in which it was performed. 
Four episodes (40%) were fatal. Trimetho- 
prim-sulfamethoxazole prophylaxis may be 
» Indicated in some patients with brain tumors, 

especially during tapering of steroid therapy. 
(Arch Neurol. 1991 ;48:406-409) 


newmocystis carinii is one of the 
most common opportunistic patho- 
» gens that causes pneumonitis in immun- 
“ocompromised patients. There are a va- 
riety of predisposing immunodeficiency 
- states, including hematologic malignant 
neoplasms.’” In contrast, P carinii 
pneumonia (PCP) is rare in patients 
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with solid tumors but may occur in these 
patients in the setting of corticosteroid 
therapy.'*" Patients with primary brain 
tumors often receive high doses of corti- 
costeroids for prolonged periods, in- 
creasing the risk of opportunistic infec- 
tions. To assess the magnitude of this 
problem in our patients with brain tu- 
mors, we reviewed all cases of PCP in 
patients with primary brain tumors 
treated at Memorial Sloan-Kettering 
Cancer Center (MSKCC), New York, 
NY. We determined the percentage of 
patients with brain tumors in whom 
PCP developed, the relationship of 
dexamethasone therapy to PCP, and 
the clinical features of PCP in this group 
of patients. 


PATIENTS AND METHODS 


The medical records of all adult patients 
treated at MSKCC since 1981 for a primary 
brain tumor and a histologically documented 
PCP diagnosis were reviewed. Cases were 
identified from the Memorial Hospital Data 
Analysis computerized database (containing 
diagnoses from clinic records of patients re- 
ceiving their treatment at MSKCC, hospital 
discharge summaries, and autopsy reports) 
and from bronchoscopy records. To deter- 
mine the size of the group at risk for PCP, we 
used the data analysis database to ascertain 
the total number of adults (aged 220 years) 
treated for a primary brain tumor from 1981 
to 1989. Because pediatric patients with 
brain tumors at MSKCC are routinely treat- 
ed with prophylactic trimethoprim-sulfa- 
methoxazole during prolonged steroid thera- 
py, we excluded all patients so treated from 
the group at risk by counting only patients 
who were at least 20 years old. To be certain 
that this database contained only patients 
who had ongoing therapy at MSKCC, 40 pa- 
tients with a diagnosis of glioblastoma multi- 
forme were selected from the group at risk 


for PCP and their records were reviewed for 
treatment and duration of follow-up. 

In patients who underwent diagnostic 
bronchoscopy, bronchial washings and bron- 
choalveolar lavage were processed for bacte- 
rial, fungal, and mycobacterial staining and 
culture as previously described.” Cytologie 
examination was performed on bronchial 
brushings, washings, and lavage fluids using 
Papanicolaou and Gram-Weigert stains.’ 
Gram-Weigert, Ziehl-Neelsen, and silver me- 
thenamine stains were performed on the 
transbronchial biopsy specimens in addition 
to the usual pathologic examination. All lung 
specimens were extensively examined and 
cultured, and their pathologie findings re- 
viewed. Pneumocystis carinii pneumonia 
was diagnosed by the demonstration of cysts 
in bronchial fluid or lung tissue. 


RESULTS 
Patients With PCP 


There were 11 histologically docu- 
mented episodes of PCP in 10 patients 
with primary brain tumors between 
1981 and 1989. The cases were distribut- 
ed during this period as outlined in Table 
1. Concurrently, 587 adult patients be- 
gan treatment for a primary brain tu- 
mor at MSKCC. Approximately 90% of 
these 587 had follow-up adequate to 
identify episodes of PCP (see the follow- 
ing data). Therefore, during the last 8 
years, PCP developed in at least 1.7%:of 
our adult patients with brain tumors. 

There were two patients with clinical- 
ly suspected, but unconfirmed episodes, 
of PCP and two confirmed episodes in 
two patients with primary central ner- 
vous system lymphoma who were ex- _. 
cluded from analysis. Of the remaining - 
10, six patients were men and four were 
women; their median age was 45 years; 
and all were white. The tumors were 
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glioblastoma multiforme (five), anaplas- 
tic astrocytoma (three), brain-stem gli- 
oma (one), and medulloblastoma (epi- 
sodes at the ages of 26 and 29 years 
occurred in this patient), The brain tu- 
mor was in the posterior fossa in six of 
the patients (medulloblastoma, brain- 
stem glioma, midbrain and thalamic 
glioblastoma, multifocal anaplastic as- 
trocytoma, cerebellar anaplastic astro- 
eytoma, and cervicomedullary junction 
anaplastic astrocytoma). 

The interval from the time of tumor 
diagnosis to the time of diagnosis of PCP 
ranged from 3 weeks to 9 years, with a 
median of 8 months. Nine tumors were 
newly diagnosed and two were recur- 
rent, one at 3 years and one at 8.5 years 

_ from the original tumor diagnosis. The 
„patient with two episodes of PCP suf- 
fered the second episode during a recur- 
rence 3 years following the original 
diagnosis. 

All patients had received cranial irra- 
diation. Single-agent or combination 
chemotherapy had been administered 
before the development of PCP in seven 
episodes (Table 1), including a nitro- 
sourea (lomustine, PCNU [1-(2-chlor- 
oethyl)-3-(2,6 dioxo-3-piperadyl)-1-ni- 
trosurea], or carmustine), procarbazine 
hydrochloride, vincristine sulfate, fluo- 
rouracil, hydroxyurea, mechloretha- 
mine hydrochloride, and misonidazole. 
None of the five patients who received a 
nitrosourea had documented pulmonary 
toxic reaction from the agent. None of 
the patients had an identified human 
immunodeficiency virus risk factor oth- 
er than one patient, who had had a blood 
transfusion between the first and sec- 
ond episodes of PCP. One patient had 
received trimethoprim-sulfamethoxa- 
zole for a urinary tract infection 3 
months before the diagnosis of PCP. 

All of the patients with PCP were re- 
ceiving dexamethasone (Table 1). The 
duration of steroid therapy before the 
onset of PCP symptoms ranged from 5 
weeks to 9.5 months (median, 2.75 
months). The onset of symptoms in eight 
of the 11 episodes occurred while dexa- 
methasone therapy was being tapered. 
The interval from the initiation of the 
tapering of steroid therapy to onset of 
PCP symptoms in these eight ranged 
from 1 to 63 days (median, 12 days). At 
the time of diagnosis of PCP, daily dexa- 
methasone dose ranged from 2 to 60 mg. 

Table 2 summarizes the clinical pre- 
sentations of the 11 episodes of PCP. At 
the time of diagnosis of PCP, pulmonary 
symptoms had been present from 1 to 30 
«days (median, 7 days). The most com- 
‘mon presenting symptoms were dys- 

phea in eight cases and a nonproductive 
cough in seven, Fever was present in six 
of the episodes. In nine episodes in 
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Table 1.—Relationship of Steroid Therapy and Chemotherapy to PCP* 
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are listed. 


Maximum Dexamethasone Dexamethasone Dexamethasone 
Dosage of Therapy Before Taper Before Dosage at 
Episode Dexamethesone, Symptoms of Symptoms of Diagnosis of 
fy) mg/d PCP, mo PCP, d PCP, mg/d Chemotherapy 
1 (1982) 32 1.5 esT. 8 Carmustine, 
hydroxy- 
urea 
2 (1982) 24 2.5 63 2 Lomustine, 
fluorouracil, 
misonidazole 
3 (1983) 28 1.5 t 20 None 
4 (1983) 92 2.25 5 24 None 
5 (1984) 24 9.5 21 12 PCNU 
6 (1985) 32 3.0 17 12 Fluorouracil 
7 (1986) 100 1.25 11 4 Mechlorethamine 
hydrochloride, 
vincristine 
8 (1986) 24 3.25 1 8 Lomustine, 
vincristine, 
procarbazine 
9 (1989) 48 3.25 14 32 None 
10 (1989) 16 2.75 5 10 None 
11 (1989) 96 4.25 at 60 







“PCP indicates Pneumocystis carinii pneumonia. Only those drugs in use at the time of the diagnosis of PCP 


tEpisodes occurring in the absence of a steroid taper. 









1 NC, F 
2 NC, D, F, CP 












Duration of Roentgenography 

Symptoms (A-a)O, at First 

Before PCP Gradient, LDH, Evaluation of 
Episode Symptoms Diagnosis, d mm Hg U/L Symptoms 


14 53 
1 69 


3 NC 14 73 672 Focal infiltrate Recovered 
4 PC, D, CP 1 51 336 Diffuse infiltrates Recovered 
D, F 7 803 








Chest 





















510 Bilateral infiltrates Recovered 
960 Bilateral infiltrates Recovered 

















































5 215ł Bilateral infiltrates Died 

6 PC, D, F, CP 3 54 820 Focal infiltrate 

7 NC, D, F 30 1284 _ Diffuse infiltrates Recovered 

8 NC, D 22 35 419 Normal 

9 D 7 76 480 Diffuse infiltrates 

10 NC, CP 23.5 409 Bilateral infiltrates Recovered 
NC, D, F 10 499, Focal infiltrate Died 


* PCP indicates Pneumocystis carinii pneumonia; (A-a)O,, alveolar-arterial oxygen; LDH, lactate dehydroge- 







nase; NC, nonproductive cough; F, fever; D, dyspnea; CP, chest pain; and PC, productive cough. 


tPatient receiving supplemental oxygen. 


which an arterial blood gas value was 
obtained, an increased alveolar-arterial 
oxygen tension gradient (range, 23.5 to 
215 mm Hg; median, 54 mm Hg) was 
present. One arterial blood gas value 
was obtained from a patient receiving 
supplemental oxygen (episode 5, Table 
2). Elevated lactate dehydrogenase 
(LDH) levels ranged from 336 to 1284 
U/L (median, 510 U/L), and were pre- 
sent in each episode. Serum albumin 
level ranged from 24 to 38 g/L. Total 
leukocyte count at diagnosis of PCP 
ranged from 3.5 to 14.4 x 10°/L, and ab- 
solute lymphocyte counts ranged from 
0.17 to 2.3 x 10°/L (median, 0.28 x 10°/L; 
lower limit of normal is 1.0 x 10°/L). 
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Chest roentgenograms at the time of 
the initial pulmonary evaluation showed 
either no infiltrate (episode &), or infil- 
trates that were focal, bilateral (multi- 
focal), or diffuse. A cavitary lesion in 
addition to infiltrates was seen in one 
case (episode 3). 

Fiberoptic bronchoscopy was diag- 
nostic in each of the eight cases in which 
it was performed. Bronchoalveolar la- 
vage analysis was positive for PCP in six 
of eight patients. A transbronchial biop- 
sy specimen was positive in three of the 
six patients who had this procedure. 
Two patients (episodes 10 and 11) were 
found to have more than one pulmonary 
pathogen. The first patient (episode 10) 
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underwent bronchoscopy because of a 
nonproductive cough, chest pain, and a 
persistent infiltrate on chest roentgen- 
ography. Pneumocystis carinii was 
found in the bronchoalveolar lavage, 
and fungal elements consistent with As- 
pergillus sp were found invading blood 
vessels in the transbronchial biopsy 
specimens. The second patient (episode 
11) had autopsy lung cultures and histo- 
logic findings consistent with cytomega- 
lovirus infection as well as PCP. Three 
patients did not undergo bronchoscopy 
but received diagnoses at autopsy. One 
of these (episode 5) had a fulminant clini- 
cal course and died on the day of admis- 
sion before any procedure could be car- 
ried out; the second (episode 9) was 
taking anticoagulants and died before 
the prothrombin time returned to nor- 
mal, preventing bronchoscopy; the 
third (episode 11) was moribund from 
progressive tumor when pulmonary 
symptoms began, and at the family’s 
request, bronchoscopy was not 
performed. 

Ten episodes were treated with intra- 
venous _ trimethoprim-sulfamethoxa- 
zole. None of these patients had an ad- 
verse reaction to therapy. All were 
receiving dexamethasone throughout 
therapy. 

Four patients (40%) died of PCP. Six 
patients survived seven episodes of PCP; 
five subsequently died of their tumors. 


Forty Patients Without PCP 


It is difficult to determine the exact 
incidence of PCP in a setting in which 
patients are often seen in initial evalua- 
tion and then referred back to their 
point of origin while still receiving cor- 
ticosteroid therapy. Five hundred 
eighty-seven adult patients with prima- 
ry brain tumors were seen for therapy 
at MSKCC from 1981 to 1989. The re- 
cords of 40 patients from this group 
were reviewed to determine how many 
received ongoing treatment there. Four 
did not receive therapy at MSKCC or 
had less than 1 month of follow-up. 
Therefore, we estimated that 90% of the 
total study group had received ongoing 
treatment. This would make 1.7% a least 
estimate of the percentage of patients in 
whom PCP developed. All 40 patients 
received steroid therapy, with dura- 
tions (to discontinuation of steroid ther- 
apy or to last follow-up) ranging from 3 
weeks to 28 months (median, 3.8 
months). 


COMMENT 
The association between PCP and the 


use of high doses of corticosteroids is 
well documented. Data available in the 
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literature suggest that steroids permit 
reactivation of latent infection by sup- 
pressing the immune system of the 
host.” Cellular immunity seems to play 
the predominant role in the host’s de- 
fenses against PCP. Many of the under- 
lying diseases in patients with PCP 
have associated defects of cellular im- 
munity. Cyclosporine” and dexameth- 
asone both predispose patients to PCP 
and both inhibit T-lymphocyte prolifer- 
ation by mechanisms affecting interleu- 
kin 2 (T-cell growth factor), a T-helper 
cell product.” Single doses of glucocor- 
ticoids in humans have been shown to 
induce peripheral lymphopenia, proba- 
bly by redistribution of lymphocytes 
from the circulation into other body 
compartments. * None of our patients 
had tests of immunologic function, but 
peripheral lymphopenia was present in 
all for whom this information was 
available. 

Paradoxically, PCP often becomes 
clinically apparent when steroid doses 
are being decreased or withdrawn. Ani- 
mal studies suggest that a tapering of 
steroid therapy may simply unmask 
P carinii infections that have developed 
earlier during high-dose steroid admin- 
istration. In a rat model, steroids have 
depressed the capability of the host to 
mount an inflammatory response to 
P carinii infection. This inflammatory 
response appears as the steroid dosage 
is decreased.” Those rats receiving high- 
dose steroids in which PCP developed 
had scanty alveolar exudates despite 
the presence of P carinii organisms in 
the lung tissue. When steroids were 
withdrawn or tapered, intense inflam- 
matory exudates developed. Similarly, 
rabbits on long-term, stable steroid 
doses suffer PCP without the character- 
istic proteinaceous alveolar exudate and 
interstitial plasma cell infiltration.” 

Multiple human studies have con- 
firmed the relationship between de- 
creasing steroid doses and PCP. Fos- 
sieck and Spagnolo? observed the 
appearance of PCP in patients with lung 
cancer who were receiving tapering 
doses of steroids. Other investigators 
have found that of 19 children with can- 
cer in whom PCP developed, 17 had re- 
cently had steroid administration dis- 
continued or were receiving low-dose 
replacement therapy when the diagno- 
sis of PCP was made." Singer et al” re- 
ported the occurrence of PCP in 11 pa- 
tients (10 with lymphoma or leukemia) 
who had received steroid therapy. In 
seven of these patients, PCP developed 
in the setting of a tapering of steroid 
therapy. In our series, eight of 11 epi- 
sodes of PCP occurred during a tapering 
of steroid therapy. The duration of the 
tapering of steroid therapy before the 


onset of pulmonary symptoms ranged 
from 1 to 63 days, but seven of the epi- 
sodes occurred within 21 days of initia- 
tion of the tapering. 

In all prior studies, PCP was rare 
among patients with solid tumors. Our 
findings, however, suggest that this 
disease occurs in a subset of patients 
with solid tumors, namely, those with 
brain tumors. The increased incidence of 
PCP in patients with primary brain tu- 
mors is most likely due to the fact that 
they frequently receive high-dose corti- 
costeroids for extended periods. Pa- 
tients with solid tumors that do not arise 
in the central nervous system who are 


placed on similar steroid regimens may - 


also be at risk for PCP. In the only other 
published series of patients with solid 
tumors who had PCP, three of five pa- 
tients with lung cancer who had PCP had 
received dexamethasone for brain me- 
tastases, followed by a tapering of ste- 
roid therapy." 

Clinicians should have a high index of 
suspicion for PCP in this selected patient 
population, particularly because the 
clinical presentationof PCP can be subtle 
and nonspecific. Patients with mild pul- 
monary symptoms in whom the diagno- 
sis of PCP is suspected should be 
screened carefully. If the chest roent- 
genogram shows diffuse infiltrates, 
bronchoscopy should be done emergent- 
ly. Ifthe chest roentgenogram is normal 
and the patient has mild symptoms, oth- 
er sensitive tests might be helpful to 
detect interstitial lung disease. These 
tests include pulmonary diffusing ca- 
pacity, ™™" rest and exercise arterial 
blood gas values,” or performance of a 
gallium citrate lung sean.” If any of 
these test results are abnormal, one 
should proceed to bronchoscopy. A se- 
rum LDH measurement may be useful. 
All the patients in this study had elevat- 
ed levels of LDH. A previous report on 


patients with acquired immunodeficien-* 


ey syndrome (AIDS) who had PCP found 
that only 7% had normal LDH levels, 
and levels greater than 450 U/L were 
highly specific for PCP.” In this same 
study, six (75%) of eight patients with- 
out AIDS with PCP had elevated LDH 
levels. Further investigation is re- 
quired to determine the sensitivity and 
specificity of this test in the population 
without AIDS. Confirmation of the di- 
agnosis of PCP depends on the demon- 
stration of the organisms either in lung 
tissue or in bronchoalveolar lavage 
fluid. 

If abnormalities consistent with the 


diagnosis are found in any of the above, 
tests, further evaluation with bronchos- 


copy, including bronchoalveolar la- 
vage*™ and transbronchial biopsy,” is 


recommended. In more acutely ill pa- 
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“tients, bronchoscopy is recommended 
to make the diagnosis as rapidly as pos- 
sible. If bronchoscopy is nondiagnostic, 
the decision as to whether the patient 
should have an open-lung biopsy, close 
follow-up, or empirical therapy depends 
on the clinical status of the patient and 
the physician’s index of suspicion. 

Ina prospective, randomized study of 
children with hematologic malignant 
neoplasms, trimethoprim-sulfamethox- 
azole provided excellent protection 
against PCP with minimal toxic reac- 


©: I Burke BA, Good RA. Prenmocystis carinii 
infection. Medicine. 1978;52:23-51. 

2. Sheldon WH. Pulmonary Pneumocystis car- 

inii infection: J Pediatr. 1962;61:780-791, 

3. Hartman B, Koss M, Hui A, Baumann W, 
Athos L, Boylen T, Pneumocystis carinii pneumo- 
nia in the acquired immuno-deficiency syndrome 
(AIDS): diagnosis with bronchial brushings, biopsy 
and bronchoalveolar lavage. Chest. 1987;87:603- 
607. 

4, Rifkind D, Faris TD, Hill RB. Pneumocystis 
carinii pneumonia: studies on the diagnosis and 
treatment. Ann Intern Med. 1966;65:943-956. 
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tion.” In a second study of this popula- 
tion, trimethoprim-sulfamethoxazole 
prophylaxis had equal efficacy when ad- 
ministered for 3 consecutive days each 
week when compared with a daily regi- 
men.” Although the risk of PCP in these 
studies was much higher than in our 
patients (PCP developed in 17 of the 80 
patients in the placebo-treated group), 
our findings suggest that prolonged ad- 
ministration of high doses of steroids in 
patients with brain tumors substantial- 
ly increases the risk of PCP. 
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® The areas of six bilateral brain segments 
in the right and left hemispheres, on a hori- 
zontal brain section, and the area of subdivi- 
sions of the corpus callosum, on a midsagit- 
tal brain section, were measured on 
magnetic resonance images obtained from 
21 dyslexic and 29 control subjects. In the 
entire group, the frontal half of the horizontal 
brain section showed asymmetry, with the 
right side being larger, whereas posteriorly 
only the occipital polar segment was asym- 
metrical, with the left side being larger. Dys- 
lexic subjects exhibited asymmetry, with the 
right side greater than the left side, in con- 
trast to the relatively symmetrical pattern 
that is normally observed in the midposterior 
segment that corresponds to the angular gy- 
rus. in the corpus callosum, dyslexic sub- 
jects were found to have a larger splenium 
than nondyslexic subjects, and dyslexic fe- 
male subjects were found to have a larger 
splenium than dyslexic male subjects. Be- 
cause transcallosal pathways connecting 
the left and right angular gyrus regions tra- 
verse through the spienium of the corpus 
callosum, the above findings in dyslexic sub- 
jects suggest an anatomic abnormality in the 
angular gyrus region. 

(Arch Neurol. 1991 ;48:410-416) 
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T here now exists a strong body of evi- 

dence that the human cerebral 
hemispheres are morphologically asym- 
metrical in adults as well as in children. ' 
As a discrete structure in the brain, the 
posterior portion of the superior tempo- 
ral plane (the planum temporale) shows 
an impressive left-greater-than-right 
asymmetry, but other structures, such 
as the frontal lobes, have also been 
shown to be consistently asymmetrical 
at a macroscopic level.’ Cytoarchitec- 
tonic studies show asymmetries with 
greater neuronal density on the left side 
in the inferior parietal lobe,” the left 
auditory cortex,’ and the posterior por- 
tion of the thalamus.* 

Some of these morphologic asymme- 
tries may be linked to functional differ- 
ences between the hemispheres. For 
example, it has been postulated that be- 
cause the left planum temporale, which 
is located in Wernicke’s area, is larger 
than the right in 65% of adult brains, the 
larger left planum is in some way relat- 
ed to left hemispheric dominance for 
language.’ Furthermore, neuropatho- 
logic studies in four adult dyslexic sub- 
jects who have exhibited symmetry of 
the plana temporale, rather than the 
usual asymmetry, also suggest an asso- 
ciation between the relative asymmetry 
of this structure and functional abilities 
in the language domain.’ Direct. evi- 
dence linking anatomic asymmetries to 
language laterality or other functional 
differences between the two hemi- 
spheres, however, is still lacking.” 

Geshwind” suggested that the infor- 
mation obtained from studies of cases of 
acquired dyslexia could be useful to ob- 
tain an understanding of the neurologic 
basis of developmental dyslexia. In this 


regard, it is clear, beginning with the 
earliest studies of Dejerine,” that le- 
sions in the left angular gyrus are asso- 
ciated with alexia, among other find- 
ings. More recently, Benson” 
categorized alexias, by the sites of the 
causative lesions and the clinical pre- 
sentations, into posterior alexia (occipi- 
tal alexia or alexia without agraphia), 
central alexia (parietotemporal alexia 
or alexia with agraphia), and anterior 
alexia (frontal alexia or motor alexia as- 
sociated with Broca’s aphasia). In addi- 
tion to the left angular gyrus, the medial 
occipital lobes, and Brocas area, the 
splenium of the corpus callosum has also 
been implicated in posterior alexia.” 
(Studies involving reading-disabled 
children show evidence of inefficient in- 
terhemispheric transfer of visual infor- 
mation, which would also suggest that 
the splenium of the corpus callosum may 
be at fault.'"") $ 

Several neuroimaging studies, with 
the use of computed tomography (CT), 
have suggested reduced or reversed 
asymmetry of the posterior aspects of 
the cerebral hemispheres in dyslexie 
subjects," although one nonquantita- 
tive magnetic resonance imaging (MRD 
study has failed to demonstrate any ana- 
tomie differences between dyslexic and 
normal subjects.“ (For a review of these 
studies, see Hynd and Semrud-Clike- 
man.”) 

Planes that cannot be imaged by CT, 
such as the sagittal plane, can be visual- 
ized on MRI scans. With the advent of 
MRI, it has become possible to obtain, 
much improved definition of neuroana- 
tomie structures. In this study, we com- 
pared groups of well-defined, right- 
handed male and female subjects and 
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dyslexic and normal readers on mea- 
sures of cerebral anatomic asymmetry 
and corpus callosum size, obtained by 
area measurements on MRI scans. Area 
measurements constitute an advance 
over previously reported linear mea- 
surements, although true volumetric 
analysis would have been preferable. 
This was deemed impractical for this 
study because three-dimensional recon- 
struction of anatomic regions was not 
available to us with the system that was 
used. 

We chose to segment the brain into 
six pairs of areas that corresponded to 
brain regions of interest to define the 
location of these asymmetries. A single 
section in the horizontal plane, at the 
level of the foramen of Monro, includes 
most brain regions that are considered 
important for reading and language.” 
Previous studies have involved evalua- 
tion of brain asymmetries via trans- 
verse linear measurements at arbi- 
trarily chosen points along the antero- 
posterior dimension of the brain. In this 
study, we categorized the brain regions 
where these asymmetries were most 
prominent and where they best dis- 
criminated between groups of subjects, 
ie, male vs female subjects and dyslexic 
vs normal readers. Based on previous 
neuroimaging findings in subjects with 
developmental language disorders," 
the working hypothesis in this study 
was that one or more brain segments in 
the posterior half of the brain would 
show aberrant asymmetry in dyslexic 
subjects. 


METHODS 
MRI 


Magnetic resonance imaging was per- 
formed with a superconducting whole-body 
scanner (Siemens Magnetom, Iselin, NJ) (1.0 
or 1.5 T) with use of a 25-cm-diameter head 
c coil, Sections were 7.0 mm thick, with 
3.0 mm intersection intervals with use of a 
256 x 512-pixel matrix. Three sagittal T,- 
weighted spin-echo sequences (repetition 
time, 500 milliseconds; echo time, 17 millisec- 
onds) were obtained with the central section 
positioned through the midline. Transverse 
T,-weighted spin-echo sequences (repetition 
time, 2500 milliseconds; echo time, 25 and 90 
milliseconds) provided 13 sections that were 
obtained parallel to the inferior orbitomeatal 
plane with one section transecting the fora- 
men of Monro. The correct plane was ensured 
by appropriate positioning of the patient be- 
fore the study began. The measurements on 
the horizontal section were performed on the 
T,-weighted image, with an echo time of 25 
milliseconds (proton density image). 


Measurements 
All measurements were made with a pla- 


nimeter on brain outlines derived from hand 
tracings of MRI scans. 
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Horizontal Areas. — Horizontal area mea- 
surements were made from transverse MRI 
scans at the level of the foramen of Monro. 
This section is anatomically very similar 
across subjects in that it transects the basal 
ganglia, thalamus, and the four tips of the 
lateral ventricle horns (Fig 1). This section is 
very informative for this study, as it includes 
parts of the prefrontal and premotor lobules 
of the frontal lobe (including Brocas area), 
the superior temporal gyrus, the inferior pa- 
rietal lobule, and the cuneus and lateral cor- 
tex of the occipital lobe (level 6 in the brain 
according to the atlas by Eycleshymer and 
Schoemaker,” which is also sectioned in the 
inferior orbitomeatal line). 

The brain was traced along the inner table 
of the skull, and a line was drawn along the 
interhemispheric fissure following its con- 
tours. The anterior and posterior limits of this 
line were determined as the points at which 
there was divergence of the medial outlines 
of each hemisphere in the frontal and occipi- 
talregions. The length of the interhemispher- 
ic line was based on the linear distance be- 
tween these two points. The segmentation of 
the brain (see below) was based on the linear 
distance, but the area measurements were 
performed with the contoured medial bor- 
der, which was the interhemispheric fissure. 
The interrater reliability of the placement of 
the anterior and posterior limits of the inter- 
hemispheric line was determined by having 
two raters (R.D. and A.K.) determine these 
points on tracings of the brain and measure 
the distance from these points to a fixed 
point. The correlation coefficients were .95 
and .98, respectively, for the anterior and 
posterior limits. Lines were drawn perpen- 
dicular to the midline at its midpoint (50% 
line) and at 10% and 30% distances from the 
anterior and posterior limits, dividing the 
brain into six pairs of right- and left-sided 
brain segments (Fig 1). These segments were 
designated anterior polar 10%, midanterior 
20%, anterior central 20%, posterior central 
20%, midposterior 20%, and posterior polar 
10%. Each area measurement was made 
three times, and the mean value was used. 
Interrater reliabilities for these mean values 
among three raters were r= .98 and r=.99, 
On the lateral surface of the brain, the cere- 
bral cortex in the anterior polar 10% corre- 
sponded approximately to prefrontal re- 
gions; midanterior 20% to premotor regions, 
including Brocas area; anterior central 20% 
to the insular cortex and the anterior part of 
the superior temporal gyrus; posterior cen- 
tral 20% to the plana temporale (or the poste- 
rior part of the superior temporal gyrus) and 
the supramarginal gyrus of the inferior pari- 
etal lobe; midposterior 20% to the angular 
gyrus; and posterior polar 10% to the lateral 
occipital cortex and the euneus of the occipi- 
tal lobe. This correspondence of anatomic 
brain regions to the segments used in this 
study was ascertained by segmentation of 
the brain section at the appropriate axial 
level (level 6) according to the atlas by Eycle- 
shymer and Schoemaker.” It was then possi- 
ble to determine, on both the lateral surface 
of the brain, provided in the atlas, and on the 
horizontal section, the brain regions encom- 
passed by each segment. The area of each 
right and left half of the individual segments 





Anterior 


10% 


Posterior 


Fig 1.—Drawing of horizontal brain section in 
dyslexic subjects and nondysiexic subjects with 
the location and extent of each of six seg- 
ments. APL indicates anterior polar; ANT, ante- 
rior; ANC, anterior central; PTC, posterior cen- 
tral; PTR, posterior; and PPL, posterior polar. 


Corpus Callosum 


Splenium 





Fig 2.—Drawing of sagittal brain section, with 
depiction of the outlines of the corpus callosum 
and its subdivisions and the midsagittal brain 
area. 


contributed the primary data for this 
analysis. 

Corpus Callosum Areas, —Corpus callo- 
sum measurements were made from sagittal 
MRI scans of the midsagittal plane. The cor- 
pus callosum was traced directly. The midsa- 
gittal brain area was traced by following the 
superior border of the corpus callosum from 
the genu to the splenium and then following 
the cerebrum posteriorly along the inferior 
border of the occipital lobe and continuing 
anteriorly over the convexity of the brain and 
finally posteriorly along the inferior border 
of the frontal lobe until the genu was reached 
again (Fig 2). The corpus callosum was divid- 
ed into fifths along a line joining the most 
anterior and posterior points on the genu and 
the splenium, respectively. Area measure- 
ments were made of the total corpus callo- 
sum, anterior fifth or genu, and posterior 
fifth or splenium. Each callosal area was nor- 
malized to and expressed as a percentage of 
the midsagittal brain area to control for indi- 
vidual differences in brain size. 

Informed consent was obtained from each 
participant in the study after the procedures 
were explained. Each prospective subject 
underwent a clinical interview to obtain in- 
formation pertinent to diagnosis (ie, develop- 
mental, family, and educational history). As 
dyslexia is thought to have a heterogeneous 
origin, we sought to minimize variability 
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among dyslexic subjects by confining our 
sample to individuals with a clear family his- 
tory in first-degree relatives and to those 
with no known prenatal or perinatal condi- 
tion that might yield learning problems. Be- 
cause of the frequent overlap in the popula- 
tion between dyslexia and attention- 
deficit-hyperactivity disorder (ADHD), we 
did’ not exclude dyslexic subjects who also 
reported a childhood history of ADHD, for 
practical reasons. To do so would have added 
an unacceptable restraint to the subject re- 
cruitment process. The stringent criteria for 
reading and spelling deficits (see below) en- 
sured that no dyslexic subjects had purely 
ADHD. However, to ensure the normalcy of 
our control group, normal readers with a 
history of ADHD or any other learning dis- 
ability were excluded. 

A total of 50 right-handed adults partici- 
pated in the study (Table 1). This study group 
included 21 dyslexic (12 male and nine fe- 
male) and 29 nondyslexic (15 male and 14 
female) subjects. Handedness was measured 
by the Edinburgh Handedness Inventory.” 
Groups were matched as closely as possible 
for age and years of education (Table 1). Be- 
cause of the disadvantage that dyslexic sub- 
jects experienced in acquiring an education, 
there was a significant difference in the edu- 
cational levels of the two groups, but all dys- 
lexic subjects were of average to high-aver- 
age intelligence (Table 1). The diagnosis of 
developmental dyslexia was made if all the 
following conditions were met: (1) a 1.5-SD 
discrepancy on reading and/or spelling tests 
vs IQ was verified; (2) there existed a history 
of childhood reading and spelling problems; 
and (3) there existed a family history of dys- 
lexia in at least two generations. 

Dyslexic subjects scored significantly low- 
er than nondyslexic subjects on oral reading 
of meaningful text (Gray Oral Reading 
Test”; P<,02) and Nonsense Passages” 
(P<.001). Both groups comprised native En- 
glish-speaking subjects who had neither neu- 
rologic nor psychiatric disorders, all of whom 
reported having had adequate educational 
opportunity for learning to read. 

Severity Scores.—A group of dyslexic 
subjects (n=16) was rated on a severity 
score based on differences on standard scores 
of full-scale 1Q (Wechsler Adult Intelligence 
Seale-Revised)” and certain reading and 
spelling tests. The severity score comprised 
the average of three components: (1) full- 
scale 1Q-Gray Oral Reading Test, (2) full- 
scale IQ-Wide Range Achievement Test 
(Spelling),"* and (3) full-scale 1Q-Average 
of Nonsense Passage Errors and Trials. The 
higher the severity score, the greater the 
relative impairment in reading and spelling. 


DATA ANALYSIS 


Horizontal brain areas were obtained for 
the right and left segments of the anterior 
polar, anterior, anterior central, posterior 
central, posterior, and posterior polar re- 
gions and analyzed with a multivariate analy- 
sis of covariance approach. Diagnosis (dys- 
lexic vs normal readers) and gender (male vs 
female subjects) served as independent 
grouping factors, while hemisphere (right vs 
left) was treated as a repeated measure. Be- 
cause of large individual differences in brain 
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Table 1.— Subject Characteristics 


Variables 


Mean + SD 


aaaea ieee Ė— 


Dyslexics Nondyslexics 








12 16 
9 14 








Education, y 





Handednesst 

GORT-Rł (standard score) 
WRAT-Ri (standard score) 
WAIS-Rf (full-scale 1Q) 


Nonsense passages# 
Errors 








105.0§ + 18 


62.6* +28 


39.1411 35.3+ 10 
14.3°+3 17.7+3 

0.80 + 0.2 0.82+0.2 
119.5415 











86.1414 
114.4415 














102.7+12 





Time 
*P<.001. 


55.7* +35 








101.34 13 


tHandedness per Edinburgh Handedness Inventory”? (— 1.0 indicates left-handed; 0, ambidextrous; and 1.0, 


right-handed). 
GORT indicates Gray Oral Reading Test. 
§P < .02. 


||WRAT indicates Wide Range Achievement Test /Spelling.?”* 
WAIS indicates Wechsler Adult intelligence Scale-Revised.”° 


#Nonsense Passage Reading (standard scores).*° 


size, total brain area was entered as a covar- 
iate in this analysis. A covariate approach 
was adopted rather than entering normal- 
ized measurements into the multivariate 
analysis of variance equation, as the latter 
approach would confound the variance-co- 
variance matrix and create extensive inter- 
dependence between measures (scores for 
each patient would necessarily add up to 
100% with the use of normalized measures), 
thus violating necessary assumptions re- 
quired for these analyses. Whenever signifi- 
cant, multivariate analysis of covariance 
main effects and/or interactions were ob- 
tained (P<.05), subsequent univariate anal- 
yses of variance (ANOVAs) were then exam- 
ined. Because of multiple ANOVA contrasts, 
a more conservative criterion of P<.01 was 
set for each univariate analysis. 

To examine the relationship between se- 
verity scores and brain areas, whenever a 
brain segment indicated a significant main 
effect or interaction on the multivariate anal- 
ysis of covariance, further analyses utilizing 
Spearman rank correlations were performed 
between severity scores and brain segment 
areas. Again, due to multiple comparisons, 
the criterion for significance was set at 
P<,01, 

Corpus callosum area measurements were 
analyzed with the use of three separate 
ANOVAs, with the normalized area mea- 
surements for the genu, splenium, and total 
corpus callosum area as dependent measures 
and diagnosis and gender serving as indepen- 
dent grouping factors. Criterion for signifi- 
cance was set at P= .05 for the ANOVA. Post 
hoc analyses of any significant main effects or 
interactions were conducted with the Stu- 
dent-Newman-Keuls procedure, with a cri- 
terion for significance set at P=.05. Spear- 
man rank correlations were performed 
between the severity scores and the corpus 
callosum areas that showed significant main 
effects or interactions for diagnosis or hemi- 
sphere on the ANOVA. Because of multiple 
comparisons, the a value was set at P<.01 
for these series of analyses. 


RESULTS 


Horizontal Area 
Measurements 


Significant main effects for hemi- 
sphere (F[1,45]=8.83, P=.001) and 
gender (F[1,45]=2.86, P=.02) were 
obtained, and the diagnosis x hemi- 
sphere interaction was also significant 
(F[1,45]=2.49, P= .04). Post hoc analy- 
sis of the hemispheric effects revealed 
that there were highly significant dif- 
ferences in the anterior polar 10% 
(P=.001), midanterior 20% (P=.001), 
and anterior central 20% (P = .001) seg- 
ments, with the right side being larger 
than the left in these anterior segments. 
There was also a significant difference in 
the posterior polar 10% segment 
(P = .004), with the left side being larger 
than the right (Table 2) (Fig 3). Post hoc 





analysis of the gender effect revealed © 
significant differences in the combined * 


right and left areas of the midanterior 
20% segment (P = .003) and the midpos- 
terior 20% segment (P=.001), where 
male subjects had larger area measure- 
ments than female subjects (Table 3), 
but there was no gender x hemisphere 
interaction. Finally, the diagnosis x he- 
misphere interaction post hoc analysis 
showed a significant effect only in the 
midposterior 20% segment (P= .007), 
where the right side of this segment was 
larger than the left in dyslexic readers, 
but the left side was slightly larger than 
the right in normal readers (Table 4). 
Spearman rank correlations revealed a 
significant positive correlation (r= .58, 
P=,005) between the severity score 
and the normalized area of the right side 
of the posterior polar 10% brain seg- 
ment in dyslexic subjects. 
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Corpus Callosum Area Measurements 


Results are summarized in Tabled and 
Fig 4. Total corpus callosum measure- 
ment analysis revealed no ANOVA 

* main effects for diagnosis or gender but 
did reveal a significant diagnosis- 
xgender interaction (F{[1,44]=4.8, 
P= .084), Post hoe analysis revealed 
that dyslexic female subjects had a larg- 
er total corpus callosum area than dys- 
lexic male or normal female subjects. In 
the genu measurements, there was also 
a diagnosis x gender interaction in the 
ANOVA analysis  (F[1,44] = 5.12, 
P= 029). Post hoe analysis revealed 
that dyslexic female subjects had a larg- 
er genu area than dyslexic male sub- 
jects. Finally, in the splenium there 
were significant main effects for diagno- 
sis (F[1,44]=6.9, P=.012) darger in 
dyslexie subjects) and for gender 
(F[1,44]=8.65, P=.005) (larger in fe- 
male subjects), but there was no signifi- 
cant diagnosis x gender effect. Post hoc 
analysis revealed that dyslexic female 
subjects had a larger splenial area than 
dyslexic male subjects, normal female 
subjects, and normal male subjects, but 
normal female subjects did not have a 
larger area than normal male subjects. 
Spearman rank correlations between 
severity scores and the relative sizes of 
the genu, splenium, and total corpus 
callosum were not significant in dyslexic 
subjects. 


COMMENT 


Modern interest in the asymmetry of 
the human brain was stimulated by 
Geschwind and Levitsky’ in their report 
that the length of the planum temporale 
measured in postmortem adult brains 
was asymmetrical and usually greater 
on the left side. A further report of 
asymmetry in the planum temporale, 
for both adult and infant human post- 

*mortem brains, was made by Wada et 
al,” and left-sided predominance was 
confirmed. In the frontal operculum, 
Wada et al found the right side to be 
larger than the left. LeMay and Kido” 
evaluated CT seans in right-handed sub- 
jects and reported left occipital petalia 
(indenting of the inner table of the skull) 
in about two thirds of their sample. 
While they found symmetry to be com- 
mon in the frontal regions, 30% of their 
sample evidenced right frontal petalia 
and only 7% evidenced left frontal peta- 

studies have confirmed these 





Our results demonstrate that in quan- 
titative area analyses of six bilateral 
‘brain regions, systematic asymmetry 
occurs In anterior and posterior brain 
regions. We have shown that the anteri- 
or three segments (corresponding to 
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Brain Segments 


Table 2.—Normalized Horizontal Area Measurements* in All Subjects (Dyslexic and 
Normal Readers): Hemispheric Differences 


Right Hemisphere 









Left Hemisphere 








Anterior polar 



















































(PPL 10) 5.11.1 








(APL 10) 4840.8 4.4209 .001 
Anterior 

(ANT 20) 9.0+0.7 8.6+0.6 £001 
Anterior central 

(ANC 20) 10.6+0.8 10.2 +0.8 .001 
Posterior central 

{PTC 20) 11.384 1,0 11.2+0.7 NS 
Posterior 

(PTR 20) 9.7+0.7 9.7 +0.8 NS 
Posterior poiar 








5.4 1.0 -004 





“Values are mean + SD. Value is expressed as a percentage of the total horizontal area of the brain (ie, it 


is a normalized area to correct for differences in brain size). 
+Probability value as determined on univariate (analysis of variance) tests. NS indicates not significant. 


Absolute Area, cm? 


APL 10% 


ANT 20% 


ANC 20% 





PTC 20% PTR20% PPL 10% 


Brain Segments 


Fig 3.—Horizontal area measurements for various left hemisphere (hatched bars) and right 
hemisphere (black bars) brain segments in all subjects. See Fig 1 legend for expansions of 
abbreviations. Single asterisk indicates P = .001; double asterisks, P = .004. 


prefrontal, premotor, and insular cor- 
tex/superior temporal gyrus) are asym- 
metrical, with the right side being larg- 
er than the left, whereas in the posterior 
half of the brain, only the posterior polar 
10% region, corresponding to the cun- 
eus and lateral occipital lobe, is asym- 
metrical, with the left side being larger 
than the right. The region of the brain 
that includes most of the planum tem- 
porale, ie, the posterior central 20% 
segment, was found to be symmetrical 
in our study. 

We were unable to find a gender dif- 
ference in brain asymmetry, as de- 
scribed by Bear et al," who reported a 


difference in degree of asymmetry with 
use of linear measurements in both fron- 
tal and occipital lobes, with female sub- 
jects exhibiting more symmetry than 
male subjects. The only gender differ- 
ences we found were relative increases 
in male subjects in the size of the whole 
midanterior 20% region (encompassing 
the premotor region) and the midpos- 
terior 20% region (encompassing the an- 
gular gyrus). These differences between 
the findings of Bear et al” and our own 
may be related to the fact that we made 
area rather than linear measurements. 
Whether these anatomic differences are 
consistent and can be associated with 
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Table 3.—Horizontal Area Measufement* in All Subjects (Dyslexic and Normal 
Readers): Gender Differences 


Brain Segments Female 





Anterior polar 
(APL 10) 
JR 





L 





Anterior 
(ANT 20) 
R 


L 








Anterior central 
{ANC 20) 


R 10.6 +40.8 








L 10.5 +0.9 





Posterior central 
(PTC 20) 
R 114.2 1.1 





L 14.4 £0.8 








Posterior 
(PTR 20) 
R 





L 





Posterior polar 
(PPL 10) 
R 





L 





*Values are mean + 8D. Value is expressed as a percentage of the total horizontal area of the brain. 
tProbability value as determined on univariate (analysis of variance) test. NS indicates not significant. 
Differences are between female and male subjects (gender effect) across hemispheres (no hemispheric ef- 


fect). 
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i Table 4.—Horizontal Area Measurement* in Dyslexic and Normal Readers 
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(ANT 20) 
R 8.9+0.9 
L 8.6+0.7 
Anterior central 
(ANC 20) 
R 10.6+0.8 
L 10.2+0.9 
Posterior central 
(PTC 20) 
R 11.54 1.0 
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L 11.3+0.9 
Posterior 
(PTR 20) 
R 9.9+0,7 
9.6 £0.7 
Posterior polar 
(PPL 10) 
R 5.21.2 


L 


5.0 + 1.0 } 


“Values are mean + SD. Value is expressed as a percentage of the total horizontal area of the brain. 
tProbability value as determined on univariate (analysis of variance) test. NS indicates not significant. 
Differences are right-sided relative to left-sided values in dyslexic vs normal readers (diagnosis by 


hemispheric interactions only). 


language or reading function will have 
to be determined in future studies. 

Hier et al” studied 24 dyslexic sub- 
jects (two women, six “left-handed”) 
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with the use of CT of the brain. They 
observed that 10 dyslexic subjects had 
reversal of the usual left-greater-than- 
right asymmetry of posterior portions 











of the cerebral hemispheres; asymme- 
try was measured ona line drawn 5mm 
anterior to the inner table of the skull at 
the occipital pole. These 10 subjects with 
reversed asymmetry had lower mean, 
verbal IQ scores than the remaining 14 
dyslexic subjects with either symmetri- 
cal posterior cerebral regions (six sub- 
jects) or the usual left-greater-than- 
right asymmetry (eight subjects). 
Haslam et al“ evaluated brain CT scans 
in 26 right-handed boys (9 to 18 years of 
age) with developmental dyslexia and in 
eight right-handed boys, who were con- 
trols, using methods similar to those of 
Hier et al.“ They found a lower-than- 
expected incidence of left-greater-than- » 
right occipital asymmetry in the dyslex- ` 
ic group. 

In our studies, the brain segment on 
the horizontal section that differentiat- 
ed dyslexic and normal readers was 
midposterior 20%, which encompassed 
mainly the angular gyrus. The right side 
of this segment was found to be larger 
than the left in dyslexic subjects but 
symmetrical in nondyslexic subjects. It 
was also of interest. that the region of 
the planum temporale, located within 
the posterior-central 20% segment, was 
not significantly different between dys- 
lexic and nondyslexic subjects. The dys- «f 
lexia severity score was found to corre- 
late significantly with the area of the 
posterior polar 10% segment. This result 
indicated that the more severe the dys- 
lexia, the larger the area of the right 
side of this segment. 

Taken together, the above findings 
suggest that the major anatomic abnor- 
mality in dyslexic subjects is in two 
neighboring areas in the posterior part 
of the brain, encompassing mainly the 
angular gyrus and the posterior pole. 
This region tends to be larger than nor- 
mal on the right side in dyslexic sub- 
jects. This finding is consistent Si 
those of Hier et al and Haslam et al,” 
even though these authors were aae 
to identify the brain regions that caused 
the differences between subject groups. 
It is these same structures that were 
found to be the most consistent sites of 
abnormality causing acquired alexia.” 

In corpus callosum measurements, 
we found the splenium to be the region 
in this structure that showed the major 
findings of differences between genders 
and diagnostic groups. The splenium 
was larger in dyslexic female subjects 
than in dyslexic male subjects and larg- 
er in dyslexic than in normal readers. 
Little is currently known about the rela- 
tionship between cor pus callosum size | 
and cognitive or functional abilities, al-” 
though many theories abound. De La- 
coste-Utamsing and Holloway” found 
the splenium of the corpus callosum to 
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Table §.—Corpus Callosum Area Measurements* in Dyslexic and Norma! Readers 


Normal Readers 
F eemenenmmmemmementimmamaammmamemammee 
i Female Male 
(n = 14) {n = 15) 


Dyslexic Readers 


premem nnana, 
Female 
(n = 9) 


Male 
{n = 10) 


Analysis of 
Variance Results 





6.520.6 6.6 £0.9 


Total corpus 
callosum 


7.5+0.9 


6.521.2 Diagnosis X gender 
interaction 


(P = .034) 





Genu 


Diagnosis X gender 
interaction 
(P = .029) 





Splenium 


Diagnosis effect 
(P = 012) 

Gender effect 
(P = .005) 





* Values, unless otherwise noted, are mean + SD, Value is expressed as a percentage of the midsagittal brain 


area, 


Normalized Area Measurements 
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GN 
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SN 
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Total 





Normal Female 
Normal Male 
Dyslexic Female 


Dyslexic Male 


Genu Splenium 


Corpus Callosum 


w#Fig 4.—Corpus callosum measurements (normalized to midsagittal brain area) in dyslexic and 


nondyslexic male and female subjects). 


be larger in five female than in nine male 
subjects. They speculated that greater 
hemispheric specialization in male sub- 
jects, for visuospatial function, was 
linked to the smaller size of the male 
splenium. Although these gender dif- 
ferences in splenium size were not con- 
women studied with MRI, these au- 
thors did not appear to have controlled 
for overall brain size. Witelson™ evalu- 
ated the corpus callosum in 42 postmor- 
tem brains (12 male and 30 female; 27 
¡consistent right-handers and 15 mixed- 
handers). She found that there was no 
sexual dimorphism in the size of the cor- 
pus callosum or any of its subdivisions 
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but that mixed-handers had larger cor- 
pora callosa than consistent right- 
handers. This finding once again raised 
the issue of hemispheric specialization 
of function and corpus callosum size. 
Those with presumably less hemispheric 
specialization (mixed-handers) had 
larger corpora callosa. The size and 
shape of the corpus callosum appears to 
be at least partly under genetic control, 
as the variability of corpus callosum size 
is much less in monozygotie twin pairs 
than in randomly paired controls.* 
With regard to gender differences in 
the size of the splenium, our results sup- 
port those of De Lacoste-Utamsing and 
Holloway.” Our findings in dyslexic and 





normal subjects, however, are unique. 
The larger splenium that we found in 
dyslexic subjects would seem to fit well 
with the finding of an abnormality in the 
midposterior 20% segment in dyslexie 
subjects. Transcallosal pathways for the 
midposterior 20% region (angular gy- 
rus) appear to be located in the splenium 
of the corpus callosum.” The basic as- 
sumption here is that reversed anatom- 
ic asymmetry in a brain region is associ- 
ated with a greater degree of 
bihemispheric distribution of functions 
normally ascribed to that region. If this 
is correct, it may also suggest that the 
portion of the corpus callosum connect- 
ing the right and left halves of those 
brain regions will need to be larger to 
handle the greater amount of “cross- 
talk” required between these brain re- 
gions. No correlation was found, how- 
ever, between the size of the splenium 
and the degree ofasymmetry of the mid- 
posterior 20%, posterior central 20%, or 
posterior polar 10% segments (7 = .218, 
P=.10; r=-.05, P>.25; r= —.05, 
P>.25, respectively). Thus, if there is a 
relationship between anatomic asym- 
metry of specific brain regions and the 
size of the corresponding segment of the 
corpus callosum, it is not a simple one. 
Nevertheless, the larger size of the 
splenium in dyslexic subjects does ap- 
pear to add to the results obtained from 
horizontal section measurements. These 
results together suggest an anatomic 
abnormality in the posterior half of the 
brain. 

In conclusion, we have shown that 
(1) the human brain is asymmetrical in 
the anterior half and the posterior pole; 
(2) male subjects have relatively larger 
brain segments than female subjects in 
a midfrontal and a midposterior loca- 
tion, representing the premotor and an- 
gular gyrus regions, respectively; 
(3) dyslexic subjects tend to have re- 
versed brain asymmetry in a midposter- 
ior brain segment corresponding to the 
angular gyrus; (4) dyslexic subjects 
have a larger splenium of the corpus 
callosum than do normal readers; and (5) 
female dyslexie subjects have a larger 
splenium than do male dyslexic sub- 
jects. The functional importance ofthese 
findings will be better understood when 
correlated with markers of lateralized 
behaviors, as measured by psychophys- 
ical tests and neuropsychological tests, 
regional cerebral blood flow or metabo- 
lism, and brain electrical potentials. 
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with increased frequency of generaized convulsions {see INDICATIONS AND USAGE) 

Therapy should de prescrded owy after critical Denelt-to-risk apprassa: in patients with 
a history of cardiac Nepatic or renal damage adverse nematologic reaction to other 
drugs. of mterrupted courses of therapy with Tegreto! 
intormation for Pailents: Pavents shouid be made aware of the early toxic signs ang 
symptoms of a potenta! hematologie problem. such as fever. sore throat. ulcers n the 
mouth easy bruising. petectal or purpunc hemorrhage. and should de advised to report 
10 the physician immediately ot any Such signs of symptoms appear 

Since dizz:ness and drowsiness may occur patients shouid be cautioned about the 
nazards of operating machinery of automobiles or engag.ng :n other potentially dangerous 
tasks 
Laboratory Tests: Compiete pretreatment biood counts. :nciugag piateiets and poss:diy 
reucuiocytes and serum ron. shouid be obtained as a baseine Ifa panent:n the course of 
treatment exwxbits low or decreased white Diood cel! or piateiet counts. Me patient snouig 
pe monitored cisely Discontinuation of the drug snouid be considered t any evidence of 
sigaificant bone marrow depression develops 

Baseine and penodic evaiuabons of aver function particuiarly i patients with a history 
of iver disease must De performed during treatment with this drug since iver damage 
may occut The drug shoud be discontinued emmedhately + cases of aggravated iver 
dysfunction or acive iver disease 

Baseine and penodc eye examenabons mcluding sit-lame funduscopy and lonome- 
try are recommended Since many pnenothiazines and related drugs Nave been shown to 
cause eye changes 

Baseine and periode complete urinalysis and BUN determinations are recommended 
for patients treated with ths agent because ot observed renai dystunchon 

Monitoring of biood ieveis (see CLINICAL PHARMACOLOGY nas increased the efficacy 
and safety of anticonvulsants This monitoring may de parncuiar’y useful in cases of 
dramatic sncrease in segure frequency and for verdeaton of compsance in addition 















or generalized 





measurement of drug serum levels may aid n determing the Cause of loxcty wher more 
than one medication is being used 

Thyroid function tests have Deen reported te show decreased values wth Tegrete! 
admumsiered aione 

Hyponatremsa mas Deen reported in association win Tegretol use. ether aione er ti 
combination with other drugs 
Orug interactions: The simultaneous adminstratien of pnenobarb:ta! phenytoin or 
prmdane ot 2 comtaakon of two produces a marked ‘owering of serum ievels of 
Tegreto: The effect of valproic acid on Tegreto! biood ieveis ss not ciearly estabished 
although an snicrease in the ratio of achive 10. 11 -epaxde metabolite to parent compound :S 
a consistent bndang 

The hai s of phenytoin wartaen doxycychne and theophylline were sguhgantty 
shortened when administered concurrentiy with Tegretoi Haloperidol and vaiproxc acid 
serum ieveis may be reduced when these drugs are adm-vstered with Tegreto! The doses 
of these drugs may therefore nave to be increased when Tegreto! os added to the 
therapeute regener 

Concomitant adminstraton of Tegreto! erythromycin cimetidine propoxypnene: 
isoniazid or caicuum channe! biockers has been reported to result in elevated plasma teveis 
of carhamazegine resulting n tomcrty = some cases Aiso concomitant administration of 
carbamazepine and ettvum may increase the tsk of neurotoxic side effects 

Alterations of thyroid tunction nave been reported n combination therapy with other 
anbeonvyisal memcations 

Breakthrough bieeding has been reported among patents receving concomitant ara? 
contracephves and thes reirability may be adversery atfected 
Carcinogenesis. Mutagenesis, impairment of Fertility: Carbamazepine when admmms- 
tered t¢ Sprague-Dawiey rats for two years :n me diet at doses of 25 75 and 250 
mgfagiday resulted in a dose-reiat tease in the inedence of hepataceliuiat tumors n 
females and of benign interstitial ceii adenomas in the testes ot maies 

Carbamazepine must. therefore. be considered to de carcinogenic n Sprague-Dawiey 
rats Bactenai and mammalian mutagercity studies using carbamazepine produced 
negative resu'ts The significance of these findings relative to the use of carbamazepine :n 
humans 1S at present utknows 
Pregnancy Category C: Tegreto! nas been shows to nave adverse effects n reproduction 
Stuthes m fats when given orally n cosages 10-25 umes Ihe maximum numan daży dosage 
of 1200 mg fn rat teratoingy studies 2 of 135 offspring showed ionked nds at 250 mg/kg 
and 4 of 119 ottspniag at 650 mg/ag snowed other anomalies {cien palate t talipes. 1 
anophthaimos 2) in reproduction studies in rats nursing offspring demonstrated a lack 
of wegh! ga:n and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlied studies in pregnant women Epidemiolagica! 
data Suggest tat tere may be af association between the use of carbamazepine during 
pregnancy anc congenital malformations -aciuding spina bitida Tegretol shouid be used 
during pregnancy only if the potential benefit yustties the potential risk to the fetus 

Retrospechve case reviews suggest that compared with monotherapy. there may de a 
higher prevaience of teratogenic effects associated with the use of anticonvulsants 27 
combination therapy Therefore monotherapy ss recommended for pregnant women 

Its emportant to note that anbconvuisant drugs should not be discontinued n patents: 
in whom the drug iS administered to prevent major seizures because af the strong 
Dossidriity of precipitating status epiepteus wah attendant hypoxia and threat te hte in 
ondividuat cases where the seventy and trequency of the seizure disorder are Such mat 
remova! of medication does not pose a serious threat to {he patient discontiquaton of the 
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drug may de considered prior to and during pregnancy although it canno; be said with any 
contigence that even minor seizures do not pose some Nazard 19 the developing embryo or 
tetus 
Labor and Delivery: The effect o! Tegreto! on numan labor and delwery 's unkown 
Nursing Mothers: During !actztion concentration ot Tegretol in milk 1s approximately 60% 
of tne maternal piasma concentration 

Because of the potentia! for serous adverse reactions in nursing tants trom car 
bamazepine a decision shouid be made whetner to discontinue nursing or fo @scontinue 
the drug taking into account the importance of me drug to the mother 
Pediatric Use: Safety and effectiveness n cnadren below the age of 6 years Nave not been 
estabished 
ADVERSE REACTIONS 
R adverse reactions are of such Severity Mat the drug must De discontinued tne physician 
must be aware Mat abrupt discontinuation of any anticonvulsant drug <n a responsive 
epileptic patent may iead to sezures Or even status epvepticus with its ife-tnreatening 
Nazards 

The most severe adverse reactions have Deen observed in the Nemaposetic system iSee 
boxed WARNING). ine sion and the cardiovascular system 

The mos! frequently observed adverse reactions. particularly during the itia! phases ot 
therapy are dizziness. drowsiness unsteadiness Nausea. and vominng To mirumize tne 
possibility of such reactions therapy shouid be :s:tiated at the iow dosage recommended 

The fosiewsng additional adverse teactons Nave been reported 
Hemopovene System Aplastic anemia agranulocytosis pancytopenia bone marrow 
depression thrombocytopenia leukopenia. ieuKocylosis eosmapmia acute mtermittent 
poronyria 
Sian Prusbe and erythematous rashes. urtcana tome epiderma: necrolysis {Lyeli’s 
syndrome) (see WARNINGS). Stevens-Johnson syndrome (see WARNINGS). pnotosen- 
selety reachons. alterations in skin pigmentation. extoiiative derm: erythema mut- 
forme and nodosum. purpura aggravation of dissemnated iupus erythematosus 
alopecia and diaphoresis :n certan cases. discontinuation of therapy may De necessary 
Cardiovascular System Congestive near! fasure edema. aggravation of hypertension. 
Aypolensian syncope and collapse. aggravation of coronary artery Gisease arrnytnmias 
ang AV dick primary thrombopniebitss recurrence of thrombophiedt:s and adenopathy 
or ymphadenopathy 

Some of these cardiovascular compiications Nave resuited :n fataihes Myocardial 
intarchen nas been associated with oles trcycic compounds 
Liver Abnermaites in iwer function tests cholestatic and hepatoceliular saundice 
nepatins 
Respiratory System Pulmonary hypersensitivity characterized Dy tever dyspnea pneu- 
mons Gf pneumonia 
Geastournary System Unnary trequency acute unnary retenton ohguria with elevated 
diood pressure. azotemia renaitaiure. and impotence Albummunia giycosura. elevated 
BUN and microscopic deposits sn the urine nave also Deen reported 

Testicuiar atrophy occurred in rats receiving Tegretol orally from 4 t9 52 weeks at dosage 
seve's of 50 to 400 mg/kg/day Addtionatty rats recewing Tegretol :n Ine diet for two years 
at dosage ieveis of 25 75. and 250 mgrkg/day had a dose-related incidence of testicular 
atrophy and aspermatogeness in dogs € produced a brownish dscoioratien presum- 
ably a metabolite. in the urnary bladder at dosage ieveis of SO mg/kg and nigher 
Retevance of these findings to humans is unknown 
Nervous System Dizziness drowsiness. disturbances of coord:natson. contusion, heag- 
ache fatigue. Diutred vision. wisuai haliunnahons transient dipiopa oculomotor distur 
pances. tystagrnus speech disturbances abnormal involuntary movements. penpheral 
neuritis and parestnesias. depression with agitation taikakveness tinnitus. and 
Ayperacusis 

There nave been reports of associates paralysis and other symptoms of cerebral arterial 
insufhoency. but the exact reiatonsmp of these reactions to the drug nas not been 
estabisned 
Orgeshve System Nausea. vomibag. gasing distress and abdominal pan diarrhea 
comstipahon anorexia and dryness of the mouth and phatyox cluding glossitis and 
stomanns 
Eyes Scattered. punctate. cortical iens opacities. as weil as conjunctivitis nave been 
reported Although a direct causa reiatonsmp nas not been established many phe- 
nothiannes and related drugs have deen shown to cause eye changes 
Muscuroskeletal System Acting junts and muscies. and ieg cramps 
Metabolism Fever anc chiis inappropriate antdiureue hormone (ADH) secretion sya- 
drome has been reported Cases of frank water location wth decreased serum sodium 
ehyponatremsa} and confusion nave been reported n association wth Tegretol use (see 
PRECAUTIONS. Laboratory Tests} 
Other isolated cases of a iupys erythematosus-like syndrome Nave been reported There 
nave Deen occasiona: reports of elevated ieveis of chovestero: HOL cholesterol and 
ingiycendes N patents tak: 

A case of asepic Mening:ns accompaned by myocionus and penpnera: eosnophina 



































nas been reported in a patent ‘aking carbamazepine n combination with other medica- 
nons The patien! was successtuily dechallenged and the meningitis reappeared upon 
rechalienge with carbamazepine 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potentia: nas Deen associated with Tegreto!. sor 3s there evidence of 
psychoiog:cai of physica’ dependence in humans 
OVERDOSAGE 
Acute Toxicity 
Lowes! known iethai dose adults >60 g {3%-year-cid man} Highest known doses 
survived adults 30 g (31-year-old women}. children 10 g (G-year-oid boy). sma 
chidren 5g (2-year-aid gri) 

Grai LD $1 anemais (mg/kg) mice, 1100-3750: rats, 3850-4025. rabbits. 1500-2680 ry 
guinea pigs. 920 
Signs and Symptoms 
The brst signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent Card-ovascutar disorders are generally mider and severe cardiac Com- 
pircations occur only when very mgh doses {>60 g} nave been ingested 
Respuration irregular breattiag. respiratory depression 
Cardiovascular System TachycarGia. hypotension of Hypertension, shock conduction 
disorders 
Nervous System and Muscies impatment of consciousness ranging in severity to deep 
coma Convulsions especial'y on smail chidren Motor restiessness. muscular (witching 
tremor athetoig movements opisthotongs. atawa drmwsiness. dazmness mydriasis 
nystagmus adiadochckinewa. balsm. psychomotor disturbances. dysmetna M 
nyperrellexa toliowed dy hyporeflexia 
Gastrointestinal fract Nausea. vomiting 
Kidneys and Biadder Anura or Ongutia. canary teenuon 
Laboratory Findings isolated instances of overdosage nave :nciuded leukocytosis re- 
duced leukocyte coum! glycosuria and acetonuna EEG may show dysrhythmas 
Combined Porsoning When aiconoi. trieyciic antidepressants. barbiturates or nyganto:ns 
are taken at he same tme ‘he signs and symptoms of acute poisoning with Tegreto! may 
de aggravated or modted 
Treatment 
The prognosis in cases of Severe poisoning $ C! y dependent upon prompt elimination 
of he drug which may be achieved by inducing vomiting arrgating the stomach. and dy 
taking appropriate steps to diminish absorption it these measures Cannot be implemented 
wethiqut nsk on me spot. me patient shouid be transferred at once to a hospita! whe 
ensuring that vita! functions are sateguarded There is ao specite antidote 
Ehemnaton of the Drug induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed folowing ingest:on of Ine 
drug. the stomach should be repeatedly irrigated especially t the patent nas aiso 
consumed alconoi 
Measures to Reduce Absospion: Activated charcoa! iaxatves 
Measures to Accelerate Elurination Forced diuresis 

Dialysis ss sidicated oniy in severe poisoning associated with tenai failure Replacement 
transtusion +s indicated :n severe porsoning 1n smali chidren 
Respiratory Depression Keep the airways tree: resort. if necessary, to endotrachea! 
intubation artheia! respiration. and administration of oxygen 
Hypotension. Shock. Keep tne patients tegs raised and admincster a plasma expander It 
blood pressure fais to rise despite measures taken to increase piasma volume use of 
vasoactive Substances shouid be considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
chidren). hypotension and coma However, barbiturates shouid not be used it drugs that 
sntibit mongarnine oxdase have aiso been taken Dy the patient either n overdosage or i” 
recent therapy (within ore week) 
Surveillance. Respiration, cardiac function (ECG monitering!, Diood pressure body tem- 
perature pupiary retiexes and kidney and biadder tunction should De monitored tor 
severa! days 
Treatment of Btood Court Abnormaltes It evidence of significant bone marrow depres- 
sion develops ine toicwing recommendations are suggested (1) stop the drug (2) 
perform day CBC. piatetet and retcu-ocyte counts (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient trequency to monmlor recovery 

Special penodic studies might be neiptul as follows (1) wrote celi and piateiet ano- 
bodies 12) 59Fe—terrckinetic studies. (3) penpherai blood cell typing (4) cytogenenc 
studies on marrow and penphera! b:ood (5) bone marrow culture studies for colony» 
forming writs (6) nemagiobin eiectrapnores:s for Ap and F hemoglobin ang (7) serum 
foie acid and Byg ievets 

A fully developed amaste anemia will requite approprate intensive monitoring ang 
therapy. for which specialized consuitation shouid be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of bicod ievels nas increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests) Dosage shouid be adjusted 10 the needs of the individ- 
ua! patient A tow mitai daily dosage with a gradua! increase 1s advised AS soon as 
adequate contro! :5 achieved. the dosage may de reduced very gradually to the minemum 
effective levei Tablets should be taken with meais 
Epilepsy (see NO!CATIONS AND USAGE) 
Adults and children over 12 years of age—Initial: 200 mg 0i d increase at weenty 
intervais by adding up 10 200 mg per day using at: d or qi d regimen unhi the best 
response :s obtained Dosage shouid generaliy not exceed 1000 mg dally in children 12 to 
+S years ot age and 1200 mg daily 17 patients above 15 years of age Doses up 10 1600 mg 
daily Nave Deen used in aduits sn rare instances Maintenence: Adjust dosage to the 
minimum eftective ‘eve’. usually 800-1200 mg daity 
Children 6-12 years of age—-initiat: 100 mg b : d increase al weekly intervals Oy adding 
100 mg per day using at :d orq: g regimen unti the best responses obtained Dosage 
shouid generally not exceed 1000 mg Maintenance: Adjust dosage to tne miumum 
effective ieve: usually 400-800 mg dary 
Combination Therapy: Tegretol may de used alone or with other anticonvulsants Wher 
added to existing anticonvulsant merapy. the drug shouid be added graduaity whie the 
otfer anticonvulsants are maintained or gradually decreased. except phenyton which 
may have 10 be ncreased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
3) 
Trigeminal Neuratyia (see INDICATIONS AND USAGE) 
Initial: 100 mg d 1 don the first Cay for a tota! dariy dose of 200 mg This daily dose may 
de increased Dy up 10 200 mg a day us:ng increments of 100 mg every 12 Nours oniy as 
needed to achieve treedam trom pan Oo not exceed 1200 mg dany 
Maintenance: Control of pain can be maintained in most patents with 400 mg to 800 mg 
daily However. some patients may be maintained on as ittie as 200 mg dany whe orners® 
may require as mush as 1200 mg daily At ieas! once every 3 months throughout ine 
treatment period attempts shouid be made to reduce tne dose to the minimum ettectve 
tevel or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg-—round. red-speckied pink single-scored impnated Tegreto! 
on one side and $2 twice on the scored side) 
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. Magnetic Resonance Imaging White Matter Lesions 
and Cognitive Impairment in Hypertensive Individuals 


Reinhold Schmidt, MD; Franz Fazekas, MD; Hans Offenbacher, MD; Helene Lytwyn, PhD; Brigitte Blematl, MD; 
Kurt Niederkorn, MD; Susanna Horner, MD; Franz Payer, MD; Wolfgang Freidl, PhD 


@ To search for a morphologic basis of 
cognitive impairment possibly associated 
with essential hypertension, we studied 35 
otherwise asymptomatic hypertensive in- 
dividuals (mean age, 38.7 years; range, 22 
to 49 years) and 20 normotensive control 
subjects (mean age, 37.9 years; range, 26 
to 49 years) using neuropsychologic tests 
and magnetic resonance imaging. Irre- 
spective of drug treatment, hypertensive 


"individuals performed significantly worse 


than did control subjects when assessed 
for verbal memory and total learning and 
memory capacity, while there were no dif- 
ferences in test results of visual memory, 
attention, vigilance, and reaction time. 
The hypertensive individuais also de- 
scribed themselves as less active but 
tanked similar on five other mood sub- 
scales. Punctate high-signal intensities of 
the white matter were found almost twice 
as often in the hypertensive group (38%) 
as in the control group (20%). There was 
no difference in test performance be- 
tween hypertensive individuals with and 
those without white matter lesions, how- 
“ever. Our results confirm the presence of 
subtle neuropsychologic deficits and indi- 
cate a higher frequency of white matter 
signal abnormalities in essential hyperten- 
sion, as shown on magnetic resonance 
imaging, but do not indicate a correlation 
of these findings with each other. 
(Arch Neurol. 1991;48:417-420) 


S ubtle deficits in the neuropsycho- 
logic test performance of hyper- 
tensive individuals appearing asymp- 
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tomatic by standard clinical examina- 
tion and interview have been reported 
by numerous groups.'* The underlying 
mechanisms are still a matter of de- 
bate. “Functional” changes and/or pa- 
renchymal damage resulting from re- 
duced cerebral perfusion have been 
implicated.” 

The advent of magnetic resonance 
imaging (MRI) with its high sensitiv- 
ity for tissue changes should provide 
the appropriate tool for testing the 
morphologic hypothesis.'° So-called 
white matter lesions (WMLs) could 
represent the substrate looked for. 
These focal areas of high-signal inten- 
sity in the deep and subcortical white 
matter are an incidental finding on 
many MRI studies of both patients and 
neurologically asymptomatic indi- 
viduals." Hypertension is their main 
predictor besides age.” 

Recently, Rao and coworkers‘ found 
no association between WML and neu- 
ropsychologic performance when ex- 
amining healthy middle-aged volun- 
teers. Subjects with hypertension were 
excluded from their study, however, 
and the authors concede that the cause 
and consequence of hyperintense 
white matter foci on MRI could be dif- 
ferent for normotensive and hyperten- 
sive populations. 

In the light of these results, we 
wanted to determine if hypertension- 
related tissue damage can be detected 
by MRI and cognitive impairment, if 
present in the group of hypertensive 
individuals, can be explained on the 
basis of these findings. To exclude 
other factors known to be associated 
with impaired cognitive performance 
and/or parenchymal abnormalities of 
the brain, we studied asymptomatic 
young and middle-aged individuals 
with essential arterial hypertension 
only. 


SUBJECTS AND METHODS 
Subjects ; 
We studied 35 individuals (mean age, 


38.7 + 7.7 years; 26 men and nine women): <> 
suffering from essential hypertension. At- 


tendants of a preventive medical examina- 
tion program of the general regional health 
insurance company (Steiermdrkische Ge- 
bietskrankenkasse, Graz, Austria) below 50. 
years of age who had had blood pressure 
readings greater than 160 mm Hg systolic — 
and/or greater than 95 mm Hg diastolic at 
two independent visits or one reading above 
these limits and a history of hypertension 
were asked to participate in the study and 
were admitted to the Department of Nei- 


rology. Only those without clinical evidence’. 
of cardiovascular and/or cerebrovascular 


disease, diabetes mellitus, or other neuro-  . 
logic, psychiatric, or systemic disorders 
possibly associated with cognitive impair- 
ment or cerebral damage were then entered 
into the study. Subjects with a history of 
head injury and alcohol or drug abuse were 
not eligible for the same reasons. 

In the study group the interval between 
the first diagnosis of hypertension and en- 
rollment ranged from 1 to 139 months 
(mean, 74 months). Twenty-three subjects 
were treated with low-dose 8-blockers (50- 
mg metoprolol, eight patients; 100-mg me- 
toprolol,.10 patients; 50-mg atenolol; three 
patients; 100-mg celiprolol, one patient; and 
5-mg carazolol, one patient). One patient 
received a combination of 0.4-mg dihydro- 
ergocristin mesylate, 2.5-mg clopamide, 
and 0.05-mg reserpine. Eleven individuals 
had not been taking medication for at least 
1 month prior to the study. 

The control group consisted of 20 volun- 
teers (mean age, 37.9 + 4.7 years; 13 men 
and seven women) from a field study on the 
incidence of cerebrovascular risk factors in 
Graz and the surrounding area, which was 


performed at the same time. They had to’ < 


meet the same selection criteria as de- 
scribed for the hypertensive group, except 
for a negative history of hypertension and 
blood pressure recordings less than 140/85 
mm Hg at two independent visits. 

The demographic data of both groups and 
their blood pressure readings at the time of 
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Table 1.—Demographic Data and Blood Pressure Recordings at the Time of the Study 


Hypertensive Subjects 





























SILT TO ee ae aT Control 

All Treated Untreated Subjects 

Demographic Data _ (n = 35) (n = 24) (n= 11) {n = 20) 
Age range, y 22-49 28-49 22-49 26-49 

Mean (SD) age, y 38.7 (7.7) 39.1 (7.2) 35.5 (8.8) — 37947) 

Mean (SD) education, y 9.6 (2.7) 9.4 (2.2) 10.1 (3.5) 9.8 (2.9) 








Mean (SD) blood pressure, mm Hg 
149.9 (18.6)* 


147.3 17.3)" 


152.7 (14.7)* 123.5 (10.4) 





Diastolic 99.4 (11,7)" 
*Duncan t test, P< .01 vs control subjects. 








the MRI study are displayed in Table 1. All 
study subjects were right-handed. 


Neuropsychologic Testing 


We tested memory and learning abilities 
| (Baumler’s Lern- und Gedachtnistest-LGT 
3”), attention (d2 test”), vigilance and re- 
action time (computerized system by Qua- 
tember and Maly‘), and mood (adjective 
list of Janke and Debus”). This battery was 
always administered in the same order and 
under the same laboratory conditions by 
one neuropsychologist unaware of the indi- 
vidual’s diagnosis and MRI findings. All 
tests have been widely used for the assess- 
ment of normal populations in the German- 
language area. 

Briefly, the Baumler’s Lern- und Ge- 
dachtnistest (LGT 3) is a highly demanding 
test for learning capacity and intermediate 
memory. It is a paper-pencil procedure and 
eonsists of six subtests. Three subtests 
(word and digit association tasks and story 
recall} assess verbal memory, and two 
subtests screen visuospatial memory (trail 
and design recall). The sum of weighted 
scores from these subtests and of an image 
recognition paradigm results in the total 
learning and memory performance score. 

The d2 test is a letter identification test 
examining visual attention. The number of 
items correctly identified within 21 seconds 
per line is recorded. The distribution of er- 
rors among a total of 14 lines reflects atten- 
tion span. 

Vigilance and reaction time were deter- 
mined with a computerized system devel- 
oped by Quatember and Maly.” The indi- 
vidual is requested to identify changes in a 
sequence of light flashes, and the time 
needed for response is termed reaction 
time. 

The test of Janke and Debus” is a self- 
administered questionnaire consisting of 
136 adjectives describing states of activa- 
tion, extro-introversion, well-being, emo- 
tional stress, and anxiety. 


Magnetic Resonance Imaging 


The MRI was performed with a 1.5-Tesla 
superconducting magnet (Gyrosean S 15, 
Philips, Eindhoven, the Netherlands) and 
the spin-echo technique. Sagittal T,- 
weighted (TR/TE, 600/30 milliseconds) and 
axial proton density and T,-weighted 
(TR/TE, 1800 to 2500/30 and 60 millisec- 
onds} scans were obtained with a slice 
thickness of 5 mm. These images were 
reviewed for signal abnormalities and ce- 
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98.6 (9.79)* 


101.8 (9.05) * 80.6 (2.9) 





rebral atrophy in a blinded fashion by ran- 
domly mixing the scans of control subjects 
and of 32 hypertensive patients (two pa- 
tients were not scanned, and one set of im- 
ages was excluded because of poor quality). 
Sulcal and ventricular enlargements were 
graded as not present, mild, moderate, or 
severe. 


Statistical Analysis 


Calculations were performed with the 
microcomputer version of the Statistical 
Package for Social Sciences.’ One-way 
analysis of variance was employed first and 
the Duncan ¢ test was used to ascertain sig- 
nificant differences between groups. Fre- 
quency distributions were compared by 
means of Fisher’s Exact Test. 


RESULTS 
MRI Findings 


Punctate hyperintense foci in the 
deep and subcortical white matter 
were the only signal abnormalities 
present on MRI scans of both groups 
(Figure). They were found almost 
twice as often in hypertensive patients 
as in control subjects (Table 2). The 
number of WMLs ranged from one to 
four (mean, 2.3) in normotensive indi- 
viduals and from one to 19 (mean, 4.3) 
in hypertensive subjects. These differ- 
ences did not reach statistical signifi- 
cance, however. Cortical and ventricu- 
lar atrophies were found equally often 
in both groups (Table 2). The extent of 
atrophy was mild in most cases, except 
for one individual in each group witha 
moderate ventricular enlargement. 


Neuropsychologic Testing 


The hypertensive individuals per- 
formed worse than control subjects in 
almost all tests. Significant differ- 
ences were reached with respect to the 
verbal memory and the total learning 
and memory scores (P < .05). This was 
true for both treated and untreated 
hypertensive subjects. An analysis for 
dose-dependent effects of the 6-blocker 
most frequently used in our study 
group (metoprolol)-revealed no signif- 
icant differences in neuropsychologic 
performance of individuals on a 50-mg 
or 100-mg metoprolol regimen. 









The proton density magnetic resonance imag- 
ing sequence reveals multiple punctate hyper- 
intense lesions in the deep and subcortical 
white matter of a 45-year-old hypertensive 
woman. 


Treated and untreated hypertensive 
subjects reported significantly lower 
degrees of activation (Table 3). 

A comparison between hypertensive 
subjects with and without WML did 
not yield significantly different scores” 
for any of the test items (Table 4). 
Analysis of potentially confounding 
factors in both groups revealed match- 
ing with respect to sex and length of 
education. Age was. significantly 
higher in hypertensive subjects with 
WML (Table 4). The proportions of 
untreated patients (29% vs 35%) and 
of those receiving lipophilie (54% vs 
60%) or hydrophilic (9%: vs 5%): 6- 
blockers in the samples with and with- 
out WML were comparable, with one 
patient with WML receiving a drug 
combination (8% ). 


COMMENT 4 


In this study, clinically normal-ap- 
pearing individuals below 50 years of 
age with essential arterial hyperten- 
sion obtained significantly lower 
scores than normotensive control sub- 
jects for overall memory performance 
and learning capacity and on subscales 
assessing verbal mnemonic abilities. 
Our data, thus, confirm that neurepsy- > 
chologic testing may reveal unex- 
pected cognitive impairment in such 
hypertensive populations.** 

Several reports indicate either im- 
provement or impairment of cognitive 
performance from 6-blockers.“ The 
differences in test results observed be- - 
tween normotensive and hypertensive 
subjects in this study, however, cannot 
be explained on the basis of drug ef- 
fects. Hypertensive subjects with and 
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Table 2.—Incidence of Abnormal 
Magnetic Resonance Imaging 
Findings 





Subjects, No. (%) 
F ooameeamanenennamenntiameemmmmmmemmanien! 











Hyper- Normo- 
tensive tensive 
; {n = 32) {n = 20) 
White matter lesions 12 (38) 4 (20) 
‘ Cortical atrophy 5 (15) 5 (25) 


Ventricular atrophy 3 (9) 3 (18) 





without medication performed equally 
„poorly. Moreover, a major drug influ- 
«ence is unlikely as dosages of B-block- 
zers in our patients were in the low 
- range, while cognitive alterations have 
_ been noted rather with high-dose reg- 
imens. The proportion of patients re- 
- cẹiving lipophilic 8-blockers, predomi- 
nantly incriminated for cognitive side 
effects because of their brain affinity, 
was small compared with that of hy- 
pertensive subjects treated with sub- 
stances of the hydrophilic type. Dose 
dependency of neuropsychologic im- 
pairment was not noted in the most 
frequently used representative of the 
< latter. A comparable length of educa- 
‘` tion in hypertensive patients and con- 
trol subjects excludes a distortion of 
“our finding by this factor as well.* 
The mood questionnaire revealed 
significantly lower levels of activation 
for hypertensive individuals than for 
control subjects. A negative effect on 
mood state and personality from the 
recognition of worse cognitive perfor- 
mance has been suggested by Shapiro 
et al.” Conversely, a reduced state of 
activation as present in our hyperten- 
sive patients could deteriorate test 
performance and might have affected 
cognitive testing. 
To our knowledge, it is the first time 
*that MRI was used to look for a mor- 
«phologic basis of subtle neuropsycho- 
logic alterations in otherwise asymp- 
tomatic. hypertensive individuals. 
Punctate high-signal intensity lesions 
in the deep and subcortical white mat- 
ter were noted in more than one third 
of this population, and this was almost 
twice as often as in normotensive con- 
trol subjects. Recent histopathological 
studies indicate atrophic perivascular 
demyelination and gliosis resulting 
from focally insufficient nutrition 
around small vessels* and/or frank 
lacunar white matter infarcts’’* as 
the predominant correlate of such sig- 
«nal abnormalities. They could, thus, be 
va first step toward hypertensive sub- 
„cortical arteriosclerotic encephalopa- 
thy, whichis frequently associated 
-with dementia.” The comparison of 
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Table 3.—Neuropsychologic Test Results* ag 






emae e, 





Subjects 










Hypertensive 
aaa aaaeeeaa T 






































































































































































memory performance; WMR, wrong and missed reactions; 
well-being; ES, emotional stress; E/1, extro-introversion; 


tDuncan ż test, P < .05 {in comparison with control subjects). 








Normotensive Aull Treated Untreated | 
{n = 20) (n = 35) (n = 24) in= 11) 
Learning and memory test 
(LGT 3") scores 
VSM 44.5 (10.8) 40.6 (9.4) 40.2 (7.8) 41,5 (12.3). 
VM 37.7 (6.8) 31.6(10.8)t 31.9 (12.4)t 31.1 (6.8)t 
TLMP 34.9 (7.4) 28.1 (8.5) 27.4 (8.8)t 29.6 '(8.2)t 
Visual attention (d2 test’), 
No. of 
Correctly identified items 442.7 (79.7) 407.2 (82.2) 410.7 (84.8) 399.9 (79.9) 
Falsely identified items 25.4 (19.9) 27.0 (27.1) 29.9 (29.9) 20.7 (19:8). 
Errors 
Lines 1-4 7.2 (6.9) 6.0 (6.2) 6.7 (6.9) 4A (4.1): 
Lines 5-10 10.4 (8.1) 13.0 (14.0) 14.3 (14.8) 10.3- (12:2) 
Lines 11-14 8.2 (8.2) 8.0 (8.0) 8.8 (9.8) 6.5 (6.7) 
Vigilance and reaction time?' 
WMR 4.2 (2.7) 6.3 (12.5) 4.7 (4.6) 9.7 (24.2) 
RT, ms 413.1 (60.8) 437.1 (73.9) 438.9 (72.8) 433.3 (79.5) 
Mood questionnaire? scores 
AC 20.5 (3.8) 17.8 (4.4)t _ 18.4 (3.6)t 16.5 (5.8)t 
D 3.2 (2.9) 3.9 (3.7) 3.6 (3.9) 
WB 14.0 (6.9) 14.6 (5.9) 14.6 (6.1) 14.6 (7.8) 
ES 7.3 (5.5) 7.8 (8.0) 7.9 (5.1) 
8.4 (2.0) 8.4 (2.0) 8.6 (1.9) 8.1 (2.5) 
9.4 (6.7) 9.7 (5.7) 8.9 (4,8) 11,4 (7.1) 





* Values are mean (SD). VSM indicates visuospatial memory; VM, verbal memory; TLMP, total learning and 


Table 4.—Neuropsychologic Test Results in Hypertensive Subjects With and Without 
White Matter Lesions * 


White Matter Lesions 
rr rrr, 




















RT, reaction time; AC, activation; D, deactivation; WB, 
and A, anxiety. 


































































































































9.7 (5.3) 


*Values are mean (SD). NS indicates not significant: 
+Duncan t test. 


hypertensive subjects with and with- 
out WML did not reveal a significant 
difference on any of the administered 
neuropsychologic tests, however. A 
mismatch of both groups with respect 
to sex, length of edueation, or type of 










Present (n = 12) Absent (n = 20) 
M/F 9/3 
Age, y 43.3 (5.6) 35.8 (9.3) 
Education, y 9.5 (2.9) 9.4 (2.8) 
Learning and memory test (LGT 3'*) 
VSM 41.2 (9.2) 40.2 (11.0) 
VM 30.3 (7.5) 33.9 (15.3) 
TLMP 28.5 (9.3) 27.6 (8.3) 
Visual attention (d2 test?) 
Correctly identified items 408.2 (79.7) 407.3 (97,6) 
Falsely identified items 21.6 (16.0) 28.4 (22.2) 
Vigilance and reaction ime” 
WMR §.2 (8.4) 4.7 (3.7) NS 
RT, ms 451.2 (77.9) 423.2 (24.7) NS 
Mood questionnaire* 
AC 17.5 (4.9) 18.5.(4.1) 
D 4.4 (4.0) 3.9 (3.6) 
WB 13.6 (6.4) 16.0 (5.5) 
ES 8.8 (4.7) 7.6 (5.5) 
EA 8.4 (2.2) 8.7 (1.8) _ 





11.2 (6.2) 
see Table 3 for explanation of other abbreviations. 


treatment that might have caused a 
false-negative finding could not be sub- 
stantiated. Age was significantly 
higher in the group of hypertensive - 

subjects with WML. This is not unex- 
pected as Awad et al? identified both- 
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‘age and hypertension as the most im- 
portant predictors of incidental MRI 
hyperintensities. With respect to cog- 

-nitive testing, however, the higher 

mean age of hypertensive subjects 
“with WML should have rather en- 
hanced a worse performance than 
masked it. 

>o It, therefore, appears that the type 
of MRI lesions observed in this study 
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< eannot be implicated in the cognitive. 


impairment noted. Moreover, white 
matter changes described in MRI of 
vascular dementia and seen in cases 
with pathologically proved Bins- 
wanger’s disease have been reported as 
more extensive, sometimes involving 
almost the entire periventricular and 
deep white matter." 

As the frequency of atrophy was also 
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Visual Art in the Neurologic Career 
_of Jean-Martin Charcot 


Christopher G. Goetz, MD 


@ Jean-Martin Charcot, the world’s first 
chaired professor of neurology, incorpo- 
rated visual art into his daily practice of 
neurology. Art served as scientific docu- 
mentation and was a pivotal tool in the de- 

» velopment and dissemination of Charcot’s 
clinicoanatomic method. Although Char- 

` cot drew extensively in clinical and labo- 

ratory studies, very few of these visual 
“documents have ever been published or 

are currently available for public study. 
Charcot was central to the incorporation 
of medical photographs into the study of 
neurologic disease and relied heavily on 
visual material in his capacity as an inter- 
national teacher. Art aiso misguided Char- 
cot’s career when he relied heavily on art- 
work in his attempt to convince critics that 
disorders seen at the Salpétriére Hospital, 
Paris, France, were independent of his 
suggestive influence. 

(Arch Neurol. 1991;48:42 1-425) 


AS a physician at the Salpétriére 
“* Hospital, Paris, France, and the 
world’s first chaired professor of neu- 
rology, Jean-Martin Charcot consid- 
ered art and science to be pivotally 
complementary in his effort to de- 
scribe and categorize neurologic dis- 
ease. Science nourished art as Charcot 
used his own patients as models in his 
neurologic sketches and photographs; 
art nourished neurology as Charcot 
used art objects from past ages to con- 
vince critics that certain of the disor- 
ders he sometimes described were nei- 
F ther. new nor of his own creation. 
r Accepted for publication September 13, 1990. 
<i “From the Department.of Neurological Sciences, 
< Rush-Presbyterian-St- Luke's Medical Center, 
Chicago, UI 
"Reprints not available. 
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Charcot’s incorporation of art into 
neurology guided and misguided his 
individual career and established a vi- 
sual tradition in neurologic study that 
persists today, although in new tech- 
nologic forms. 


ART AS SCIENTIFIC DOCUMENTATION 


Charcot’s dual devotion to art and 
science was reportedly lifelong, and he 
had wrestled between medicine and 
art as careers.' Charcot finally chose 
medicine and enrolled in the national 
medical school in Paris in 1842. There 
is almost no documentation of his stu- 
dent years, and his first known medical 
drawings date from when Charcot 
came to the Salpétriére as a junior 
faculty member. Almost none of Char- 
cot’s clinical drawings have ever been 
published, and they are not available 
for public viewing. 

After arriving at the Salpétriére, 
Charcot’s first task was to examine and 
categorize the thousands of patients 
haphazardly housed together through- 
out the walled hospital village of the 
Salpétriére. With his colleague, Vulpi- 
an, Charcot gathered a massive clini- 
cal database of neurologic and geriat- 
ric diseases. This material became the 
core of Charcot’s clinicoanatomic 
method, the hallmark of his Salpét- 
riére school.’ 

The two-step clinicoanatomic 
method involved artistic documenta- 
tion in both phases. The first step 
focused on clinical description of neu- 
rologic disease, and Charcot’s patient 
drawings documented the static defor- 
mities of chronic cases as well as-evolv- 
ing signs of acute illnesses. Whereas 
the notes accompanying the drawings 


were often long-winded, the drawings © 


rapidly communicated’ a` patient’s 


changing neurologic state (Fig 1). Us- 


ing art, Charcot documented unusual 
cases of dramatic amputees, pock- 


marked victims, and contracted hemi- 


plegics as well as more typical cases of | 
vascular and neurodegenerative dis- 


eases (Fig 2). : 

The second step of the clinicoana- 
tomic method, which focused on ana- 
tomic and microscopic analyses, oc- 
curred after the patient died. Here, 


-y 


too, Charcot used his artistic skills and 


later engaged professional artists. He 


traced lesions throughout the neuraxis ` 


and documented vascular anomalies in 
detail (Fig 3). His early drawings were 
among the first to document. the mi- 


croscopic changes of multiple sclerosis. 


and the spinal changes of amyotrophic 
lateral sclerosis (Fig 4). 


Charcot’s self-appointed charge was 
to be an objective observer, articulate. 


and clear, independent of preconceived 
prejudice or expectation.’ His personal 


artistic preferences focused primarily 


on the Dutch masters, whose realism 
revealed the world with simplicity and 


unadorned clarity.* His own personal 


artistic style reflected his. scientific. 


approach to clinical neurology, His — 


most distinguishing clinical charac- 
teristic was a keen ability to see the 


essential features of diseases, culling . 


them from among the confusion of de- 


tail. He likewise sketched with an 


economy of line that permitted view- 


ers to grasp essential features at a 


glance: Whereas his artworks showed 


little artistic refinement, they were ef- 


fective documents of immediate visual 


impact. He drew patients wherever he... 
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Fig 1.—A drawing from a series of sketches in the hospital record of a patient with a cerebrovas- 
cular accident, stressing here the head and eye deviation with prominence of the sternocleido- 
mastoid muscle (original drawing in Bibliothèque Charcot, Salpêtrière Hospital, Paris, France). 





Fig 2.—Patient with decerebrate rigidity (original drawing in Bibliothèque Charcot, Salpêtrière 
Hospital, Paris, France). 


saw them, and even when he was on 
vacation or on foreign travel, neuro- 
logic disease did not escape his eyes. 
For example, he sketched a North Af- 
rican with Parkinson’s disease, cap- 
turing in his hasty strokes the hand 
posture, body attitude, joint deformi- 
ties, and masked facies typical of the 
disease (Fig 5). 


CHARCOT AND PHOTOGRAPHY 


Charcot’s artistic interests were un- 
doubtedly at the core of his immediate 
appreciation of the new art of photog- 
raphy. Under his direction, a photo- 
graphic service at the Salpétriére was 
established ‘by Londe,’ and patients 
were regularly photographed as part 
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of their neurologic evaluation. 
Whereas those with static findings 
were photographed only once or twice 
at different angles, the photographers 
became increasingly adept at docu- 
menting dynamic disorders with se- 
quential and time-lapse photography 
methods (Fig 6). Charcot even spoke of 
himself in photographic terms: “I only 
observe, nothing more,” and “I am a 
photographer.”* 

The Salpétriére photographs were 
printed on positive silver plates, and 
several thousands of them were gen- 
erated during Charcot’s career. Some 
of these and many more from the 
period after Charcot’s death are today 
housed in the Countway Medical Li- 


brary, Boston, Mass. Such pictorial 


documents formed the foundation: of 


two of Charcot’s major neurologic en- 


terprises, the Iconographie Photo- ¢. 


4 


* 


graphique and the Nouvelle Iconogra- 
phie de la Salpétrigre. The former was 
a limited edition of hand-pasted pho- 
tographs documenting the various dis- 
orders, primarily epilepsy and hyste- 
ria, seen in the Charcot service. The 
latter replaced this set with a larger 
circulation journal with neurologic ar- 
ticles based specifically on photo- 
graphic or artistic documentation. In 
the introduction of the first volume of 
the Nouvelle Iconographie de la Sal- 
petriere, the editors wrote: 


When a patient demonstrates signs of par- 
ticular interest—various atrophies, con- 
tractures, special postures or deformities — 
he is immediately drawn or photographed. 
With the aid of this immediate record, we 
are able to freeze the abnormality, to de- 
compose the various abnormal movements 
one by one, and thereby capture the disor- 
der with precision. These vignettes from 
the Salpétriére complement the clinical ex- 
amination to form a collection of great 
significance.’ 


Contemporary journals based on pho- 


i 


w 


tography or videotape (eg, Movement xt 


Disorders) are modern descendants of — 


this Charcot tradition. 


ART AND TEACHING 


The incorporation of an artistic ef- 
fort in the Charcot service had impor- 
tant consequences not directly linked 
to scientific documentation. Visual 
material, by nature, extends beyond 
language barriers and bypasses tech- 
nical medical terminology. It can at- 
tract attention and provoke inquiry 
that might be passed over in a dry ač- 
count of written neurologic descrip- 
tion. When Charcot started his faculty 


Salpêtrière was considered far from 
central Paris and that it carried the 
stigma of an academic wasteland, “an 
exile in a lost land where the patholo- 
gists and clinician had very little to 
see.”* To attract students, Charcot 
compiled a series of rehearsed-to-per- 
fection lessons on selected medical top- 
ics. He incorporated all his resources 
in these efforts, and each year their 
appeal grew wider. His drawings, 
charts, and theoretical. constructs 
were presented in multicolored spec- 
tacle. Fifteen years before the better 
known aphasia diagrams of Lichteim 


were created, Charcot presented his J 
audience with an elaborate series of. 


drawings involving a bell as the cen- 
tral theme (Fig 7). Charcot was among 
the first teachers to use slide projec- 
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career, he was acutely aware that the*. 
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Fig 3.—Charcot’s autopsy diagram of an aneurysm, drawn in red and black, and accompanying 
clinical notes and medical drawings of the patient (original drawing in Bibliothèque Charcot, Sal- 


pétriére Hospital, Paris, France). 





Fig 6.—-Londe® photographing a patient in her room at the Salpêtrière Hospital, Paris, France. The 
photographic service was a regular part of the neurologic evaluation and research effort under 
Charcot’s direction (from La Nature, No. 536; Paris, France: Bureaux du Progrès Médical; 1892. 


tors in his classroom. He brought stat- 
ues, photographs, and patients them- 
selves as visual documents. He also 
was an excellent mime and recreated 
clinical syndromes for his audience, 
«including gait abnormalities, parkin- 
‘sonism, tic disorders, and various 
‘types of weakness.” 

Charcot’s reputation of magnetic 
presentations extended beyond the 
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Paris medical system to the foreign 
medical world and to nonmedical Paris 
society. Especially in the 1880s and in 
his last years, Charcot’s classroom was 
a mélange of doctors from eastern and 
western Europe and the Americas, as 
well as Parisian artists, journalists, 
politicians, and social commentators. 
For many of these people, whose fa- 
miliarity with French or with medi- 








Fig 4.—-Denuded axons and maintained neu- 
rons in multiple sclerosis. Drawn by Charcot 
and published in his Oeuvres Compiétes. 





Fig 5.—A drawing by Charcot of a Moroccan 
with Parkinson's disease (1889). ‘I have seen 
such patients everywhere, in Rome, Amster- 
dam, Spain, always the same picture," 


cine was weak, the visual material was 
undoubtedly pivotal to effective com- 
munication. As the American Alan 
Starr recalled when he first saw Char- 
cot in a classroom: 


But grant that it was theatrical; it left on 
the mind of the student a series of mental 
pictures of patients and of lessons which no 
amount of private study could possibly pro- 
duce. It taught man so that they could not 
fail to remember; and what higher result 
can a teacher wish?’ 


Clearly Charcot was not the first or 
the only investigator to use medical il- 
lustration and visual arts as a means 
of medical documentation. His con- 
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Fig 7.—Diagram of a bell used by Charcot in 
his presentations on aphasia. IC indicates 
center for ideas; CAC, auditory center; CVC, 
visual center; CAM, auditory center for words; 
CVM, visual center for words; CPM, phonetic 
center for words; and CGM, graphic center for 
words.” 





ARCOT & RICHER 


Fig 8.—Cover from Charcot’s and Richer’s 
Demonics in Art, showing one of the drawings 
used by the authors to support their thesis that 
hysterical epileptic fits were not a new disorder 
nor were they behaviors found only, or pre- 
dominantly, at the Salpétriére Hospital, Paris, 
France. 


Fig 9.—A clinical lesson at the Salpêtrière Hospital, Paris, France, by Brouillet, prepared for the 
1887 Paris Salon and showing Charcot, Babinski, Marie, Tourette, and other physicians, as well 
as artists, social commentators, and government officials in attendance. 


temporaries Gowers and Hughlings 
Jackson included their own medical 
drawings in their text. Charcot, how- 
ever, used visual arts in every aspect of 
his daily work effort. Art at the Sal- 
pétriére was inseparable from the sci- 
entific effort and was as much the em- 
bodiment of the  clinicoanatomic 
method as any other neurologic activ- 
ity under Charcot’s direction. 
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ART AS SCIENTIFIC JUSTIFICATION 


In the sphere of organic neurology, 
Charcot’s clinicoanatomic method met 
with repeated successes and estab- 
lished him and his school as the inter- 
national pillars of clinical neurology. 
In the 1870s and thereafter, however, 
he increasingly devoted his attention 
to hysteria, a topic that had haunted 





Fig 10.—-Charcot and his patients. This picture 
was on the cover of the Paris tabloid Revue I- 
lustrée and shows the extent to which Charcot 
became a popularized figure in nonmedical so- 
ciety (from Countway Medical Library, Harvard 
University, Boston, Mass). 


and befuddled physicians before | 
him.'*! In working with hysteria and ** 
attempting to apply the clinicoana- 
tomic method to a condition with an 
elusive lesion, Charcot drifted in the 
eyes of his contemporaries. Visiting 
physicians did not recognize the spells 
he demonstrated in the amphitheater 
of the Salpétriére, and, because the 
spells were too dramatic to be missed 
if they actually existed elsewhere, crit- 
ics contended that they must be 
feigned or created by Charcot’s own 
powerful suggestion. Charcot was 
keenly aware that hysteroepilepsy be- 
came derisively known as the Salpét- 
rière illness.* 


To address this criticism and rescue*. t 


his compromised scientific reputation, 
Charcot called on art in a way he had 
never previously used it. While lectur- 
ing to his students that hysteria “must 
henceforth become a household 
word,” he looked to art to demon- 
strate that the behaviors he saw were 
independent of him. He went outside 
the Salpétriére, beyond medicine, and 
indeed out of the time constraints of 
his own era to justify his stand that the 
signs of hysteria were implicit to the 
disease and not to the observer. At a 
time when he relegated much of his 
publication material to students, he 
embarked on two major works on neu-, 
rologie disease in art, The Disease and 
Deformed in Art and The Demonics in 
Art, both largely focusing on hysteria 
(Fig 8). These works were pointedly 
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aimed at repudiating suspicions of ma- 
nipulation of falsification of clinical 
medicine. 
In them, Charcot demonstrated that 
y behaviors similar to those seen at the 
Salpétriére could be found in medieval 
and ‘mannerist paintings and other 
-artworks depicting demonic posses- 
‘sion or spiritual ecstacy. Charcot, how- 
ever, did not succeed in accomplishing 
“his goal, and he did not convince scien- 
tific skeptics that his personality was 
not intimately connected to the behav- 
iors seen at the Salpêtrière.” In fact, 
Charcot’s mere reliance on religious 
art that was doubtfully conceived or 
--executed with objectivity as its guiding 
force and the glaring lack of historical 
_ or genre painting to support his thesis 
: suggest a certain intellectual despera- 
-tion ina man otherwise so perceptu- 
ally acute. In the end, Charcot appar- 
“ently recognized that his efforts had 
failed. The last night he worked on 
scientific material before he died, he 
reportedly told Guinon'*: “Our concep- 
tion of hysteria has become obsolete. A 
total revamping of this area of neuro- 
logic disease is required.” 


ART AS SOCIAL VEHICLE 


In spite of his failure to justify sci- 
entific credibility through art, Char- 
< eot’s artistic projects were of signifi- 
` cant personal and social benefit. With 
them, he effectively presented himself 

as a multitalented and culturally so- 
‘phisticated man. The importance of 
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this dimension to his career should not 
be underestimated, for Charcot came 
from very humble origins. If a certain 
underlying cultural insecurity existed, 
his extensive literary references to po- 
etry and Shakespeare and his artistic 
allusions that spanned the centuries of 
western culture obviously helped 
Charcot to present himself as a man of 
Renaissance dimension? He also 
posed as the focal point for an im- 
mense group portrait by Brouillet, “A 
Clinical Lesson at the Salpêtrière” 
(Fig 9), a painting that became part of 
the celebrated 1887 Paris Salon, the 
focal point of artistic Paris at the 
time. His name was known to the 
public, and he was even pictured on the 
cover of a popular street tabloid sur- 
rounded by his patients (Fig 10). These 
documents demonstrate that by the 
close of his career, Charcot, the Sal- 
pétriére, and neurology had entered 
into the current social consciousness of 
the time. In these ways, art served 
Charcot directly to broaden his image 
and to solidify him as a cultural as well 
as a scientific figure of French society 
in the glittering close of the 19th cen- 
tury. Without this dimension and the 
close political ties that Charcot culti- 
vated with Gambetta and other gov- 
ernmental figures of the third French 
Republic, one could question whether 
the original chair of neurologic dis- 
eases would ever have been established 
as early as 1882, and specifically in 
Paris at the Salpétriére. 
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CHARCOT’S NEUROLOGIC ARTISTIC 
LEGACY l 


In 1893, when Charcot died; the Sal- 
pêtrière service included artists, sculp- 
tors, photographers, and a team of 
young neurologists well versed in vi- 
sual documentation. Thereafter, the 
photographic wing actively continued 
for several generations, and the Nou- 
velle Iconographie de la Salpétrizre 
was published until 1929. In the 1950s 
however, the Charcot Museum, with 
its extensive documentation of the Sal- 
pétriére. visual effort, was. dissolved 
and the collection was lost or- 
dispersed.’ A pivotal investment in vi- 
sual medical documentation is no 
longer specifically linked to the Salpét-. 
rière, nor has it been for the past 70 
years, and more recent international 
generations have developed innovative | 
applications of scanning devices, vid- 
eotaping, and other technologies that - 
continue Charcot’s tradition of visual 
neurologic documentation. These tech- 
niques are pivotal to the continued ap- 
plication of the clinicoanatomic neu- 
rologic method and to the refinement 
of modern neurologic nosology. As the 
centenary of Charcot’s death ap- 
proaches and the neurologic world in- 
vests increasingly in reexamining | 
written legacy, the “visual Charcot’ 
deserves emphasis because it coalesce 
neurologist, teacher, social figure, and _ 
private citizen without needed gram- 
matical translation or language study. 
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Observations 


Internal Capsule Plaque and Tonic Spasms 


in Multiple Sclerosis 


Davide Maimone, MD; Anthony T. Reder, MD; Francesco Finocchiaro, MD; Egidio Recupero, MD 


@ A patient developed hemilateral tonic 
spasms associated with a relapse of mul- 
tiple sclerosis. An area of demyelination in 
the right internal capsule was observed on 
a magnetic resonance imaging scan. This 
lesion was not detectable on a second 
magnetic resonance imaging scan 10 

+ months after the spasms had ceased. Par- 
-oxysmal. symptoms in multiple sclerosis 
‘may represent transient phenomena re- 

fated to inflammation in acute plaques. 

(Arch Neurol. 1991;48:427-429) 


Paroxysmal symptoms in multiple 

sclerosis (MS) include trigeminal 
neuralgia; dysarthria; ataxia; tonic 
spasms, or “paroxysmal dystonia”; 
akinesia; and painful paresthesias.' 
These transient disturbances are 
sometimes the initial manifestation of 
the disease and usually disappear after 
several weeks.’ 

It has been postulated that the caus- 

“ ative lesions are strategically localized 

in the ‘spinal cord or brain stem.** 

` However, plaques in the contralateral 
hemispheric white matter can also be 
associated with tonie spasms.** 

We describe a young woman with 
definite MS’ who developed unilateral 
tonic spasms associated with a plaque 
in the contralateral internal capsule. 
After the attacks resolved, the lesion 
was no longer evident on magnetic 
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resonance imaging (MRI) scan, show- 
ing that tonic spasms in MS may result 
from plaques located above the brain 
stem. Paroxysmal symptoms in MS are 
more likely to occur during active de- 
myelination and may be secondary to 
axonal irritation by lymphokines. 


REPORT OF A CASE 


A 26-year-old woman was admitted with 
a 10-day history of tonic spasms. These 
were characterized by tonic flexion of the 
left elbow and wrist and extension of the 
fingers at the metacarpophalangeal and 
proximal interphalangeal joints. The left 
leg was extapded with plantar flexion and 
moderate intrarotation of the foot. Left fa- 
cial grimacing was often present, as well as 
asense of painful discomfort. These spasms 
were not associated with aura, loss of con- 
sciousness, tonic clonic movements, loss of 
sphincter control, or postictal phenomena. 
The attacks were mostly spontaneous, 
lasted 15 to 30 seconds, and occurred 20 to 
30 times a day. They could be occasionally 
elicited by sustained extension of the arms 
or by sudden emotions. 

Three weeks earlier, the patient had ex- 
perienced dizziness and mild left hemipare- 
sis, with ipsilateral numbness and pares- 
thesias. The diagnosis was possible MS, and 
the patient was treated with cosyntropin. 
After 7 days she was discharged in remis- 
sion, but developed the paroxysms 7 days 
later. 

On admission, she had a mild left hemi- 
paresis and left central facial paresis, right 
internuclear ophthalmoplegia, and slight 
impairment of vibratory sensation in the 
left limbs. Her left knee reflex was moder- 
ately brisk and left abdominal reflexes were 
absent, but plantar responses were normal 
on both sides. Carbamazepine, 200 mg twice 
a day, aborted the crises in 2 days. 

The complete blood cell count, erythro- 
cyte sedimentation rate, blood chemistry 
values, antinuclear antibedy titer, comple- 
ment levels, and serum immunoglobulin 
values were normal. The cerebrospinal fluid 


had seven nucleated cells per cubic milli- 
meter, an elevated IgG index (0.97; normal, - 
<0.7), increased intrathecal IgG synthesis: 
rate (6.7 mg/d; normal, <3.8 mg/d), and). 
oligoclonal bands. ; 

Repeated electroencephalographie: re- 
cordings during the attacksand interictally 
were normal. The visual evoked potentials, 
brain-stem auditory evoked potentials, and > 
somatosensory evoked potentials were < 
within normal ranges. The computed tomo- 
graphic scan did not show any low-density 
or enhancing white matter lesions or other 
focal lesions. : 

The MRI study was performed on a 0:5-T.. 
system. On T,-weighted images, an area of 


increased signal was located in the postë- 


rior limb of the right internal capsule 
(Fig 1). ice 
Ten months later, the patient experi- 
enced a new episode of right-sided weak- 
ness and tingling and unsteadiness of gait. 
She had a mild right hemiparesis with brisk 
deep tendon reflexes bilaterally, a right ex- 
tensor plantar response, horizontal nystag- 


mus, and decreased vibratory sensation in 


the distal lower limbs. No abnormal move- 
ments or other paroxysmal symptoms. öt- 
curred. 

On MRI, new foci of inereased T, signal 
appeared in the periventricular white mat- 
ter and the left internal capsule (Fig 2). The 
previous lesion in the internal capsule of. ° 
the right hemisphere was no longer evident. 

Another cosyntropin treatment. was. 
given, and the patient was discharged in 
remission after 2 weeks of therapy. 


COMMENT 


Tonic. spasms, also known as tonic 


seizures or paroxysmal dystonia, are 


sudden attacks of abnormal involun- 
tary postures of one or more limbs, and 
often resemble tetanic spasms.’ They: 
can be associated with facial grimac- 
ing and painful sensations that local- 


ize to the same areas as the motor _ 


symptoms. Their distribution -is 
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Fig 1.—-Axial (left) and coronal (right) slices from the first magnetic resonance imaging scan, 


demonstrating a lesion in the right internal capsule. 





Fig 2.— Axial slice(s) from the second magnetic resonance imaging scan, showing a lesion in the 
left internal capsule (left) and multiple bilateral foci of demyelination in the centrum semiovale 
(right). Note that the lesion observed in the first scan has disappeared. 


mainly unilateral, although contralat- 
eral spreading and bilateral attacks 
have also been reported. Autonomic 
symptoms may oceur, and include 
piloerection, perspiration, and skin 
flushing.*? Tonie spasms are usually 
spontaneous, but can be evoked by ac- 
tive or passive movements,**” sensory 
stimuli,**° hyperventilation, or 
emotions. The spasms last for only 30 
seconds to 2 minutes, but they occur at 
high frequencies, ranging from 10 to 30 
times a day. Almost invariably the 
spasms subside after weeks or months 
without treatment. Some antiepileptic 
drugs (eg, carbamazepine) suppress 
the attacks within a few days." 
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Although tonic spasms may occur in 
various neurologic disorders,’ they 
are most commonly associated with 
MS. Before computerized imaging 
techniques, it was postulated that 
tonic spasms were caused by MS 
plaques in the brain stem or the spinal 
cord More recently, hemilateral 
tonic spasms in two patients with MS 
were associated with lesions in the 
contralateral internal capsule on com- 
puted tomographic or MRI scans.* In 
our patient, the association of left- 
sided tonic spasms with a plaque in the 
right internal capsule seems more 
than fortuitous. The internal capsule 
lesion was the sole area of demyelina- 


tion detected on MRI when the parox- 
ysms occurred. Furthermore, the soli- 
tary plaque was located above the 
brain stem, providing an d 
explanation for the clinical signs o 
contralateral spasms and facial gri- 
macing. 

Paroxysmal symptoms in MS, par- 
ticularly tonie spasms, have been pro- 
posed to have an epileptie origin*!® 
because of their therapeutic response 
to antiepileptic drugs and their simi- 
larity to some forms of reflex epilepsy. 
A cortical localization, however, ap- 
pears unlikely because there is no al- 
teration of consciousness, even when 
tonic spasms spread bilaterally, and*4 
because there is a total lack of parox- 
ysmal activity on the electroencepha- 
logram. For these reasons, tonic 
spasms would be more likely to origi- 
nate at subcortical, mesencephalic, or 
spinal levels 3+*?° 

Demyelination causes axons to be 
hypersensitive to minor insults. Par- 
oxysms could then be triggered by re- 
duction of ionized calcium after hyper- 
ventilation’ or by ephaptic activation 
of axons in plaques.’ Demyelination of 
afferent inhibitory pathways might 
also contribute to the pathologic , 
discharges.’ Y 

In addition, inflammatory irritation 
could provoke paroxysmal symptoms.° 
Active lesions in MS are characterized 
by lymphocytic infiltrates and in situ 
secretion of lymphokines and inter- 
ferons. Leukocyte interferon and 
interleukin 2 enhance excitability of 
neurons." Soluble factors released 
during inflammation could excite de- 
myelinated axons in MS plaques. 

In our case, as in most reported 
cases, the paroxysms were associated 
with other signs of exacerbation. The 
disappearance of the MRI lesion cor- 
responded with the remission of symp- 
toms. Changes in MRI plaques can de?! 
velop over time in relapsing-remitting 
MS and tend to parallel the clinical ac- 
tivity of the disease."*"’ The reported 
duration of several weeks for these 
transient plaques is temporally con- 
sistent with the natural course of par- 
oxysms in MS." Hyperactivity of the 
immune system occurs during MS exac- 
erbations,“"' and inflammatory infil- 
trates are found in active plaques.” We 
suggest that paroxysmal symptoms in 
MS may sometimes originate from ax- 
onal irritation secondary to release of 
excitatory lymphokines. 
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Hypothalamic or Central Obesity Is Associated 
With an Early Rise in Plasma Insulin Concentration 


Michael M. Segal, MD, PhD; Jennifer Bell, MD; Gary M. Abrams, MD 


@ insulin levels in a 7-year-old boy with 
hyperphagia and obesity following an 
episode of meningoencephalitis were 
studied sequentially during the course of 

rogressive weight gain. High fasting in- 
Kuin levels (1183 pmol/L) and strikingly 
high insulin release in response to glucose 
(7892 pmol/L) were found within weeks of 
the onset of the iliness. The abnormality in 
insulin secretion occurred prior to the 
marked weight gain. Hyperinsulinemia 
was not accompanied by hypoglycemia. 
Early hyperinsulinemia may be a primary 
event in the development of hyperphagia 
and obesity following hypothalamic injury. 

(Arch Neurol. 1990;48:429-43 1) 
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he metabolic basis of weight gain in 

patients with hypothalamic obe- 
sity is incompletely understood be- 
cause of the rarity of hypothalamic 
obesity and the lack of clinical investi- 
gative studies concerning the early 
stage of the illness. Hyperinsulinemia 
has previously been found in humans 
studied years after the onset of hypo- 
thalamic obesity. However, in most 
respects, patients with hypothalamic 
obesity show a similar pattern of car- 
bohydrate tolerance and insulin secre- 
tion to that in patients with exogenous 
obesity.! 

In experimental animals, ventrome- 
dial hypothalamic lesions induce a 
syndrome characterized by hyperpha- 
gia and obesity.2 An analogous syn- 
drome has been described in humans 
with pathologic processes that involve 
the basal medial hypothalamus.** Hy- 
perphagia and obesity in the rats with 
ventromedial hypothalamic lesions 
are accompanied by an early rise in 
plasma insulin levels, prior to the on- 


set of hyperphagia or obesity.’ The hy- 
perinsulinemia appears to be mediated 
by a direct action of vagal axons on 
beta cells in the pancreas.“ Although 
it is unsettled whether hyperinsuline- 
mia is the cause of the hyperphagia 
and obesity in the animal with a ven- 
tromedial hypothalamic lesion, the 
role of the central nervous system in 
the development of obesity is a topic of 
continued interest.* 

Studies of the early events in hypo- 
thalamic obesity have not been done 
regarding humans. We recently had - 
the opportunity to study a child who 
developed the rapid onset of hyper- 
phagia and obesity following an epi- 
sode of meningoencephalitis. Insulin 
levels early in the clinical course of the 
illness were strikingly abnormal. 
These observations were consistent 
with the hypothesis that the central 
nervous system has important influ- 
ence on the secretion of pancreatic in- 
sulin in humans and that hyperinsu- 
linemia may foster the developnient of 
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Table t.—initial Glucose Tolerance 
Test With Insulin Measurements 0.5 
Month After Presentation (Weight, 
37.5 kg) 
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Time, Glucose, (Normal Range), 
min mmol/L pmol/L 
is) 3.9 1183 (29-172) 
30 8.3 7356 (179-1656) 
60 8.5 8216 (129-1979) 
120 4.0 3377 (115-1190) 











3.0 





954 (29-272) 





the clinical syndrome of hypothalamic 
obesity. 


REPORT OF A CASE 


A 7-year-old boy presented with menin- 
gismus, papilledema, and mild left visual 
field neglect. His weight was 30 kg, and his 
height was 127 cm. The results of cere- 
brospinal fluid examination showed an 
opening pressure of 340 mm H,O, a white 
blood cell count of 0.5 X 10°/L (0.92 lympho- 
cytes, 0.08 monocytes), a protein level of 
1.28 g/L, and a glucose level of 2.5 mmol/L. 
An electroencephalogram showed bilateral, 
diffuse, background slowing, with attenua- 
tion of faster frequencies in the right pos- 
terior quadrant. Cranial computed tomog- 
raphy and magnetic resonance imaging 
were normal, with good visualization of the 
. hypothalamus and third ventricular region. 
’ Herpes, mumps, leptospirosis, and Myco- 
plasma titers were unremarkable; cold ag- 
glutinins were negative. The Epstein-Barr 
virus titer was 1:1280, but the IgM titer was 
less than 1:10. The patient’s first week of 
recovery appeared uneventful, except that 
the neurological consultant found him to be 
moderately uncooperative, with an exag- 
gerated preoccupation with food. 

He was discharged, but returned after 1 
week, complaining of “eating and drinking 
constantly.” He even ate vegetables, which 
he had previously disliked, but he did not 
eat nonfood items. He was described by his 
mother as becoming enraged when food was 
withheld, although not at inappropriate 
times. His weight had increased to 
37.5 kg. He had abdominal distention with 
hepatomegaly and moderate tenderness 
over the liver. The results of neurological 
examination were normal, with resolution 
of the left neglect. It was noted that the pa- 
tient would continue eating, even while co- 
operating with the examiner, A needle bi- 
opsy of the liver showed fatty infiltration. 
Baseline endocrine test results were as fol- 
lows: Ta- thyroxine, 92 nmol/L (normal 
=. range; 58 to 155 nmol/L); T, resin uptake, 
= 0.81 (normal range, 0.84 to 1.31); thyroid- 

= stimulating hormone, 1.1 mIU/mL (normal 
range, 0.2 to 5.9 mIU/mL); morning plasma 
cortisol, 262 nmol/L (normal range, 166 to 
690 nmol/L); and growth hormone, 
276 pmol/L (normal level, <276 pmol/L). 
Prolactin level was mildly elevated 
- (25 ug/L; normal range, 0 to 20 ng/L). 

An oral glucose tolerance test revealed a 
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Table 2.—Pharmacological interventions 2.3 Months After Presentation (Weight, AT kü) 


Glucose, mmol/L/insulin, * pmol/L Levels 
aeee a 


















































* See Table 1 for normal insulin values. 


Time, min Glucose, mmol/L 


Before After Atropine After Diazoxide 
Time, min Medication (0.04 mg/kg/d, X24 h) (10 mg/kg/d, X24 h) = 
0 5.2/2122 §.3/ 1670 6.0/875 
30 8.5/ 1348 12.7 / 1097 13.1/2144 
60 11.4/3406 12.4/860 14.8/... 
15.0/5743 ~ §.8/5377 8.6/4756 
5.2/3821 3.0/1161 4.6/2201 





Table 3.—Glucose Tolerance Tests With Insulin and Insulin C-Peptide Measurements 
10.7 mo (Weight, 70 kg)/11.6 mo (Weight, 63 kg) After Presentation < 
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normal glucose curve. However, baseline 
and stimulated insulin levels were mark- 
edly abnormal (Table 1). There were no 
symptoms suggestive of hypoglycemia dur- 
ing the test or at other times during the ad- 
mission. Baseline growth hormone levels 
were undetectable, and there was no para- 
doxical rise of growth hormone in response 
to glucose. 

The patient was discharged and readmit- 
ted 2.3 months after the onset of his illness 
for further evaluation. Basal metabolic rate 
was normal and caloric intake was approx- 
imately 6000 keal/d. His weight had in- 
creased to 47 kg, and hyperphagia per- 
sisted. Oral glucose tolerance tests were re- 
peated after 24-hour treatment with 
atropine and after 24 hours of diazoxide 
(Table 2). Carbohydrate tolerance had de- 
teriorated, while insulin levels remained 
markedly elevated. The patient was dis- 
charged without pharmacological therapy. 

Despite a trial of calorie restriction at 
home, the patient’s weight climbed to 58 kg. 
Eighteen months after onset of the illness, 
the patient was readmitted for treatment 
with a strict diet of 700 kcal/d, which 
resulted in a weight loss of 7 kg. Hyper- 
phagia persisted, although diminished, and 
the patient resumed weight gain at home to 
a peak of 74 kg, 10.4 months after the onset 
of the meningoencephalitis. A second inpa- 
tient trial of caloric restriction was at- 
tempted. Additional glucose tolerance tests 
were performed, which showed some 
“normalization” of insulin levels (Table 3). 
C-peptide levels were elevated, consistent 
with the level of insulin secretion. At the 
time of discharge, 3 months later, hyper- 
phagia had considerably abated and his 
weight had dropped to 54 kg. 


COMMENT 


This young boy developed hyper- 
phagia and obesity following an epi- 





sode of meningoencephalitis. The clin- 
ical syndrome was consistent with hy- 
pothalamic obesity.’ The postulated 
ventromedial hypothalamic damage _ 
may haveoccurred directly from theen 
cephalitis® or indirectly from in- 
creased intracranial pressure.’ Pe- 
ripheral insulin levels were quite high, 
but the abrupt onset of the syndrome 
in association with the meningoen- 
cephalitis, the absence of hypoglyce- 
mia, and the gradual improvement of 
the hyperinsulinemia after a year do 
not support the presence of an insulin- 
secreting tumor. Inappropriate rage, 
which has been noted in experimental 
animals with ventromedial hypotha- 
lamic damage,'' was not prominent in 
our patient, unless he was restricted 
from access to food. A similar patter: 
of behavior in a patient with a hain 
toma invading the ventral hypothala- 
mus has previously been reported.’ 
Hyperinsulinemia has been pro- 
posed as the major factor leading ‘to 
hyperphagia and obesity in both hu- 
mans and experimental animals with 
hypothalamic damage.” Bray and 
Gallagher! carefully examined hu- 
mans with chronic obesity secondary 
to hypothalamic disease. In general, 
patients with hypothalamic obesity 
showed a glucose tolerance. pattern 
and insulin response curve indistin-- 
guishable from those of individuals ` 
with exogenous obesity, ie, abnormal 
glucose tolerance, hyperinsulinemia,- 
and insulin resistance. Obese patient% 
with hypothalamic disorders, how- 
ever, failed to normally suppress insu- 
lin in response to prolonged fasting. 
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The investigators concluded that hy- 
‘perinsulinemia might be the initiating 
factor responsible for the hyperphagia 
sand excessive fat deposition in these 
individuals. 

Bucher et.al” suggested that insulin 
might be responsible for the normal 
linear growth in patients who were 

“deficient in growth hormone, following 
‘craniopharyngioma resection. They 
found an exaggerated insulin response 
‘to arginine infusions 1 year after tu- 
mor resection in children who exhib- 
ited excessive increase in height and 
weight. Early insulin measurements 

were not done, and glucose tolerance 

«and insulin responses to glucose or 
„fasting were not examined. Most of the 
patients in this subgroup were also 
_ noted to be hyperphagic, although this 
was not an invariable feature. 

Our patient demonstrated interest- 
ing characteristics supporting the con- 
cept that hypothalamic regulation of 
insulin secretion is important in the 
evolution of hypothalamic obesity. 
Fasting hyperinsulinemia and exag- 
gerated responses of insulin to glucose 
occurred early in the illness, preceding 
the development of massive weight 
gain. 

a Glucose tolerance was normal early 
» in the course of his illness, and despite 
_ strikingly elevated insulin levels, there 
-were no symptoms of hypoglycemia. 
Two months into his illness, the glu- 
cose tolerance tests showed a diabetic 
pattern, suggesting insulin resistance. 
Plasma cortisol level was normal, and 
the mechanism for the apparent insu- 
lin resistance was not clear. The early 
hyperinsulinemia could possibly have 
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been the cause, rather than the conse- 
quence, of the obesity and hyperphagia. 

Experimental and clinical’ studies 
have suggested that vagolytic therapy 
or vagotomy might be effective in mod- 
ifying the weight gain in hypothalamic 
obesity. Pharmacological vagal block- 
ade with the cholinergic antagonist, 
atropine, did not appreciably alter in- 
sulin responses in our patient. Diazox- 
ide, which is used clinically to directly 
suppress insulin secretion by the 
pancreas,” also had no clear effect on 
the hyperinsulinemia. We did not have 
the opportunity to investigate the re- 
sponse of insulin to arginine infusion 
or fasting. 

Unlike most cases of hypothalamic 
obesity, no other neurologic or neu- 
roendocrine sequelae were noted in our 
patient.” Linear growth and sexual 
maturation will need to be closely 
monitored. 

It is interesting that sequential ex- 
aminations of this patient demon- 
strated a clinical and metabolic profile 
more closely resembling exogenous 
obesity. The biological determinants of 
most forms of obesity remain un- 
known, and the role of the central ner- 
vous system in caloric homeostasis is a 
topic of continuing interest.* Careful 
neuroendocrine examination of indi- 
viduals with obesity associated with 
neurologic disorders may lead to bet- 
ter understanding of more common 
obesity problems. 
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Right Parietal Stroke With Gerstmann’s Syndrome 


Appearance on Computed Tomography, Magnetic Resonance Imaging, 
and Single-Photon Emission Computed Tomography 


Matthew R. Moore, MD: Jeffrey L. Saver, MD; Keith A. Johnson, MD; Jorge A. Romero, MD 


è We examined a patient who exhibited 
Gerstmann’s syndrome (left-right disorien- 
tation, finger agnosia, dyscalculia, and dys- 
graphia) in association with a perioperative 

«stroke in the right parietal lobe. This is the 
' first description of the Gerstmann tetrad oc- 
curring in the setting of discrete right hemi- 
sphere pathologic findings. A well-localized 
vascular lesion was demonstrated by com- 
~ puted tomography, magnetic resonance im- 
aging, and single-photon emission com- 
puted tomographic studies. The patient had 
clinical evidence of reversed functional cere- 
bral dominance and radiologic evidence of 
reversed anatomic cerebral asymmetries. 
(Arch Neurol. 1991 ;48:432-435) 


he localization of focal cerebral le- 

sions causing the tetrad of symp- 
toms —finger agnosia, left-right disori- 
entation, agraphia, and acalculia—has 
been debated since Gerstmann’s name 
was first attached to the syndrome. `“ In 
almost all cases with focal pathologic 
appearance, the lesion has been local- 
ized to the left parietal cortex (angular 
and second occipital gyri," supramar- 
ginal gyrus, and superior parietal lob- 
ule’; superior angular, supramarginal, 
and inferior parietal gvri’; and posterior 
perisylvian region’). Strub and Gesch- 





Aceepted for publication October 3, 1990. 

From the Departinents of Neurosurgery (Dr 
Moore) and Neurology (Drs Saver and Romero), 
Brigham and Women’s Hospital, and the Depart- 
ment of Neurology (Dr Johnson), Massachusetts 
General Hospital and Harvard Medical School, Bos- 
ton, Mass. 

Reprint requests to Department of Neurosur- 
gery, Children’s Hospital Medical Center, 300 
Longwood Ave, Boston, MA 02115 (Dr Moore). 


432 — Arch Neurol—Vol 48, April 1991 


wind,’ reviewing all reported cases in 
the world literature through 1983, 
found only four instances in which dis- 
crete right hemisphere lesions were 
suspected. All of these cases, however, 
were reported prior to the computed 
tomographic (CT) era, and precise neu- 
roanatomic localization based on their 
reported clinical features is difficult. 

We present anatomic and metabolic 
studies demonstrating a right hemi- 
sphere lesion in a sinistral woman who 
exhibited Gerstmann's syndrome in as- 
sociation with a well-localized vascular 
lesion confirmed by CT, magnetic reso- 
nance imaging (MRI), and single-pho- 
ton emission computed tomography 
(SPECT), indicating regional cerebral 
perfusion and metabolism. This case is 
unique to the literature in its extensive 
imaging of an underlying right parietal 
stroke. 


REPORT OF A CASE 


A 57-year-old left-handed white woman 
was seen 2 days after the operative place- 
ment ofa single coronary artery bypass graft 
and primary closure of an atrial septal defect. 
During the first day postoperatively, her re- 
covery seemed uneventful, although she did 
not speak very much. On the second postop- 
erative morning, the staff noted that she 
seemed to be having some difficulty express- 
ing herself, particularly with word finding, 
and a neurological consultation was re- 
quested. 

Her medical history was notable for an 
inferior wall myocardial infarction 1 year pri- 
or to admission and mild hypertension. She 
had had no history of cerebrovascular acci- 
dents, transient ischemic attacks, or seizures 
and was neurologically intact on admission. 
The patient had a college education, The fam- 
ily history was notable for left-handedness in 
the patients daughter. 





The general medical examination was nota- 
ble for a midline sternotomy incision. No ea- 
rotid bruits or cardiac murmurs were 
observed. 

On neurologic examination, the patient 
was alert, oriented, and cooperative, Atten- 
tion was relatively intact (digit span, six for- 
ward and four backward, and preserved abil 
ity to name months backward). Languag 
testing revealed occasional hesitancies in 
spontaneous speech, with mild word-finding 
difficulties and occasional literal and verbal 
paraphasic error. Prosody was preserved, ` 

Repetition was also mildly impaired, with 
some hesitation and occasional paraphasic 
substitutions, Confrontation naming of ob- 


jects in the room and elements of the examin- 


ers clothing and body parts was performed 
with better than 90% accuracy. Comprehen- 
sion was unimpaired, as demonstrated. by 
appropriate verbal responses to questions 
and correct execution of simple and multiple- 
step directives. 

Striking right-left confusion was noted. 
Any task that required right-left discrimina- 
tion led to hesitation, frustration, and reM 
peated errors in execution. She was unable to" 
identify digits on either hand: she could not 
reliably name the digits and made frequent 
errors in trying to follow commands instruct- 
ing her to identify or utilize a specific digit on 
her own hand or on the hand of the examiner. 
She was aware of her difficulty and was frus- 
trated by it. This finger-naming difficulty was 
in sharp contrast with her only mildly im- 
paired ability to name objects and colors on 
confrontation, including. low-frequeney 
items. She was unable to perform any caleu- 
lations, exclaiming “I can’t visualize the 
math.” Even very simple calculations, such 
as adding 12 + 13 or determining the number 
of nickels in 75 cents, could not be carried out. 
She appeared to understand the task and 
began calculating mentally; she then became | 
confused, lost track of her work, and needed! 
to start over. Her performance did not im- 
prove with the use of pencil and paper. 

Reading was significantly impaired. The 
patient read sentences out loud slowly, ef- 


Gerstmann’s Syndrome—Moore et al 





{nnramarsineovesmetneerenterhinmmearescemenned 





Fig 1.—Computed tomographic scans without intravenous contrast (axial, four adjacent 8-mm spaced 
images) taken on postoperative day 3 showing the right parieto-occipital low density in the angular gyrus (top 
feft) extending superiorly just into inferior parietal gyrus and medially to the optic radiations. 


fortfully, and monotonously, as if reading an 
unrelated list of words. Her comprehension 
of written passages was negligible. She was 
able to write only slowly and effortfully, with 
very poor penmanship, spelling errors, and 
omissions with drifting ef the written line 
down and to the right on the page. When 
writing, she held her left hand in a “nonin- 
verted” posture. She evidenced no difficulty 
with constructions, drawing a clockface, and 
copying a cube with internal details accurate- 
ly. Memory was unimpaired. She visually 
explored both sides of space, and there 
was no extinction to tactile simultaneous 
stimulation. 
Results from the cranial nerve examina- 
„ilon were notable for a left homonymous 
*hemianopie visual field defect, denser in the 
“inferior quadrant, and mild weakness of the 
lower face on the left side. 
Examination of the extremities showed 
mild pronator drift of the left upper extrem- 
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ity but good strength on individual muscle- 
group testing and normal tone. Fine-motar 
control was unimpaired. Sensory testing to 
pin, touch, vibration, position, yraphesthe- 
sia, and stereognosis was normal, Finger-to- 
nose, heel-to-shin t 





testing was normal, Gait 
was normal, Reflexes were 1° and symmetri- 
cal. Plantar responses were flexor. 

The patient scored ~ 1.0 on the modified 
Oldfield handedness battery. 

A perioperative cerebrovascular accident 
in the right middle cerebral distribution was 
suspected. A CT scan without contrast (Fig 1) 
on postoperative day 3 revealed a diserete 
right parleto-occipital wedge-shaped hypo- 
density (5 x 2.5 cm) in the angular gyrus. The 
area of lucency began at the level of the ven- 
tricular atrium and extended superiorly 
through three adjacert 8-mm axial CT images 
to the inferior parietal lobule and medially to 
the optic radiations. 

On postoperative day 4, 








the patients 


speech was fluent without paraphasic errors, 
and she had only minimal difficulty in repeat- 
ing long gramatically complex sentences. 
Her faci 


at 


A 











l asymmetry had resolved, and the 
field defect had improved to a moderate left 
inferior quadrant anops 

The patient underwent SPECT neuro- 
imaging studies on postoperative day T with 
hexamethy! propylenamine oxime {techne- 
tium Te 99m—-H MPAO). The isotope uptake at 
20 minutes after the injection shows a defect 
on axial view (Fig 2) of equivalent size to the 
hypodensity on CT scan. The three-dimen- 
sional surface reconstruction (Pig 3) places 
the hvpoperfused region in the superior right 
parieto-occipital cortex (posterior angular 
gyrus) and underlying white matter. 

On postoperative day 9, the patient under- 
went a cranial MRI scan in multiple planes 
for further evaluation of the vascular lesion. 
Figure 4 shows the coronal and axial image 
The cerebral evri are identified and show an 
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Fig 2.—Single-photon emission computed tornographic/hexamethylpro- 
pyleneamine (HM-PAO) axial image 20 minutes after injection on 
postoperative day 7. Note the similar perfusion defect in the right parieto- 
occipital region (patient's right on left of image), Color scale is such that 
yellow indicates regions with greatest HM-PAO concentration and dark 
blue indicates lowest HM-PAO activity. 


Fig 3.—Three-dimensional surface reconstruction of the single-photon 
emission computed tomographic/hexamethylpropyleneamine images 
shown in Fig 2, viewed from the right posterior oblique angle. Note the 
shape and extensive defect inferior and posterior to the angular gyrus. 


Fig 4.—Left, Magnetic resonance imaging (MRI), modified coronal plane (TR, 2000 milliseconds; TE, 
35 milliseconds), anterior extent of increased signal of lesion. Inferior parietal gyrus (1), angular gyrus (A), and 
sylvian fissure (S) are indicated. Right, MRI, modified axial plane (TR, 2000 milliseconds: TE, 
70 milliseconds), imaging through temporo-occipital lobes shows an area of heterogeneous cortical signal 
{arrow} in posterior inferior angular gyrus with extension of increased signal intensity (edemaje]) to adjacent 
occipital gyrus. The temporal operculum {T} and sylvian fissure (S) are shown. 


area of heterogeneous cortical signal in the 
posterior inferior angular gyrus with exten- 
sion of increased signal intensity (edema) to 
adjacent occipital gyri. 

Both MRI and CT images were analyzed 
for anatomic asymmetries that have been 
proposed to correlate with functional cere- 
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bral asymmetry.” Standardized methods 
were employed to analyze sylvian fissure 
course, “ fronto-occipital petalias,''" and size 
of planum temporale (modified). Each of 
these techniques demonstrated a reversal of 
the most common pattern of asymmetry 
found in right-handed subjects: (1) the poste- 


rior sylvian fissure on the right extended 
more horizontally and posteriorly than it did 
onthe left (demonstrated in Fig 4, left): (2) one 
both MRI and CT studies, left frontal and’ 
right occipital lobes exhibited greater width 
and length (petalia) than did their counter- 
parts; and (3) asymmetry of the posterior 
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opercular demarcation, consistent with a 
larger planum temporale in the right hemi- 
sphere than in the left, was noted. 


t COMMENT 


Itis recognized that the four compo- 
nents of Gerstmanns syndrome in an 
individual patient may manifest to a 
variable degree.’ In our patient, fin- 
ger agnosia and left-right disorienta- 
tion were prominently affected. Her 
agraphia, characterized by paragraphia 
with mispellings and syntax errors and 
spatial dysgraphia (poor word align- 
ment across a page), was mild. Her acal- 
culia was also severe, and of the type, 

‘anarithmetria,’”” that is most common- 
ly associated with Gerstmann’s syn- 

drome. Additionally, our patient exhib- 
ited alexia and a mild posterior 

aphasia —deficits that have been noted 
to not infrequently accompany Gerst- 
mann’s tetrad (the angular gyrus syn- 
drome), The major impairment in finger 
identification, left-right discrimination, 
and calculations was disproportionate 
to the mild deficit in oral language func- 
tion. Evidence of constructional apraxia 
or hemispatial neglect was absent. 

We believe that ours is the first pa- 

yp tient to be described with Gerstmann’s 
syndrome resulting from a focal right 
¿hemisphere lesion that has been fully 
documented by CT, MRI, and SPECT 
studies. Strub and Geschwind’s' review 
of all reported cases through 1983 noted 
only four patients suggested to have dis- 
crete right hemisphere lesions, with 68 
patients with left hemisphere lesions, 
20 with bilateral lesions, and four with 
either left hemisphere or bilateral le- 
sions. Our review of the literature since 
has yielded no additional right hemi- 
sphere cases. All four right hemisphere 
cases preceded the advent of modern 
neuroimaging. The two patients de- 
{scribed by Heimberger et al” are listed 
‘ina table but are not clearly identified in 
«the accompanying individual case de- 
-seriptions. It appears likely that one of 
the cases they listed as right hemi- 
sphere was a patient described as hav- 
ing a large right hemisphere glioblas- 
toma with midline shift and an elec- 
troencephalogram displaying slowing 
on the left side; thus, this patient almost 
certainly had undergone a pathologic 
event bilaterally. Heimberger et al” 
provided no detailed description of a 
second patient with clinical evidence ofa 
discrete right hemisphere lesion. In 
Kinsbourne and Warrington’s” case, lo- 
calization was based on accompanying 
‘yelinieal signs and electroencephalo- 
| graphic findings —no confirmatory ana- 
tomic studies were provided. Hermann 
and Potzl's* 1926 case had a right occipi- 
tal tumor discovered at surgery, with- 
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out exploration or postmortem exami- 
nation of the left hemisphere to exclude 
a bilateral process. 

Gerstmann suggested that the symp- 
tom cluster of finger agnosia, right-left 
disorientation, agraphia, and acaleulia 
indicated lesions in the dominant pari- 
etal lobe, situated in the great propor- 
tion of right-handers and most left- 
handers in the left hemisphere. We 
hypothesize that our patient had 
strongly reversed functional cerebral 
lateralization so that a right parietal le- 
sion could produce the constellation of 
signs of Gerstmann’s syndrome. Our pa- 
tient was strongly left-handed (modi- 
fied Oldfield handedness score, — 1). A 
family history of left-handedness in a 
first-degree relative was known. (Evi- 
dence of a genetic component to deter- 
mination of handedness has been re- 
viewed by Levy.) The patient wrote 
with a noninverted hand posture, which 
has been suggested to indicate likely 
contralateral hemispheric (here, right 
hemispheric) dominance for speech.” 
The patient also experienced alexia and 
mild posterior aphasia following her iso- 
lated right hemisphere insult, further 
suggesting that she had had major rep- 
resentation of language function in the 
right hemisphere. 

Moreover, a number of investigators 
have identified anatomic asymmetries 
that may correlate with functional cere- 
bral asymmetry.“ Our patient exhib- 
ited reversed asymmetry for several of 
these anatomic findings. The posterior 
sylvian fissure on the right extended 
more horizontally and posteriorly than 
did its counterpart, suggesting that the 
temporal and parietal opercula were 
larger on the right than on the left. The 
planum temporale, a major component 
of the temporal speech region of Wer- 
nicke, was larger in the right hemi- 
sphere than in the left. Thus, our pa- 
tient exhibited both a pattern of 
anomalous functional motoric and lin- 
guistic dominance and a reversal of ana- 
tomic brain asymmetries that may com- 
prise the biologic substrate of functional 
lateralization. 

In addition to the variable defi- 
cit severity of each component in 
Gerstmann’s syndrome,’ some have 
remarked that deficit improvement oc- 
curs at different rates longitudinally.” 
Similarly, we noted improvement in 
this patients writing ability and right- 
left orientation at 1 week postoperative- 
ly (postvascular event). 

In this well-documented instance of a 
focal right hemisphere lesion producing 
Gerstmann’s syndrome, the pathologic 
event was situated primarily in the pos- 
terior parietal lobe. Thus, this case pro- 
vides further evidence to supplement 


the findings drawn from numerous pre- 
viously reported left hemisphere cases 
that the lesion most likely to produce 
Gerstmann’s syndrome is placed- in the 
dominant posterior parietal region. 


The authors thank Mathias-Vietor Schromm for: 
bibliographic assistance. 
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Neurologic Complications of the Tryptophan-Associated 
Eosinophilia-Myalgia Syndrome 


Lynn M. Tolander, MD; Colin R. Bamford, MD; Mark T. Yoshino, MD; Samuel Downing, MD; George Bryan, MD 


@®A case of tryptophan-associated 
eosinophilia, central nervous system com- 
plications, and multiple white matter le- 
sions by magnetic resonance imaging is 
presented. Eosinophilia regardless of its 
cause should be included within the differ- 
ential of patients exhibiting periventricular 
white matter lesions. 

(Arch Neurol. 1991;48:436-438) 


n November 1989, an article dis- 

closed an epidemic of eosinophilia- 
myalgia syndrome first recognized in 
New Mexico, but subsequently noted 
to be widely distributed across the en- 
tire United States.’ The condition was 
associated with the ingestion of the 
essential amino acid tryptophan. The 
pathogenic mechanisms underlying 
this association have yet to be eluci- 
dated. 

Symptoms reported included myal- 
gia, subjective weakness, fever, ar- 
thralgia, dyspnea, rash, edema, and 
pneumonia. This was by definition ac- 
companied by an eosinophilic leuko- 
cyte count of more than 2 x 10/L.' 
Thirteen deaths have been attributed 
to this condition? 


REPORT OF A CASE 


A 46-year-old white woman was admitted 
to a community hospital on October 19, 
1989, for right-sided weakness. One week 
prior she had fallen, landing on her coccyx. 
A few days later she developed right arm 
and face numbness and weakness with pro- 
gression to the right leg by the day of 
admission. 

The only medication that she claimed to 
be taking on admission was vitamin E. Her 
medical history was unremarkable. She had 
a 25-pack-year history of smoking, but no 
history of alcohol or drug abuse. On review 
of systems, she reported recent onset of 
frontal headache, blurred vision, and right 
shoulder aches. 

On initial examination she was not in 
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acute distress and had normal vital signs. 
Examination of her skin disclosed a 
streaky, erythematous rash over the but- 
tocks and legs. On neurologic examination, 
her mental status was normal. Cranial 
nerve testing revealed a mild right central 
seventh nerve palsy and diminished sensi- 
tivity to sharp stimuli over the right side 
of her face. The patient’s strength was 
graded 0/5 in the right upper extremity and 
4/5 in the right lower extremity. Reflexes 
were 2+ throughout and plantar responses 
were flexor. Sensory examination demon- 
strated decreased perception of sharp stim- 
uli on the right side of her body. There were 
no abnormal cerebellar signs. She had a 
right hemiparetic gait. The remainder of 
the physical examination was unremark- 
able. 

Results of admission laboratory investi- 
gations were significant for a white blood 
cell count of 19.4 xX 10°/L (normal, 4 to 
10 x 10°/L), with a differential of 0.5 seg- 
mented neutrophils (normal, 0.54 to 0.62), 
0.15 lymphocytes (normal, 0.25 to 0.33), 0.03 
monocytes (normal, 0.01 to 0.13), and 0.32 
eosinophils (normal, 0.01 to 0.05). Results of 
the liver function tests were nonspecifically 
abnormal. 

An initial computed tomographic scan of 
the head with and without contrast demon- 
strated an irregular area of decreased at- 
tenuation in the deep left frontal lobe with- 
out enhancement or mass effect, suggesting 
an ischemic infarct. Her two-dimensional 
echocardiogram and carotid duplex ultra- 
sound studies were unremarkable. 

A lumbar puncture was performed with 
the following results: protein, 0.69 g/L (nor- 
mal, 0.15 to 0.45 g/L); glucose, 3.4 mmol/L 
(normal, 2.2 to 44 mmol/L); white blood 
cells, 0.001 X 10°/L (normal, 0 to 0.005 x 
10°/L); and red blood cells, 7 X 10°/L (nor- 
mal, 0 to 10 X 10"/L). Trichinella serologic 
examination and stool for ova and parasites 
were negative. An evaluation for occult 
malignancy included a chest roentgeno- 
gram, abdominal computed tomographic 
sean, and mammogram, all of which were 
negative. A vasculitis sereen included the 
following: erythrocyte sedimentation rate, 
serum protein electrophoresis, antinuclear 
antibody, and rheumatoid factor, all of 


- which were normai. Serum human immun- 


odeficiency virus, toxoplasmosis, coccidio- 
idomycosis, and Aspergillus titers as well as 
VDRL and Candida antigen assays were 
negative. 


A magnetic resonance imaging scan of-« 
the head disclosed multiple focal areas of 
abnormally inereased signal intensity 
within the deep white matter and corpus 
callosum (Figs 1 through 3) as well as a fo- 
cal area of increased signal intensity within 
the left parietal lobe. 

The patient was transferred to the Uni- 
versity Medical Center in Tucson, Ariz, on 
October 26, 1989, for further investigation. 
The examination at the time of transfer re- 
vealed a spastic right hemiparesis and bi- 
lateral Babinski signs. Based on the mag- 
netic resonance imaging appearance, which 
raised the possibility of multiple selerosis, 
a second lumbar puncture was performed 
and showed the following results: protein, ss 
0.3 g/L; glucose, 3.9 mmol/L; white blood" 
cell count, 0.008 x 10°/L (0.99 monocytes); 
red blood cell count, 3x 10°/L; IgG, 
0.018 g/L (normal, 0.01 to 0.04 g/L); and two 
distinct oligoclonal bands. Visual evoked 
responses were normal, and median soma- 
tosensory responses revealed only slowing 
of intracortical conduction consistent with 
the patient’s left-sided symptomatic lesion. 
An electroencephalogram was normal. Dis- 


Fig 1.—This T,-weighted axial magnetic reso- 
nance image shows an abnormal area of 
increased signal (arrow) in the right side of the 
splenium of the corpus callosum (TR = 2500, 
TE = 30, 0.6 Tesla). AY 
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Fig 2.—Abnormal areas of cortical signal (ar- 
rows) are present in the parietal lobes 
(TR = 600, TE = 20, 0.6 Tesla). 


charge diagnoses were possible multiple 
sclerosis vs eosinophil-induced neurotoxic- 
ity, and peripheral eosinophilia of unclear 
etiology. 
. Approximately 1 month later, when news 
* reports of tryptophan associated with 
eosinophilia surfaced in the lay press, the 
patient disclosed that she had been taking 
1.5 to 2 g of tryptophan at bedtime for the 
< preceding 4 to 6 months. Use of the drug had 
heen inadvertently discontinued on admis- 
sion ‘to the hospital. No treatment was 
» given, and she has had no further neuro- 
logic events. Five months after initial pre- 
sentation her white blood cell count was 
10.8 X10°/L, with 0.1 eosinophils, signifying 
a reduction in her absolute eosinophil count 
from 6208 to 1080 cells. However, at this 
point the patient returned with an erythe- 
matous, edematous lower extremity rash 
and sclerotic plaques consistent with 
eosinophilic fasciitis (confirmed by skin and 
musele biopsy). The creatine kinase level 
A wasnormal; however, the aldolase level was 
elevated to 45 U/L (normal, 0 to 6 U/L). She 
“was agreeable to starting steroids. A fol- 
< Jow-up magnetic resonance imaging 5 
months after presentation revealed that 
the previously noted white matter lesions 
had diminished in size and evolved into 
small infarcts (Fig 4). 


COMMENT 


Our patient has been extensively 
‘evaluated excluding the usual causes 
of eosinophilia other than the inges- 
tion of tryptophan. The distribution of 
the patient’s multiple central nervous 
system lesions is highly atypical of 
multiple sclerosis due to their location 
"within the splenium of the corpus cal- 
: dosum and within the cerebral gray 
© matter. Likewise, the evolution of the 
lesions on magnetic resonance imag- 
ing is atypical for multiple sclerosis 
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Fig 3.—Bilateral areas of abnormally in- 
creased signal (arrows) are demonstrated in 
the centrum semiovale (TR = 2500, TE = 30, 
0.6 Tesla). 


and is more suggestive of small infarc- 
tions. The clinical course was one of a 
subacute monophasic progressive ill- 
ness, which would speak against a di- 
agnosis of clinically definite multiple 
sclerosis. The two oligoclonal bands 
may represent a nonspecific inflamma- 
tory reaction. Therefore we believe 
this to be the first reported case of 
central nervous system involvement 
by tryptophan-associated hyper- 
eosinophilia. 

As of February 9, 1990, there had 
been 1269 cases of tryptophan-associ- 
ated eosinophilia reported in the 
United States.’ Due to the frequent 
complaint of muscle pain, the disease 
has been called the eosinophilia-myal- 
gia syndrome. The current median age 
of those affected is 48 years, and the 
median dose of tryptophan is 1500 
mg/d. Eighty-four percent are female 
and 96% are non-Hispanic whites.‘ 
Rash and edema have been reported in 
over 50%.'° Elevated liver function 
tests were noted in 51% Our patient 
fits the demographic pattern; however, 
she has a pronounced central nervous 
system involvement and an absence of 
severe myalgias. 

A review of the literature revealed 
reports of peripheral and central ner- 
vous system involvement by the idio- 
pathic hypereosinophilia syndrome. 
With respect to the peripheral nervous 
system, clinical patterns of multiple 
mononeuropathy, distal symmetrical 
motor neuropathy, distal symmetrical 
sensory neuropathy, and radicu- 
lopathy have been reported.™ Nerve 
biopsy or autopsy has shown a variety 
of histopathologic findings consistent 
with wallerian degeneration,’ axonal 









































Fig 4.—Follow-up scan showing punctate èr 
cephalomalacia (arrow) where acute lesions 
had been (TR = 600, TE = 20, 0.6 Tesla). 


degeneration,’ demyelination, and vas- 
culitis.* The pathogenetic mechanisms 
proposed have included ischemia on 
either a vasculitic®’ or cardioembolic 
basis,’ and also neurotoxicity” 

With regard to the central nervous 
system, clinical patterns of seizures,’ 
dementia,’*° and cerebral infarction”? 
have been described. Computed tomo 
graphic scans in these cases have. 
shown infarcts,’ areas of contrast 
enhancement,’ atrophy,” and the ap- 
pearance of demyelination.’ In 1989 
Kaplan reported a case with periven- | 
tricular areas of increased signal in- 
tensity on magnetic resonance imag- 
ing. The pathogenetic mechanisms 
postulated include thromboembol- 
ization,’* eosinophil infiltration,” and 
neurotoxicity. ° 

Although the term neurotoxicity 
initially seems rather indefinite, it has. 
been well established that the eosino- .. 
phil contains cytotoxic granules that- 
release eosinophil cationic protein 
(partially responsible for thromboem- 
bolism), neurotoxic protein, and major 
basic protein.” In 1979 Durack et al?.- 
injected cells from patients with hy- 
pereosinophilic syndromes into either 
the cerebral hemisphere or subarach- 
noid space of rabbits and guinea pigs. 
Examination of the brains revealed 
loss of Purkinje cells, spongy degener- 
ation of the cerebellum, brain stem 
and spinal cord, and an occasional axe 
onal degeneration of the peripheral 
nerves. It seems reasonable to hypoth- 
esize that these toxic granules played 
a pathogenic role in our patient, per- 
haps by creating a vasculitis leading to 
microinfarctions. 

Although tryptophan itself has been 
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_ demonstrated to exhibit in vitro a 
_ direet neurotoxicity, probably related 


to indoleamine dioxygenase meta- 


o Þolites,™ we believe that the weight 
‘of evidence favors a role played by the 


eosinophilia documented in this pa- 
tient. 

It should be noted that although 
tryptophan was discontinued at the 
.time of the initial admission, the pe- 
ripheral eosinophilia only gradually 
improved, leaving an eosinophilic fas- 
ciitis5 months after presentation. This 
observation would lend support to 
early aggressive steroid therapy. 

We presented a patient, whose clin- 
ical presentation was suggestive of a 
stroke syndrome, but in whom there 
existed striking eosinophilia and mul- 
tiple central nervous system lesions 
demonstrated by magnetic resonance 
imaging. To our knowledge this repre- 
sents the first reported case of central 
nervous system involvement due to 
tryptophan-associated eosinophilia. 
This case illustrates the importance of 
specifically inquiring about the inges- 


tion of tryptophan during the evalua- 
tion of a patient with multiple white 
matter lesions, as patients may not 
volunteer information about their use 
of nonprescription medications. 
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Magnetic Resonance Imaging of Fourth Ventricular 


Epidermoid Tumors 


William A. Wagle, MD; Bruce Jaufmann, MD; J. Ernest Mincy, MD 


@ Two pathologically proved cases of 
epidermoid tumor of the fourth ventricle 
are presented; clinical history and com- 
puted tomographic, magnetic resonance 
imaging, and histopathologic findings are 
included. 

(Arch Neurol. 1991;48:438-440) 


Fjpidermoid tumors arise from the 

inclusion of ectodermal elements 
at the time of closure of the neural 
groove, resulting in a heterotopia of 
such elements. Within the central ner- 
vous system, these tumors occur most 
frequently in descending order in the 
cerebellopontine angle, parapituitary 
region, diploe, fourth ventricle, pet- 
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rous bone, and intraspinal space.' The 
name pearly tumor has been applied to 
this tumor because its smooth capsu- 
lar surface sometimes has a mother- 
of-pear! appearance. It has also been 
called a cholesteatoma because the 
soft, white, waxy material that makes 
up the tumor is rich in cholesterol 
crystals. This material is the result of 
progressive desquamation and break- 
down of keratin from the epithelial 
lining of the cyst. Numerous reports 
describing the computed tomographic 
(CT) findings of fourth ventricular epi- 
dermoid tumors generally agree that 
these tumors cause dilatation of the 
fourth ventricle, have a density less 
than water but greater than fat, and 
show no evidence of contrast enhance- 
ment.2* Both eases in this report 
showed similar CT characteristics, and 
on magnetic resonance imaging (0.5 T), 
the tumors were hypointense relative 
to brain parenchyma on T,-weighted 
images (short repetition time; short 
echo time) and hyperintense on Ty 


weighted images (long repetition time; 
long echo time). 


REPORT OF CASES 


Case 1.— A 60-year-old man had a 15-4 © 
year history of dizziness, but in the few ™ 


months prior to surgery he became ataxic 
enough to warrant the use of a cane, and he 
complained of mild headaches. On exami- 
nation, it was observed that he had sus- 
tained nystagmus on right and left lateral 
gaze, with moderate upbeat nystagmus. His 
gait was broad based, and. appendicular 
testing of the upper extremities revealed 
mild decreased function. The findings of the 
remainder of the examination were normal. 
A CT scan showed a low-density, nonen- 
hancing, well-marginated mass within an 
expanded fourth ventricle, associated with 
hydrocephalus (Fig 1, top left), Magnetic 
resonance imaging showed a well-margin- 
ated, homogeneously low-signal . mass 
within the fourth ventricle on sagittal (Fig 


1, top right) T,-weighted images. On axial: 
T,-weighted images, the mass was hyperin- © 


tense and there was no peritumoral edema 
(Fig 1, bottom left). At surgery, a white tu- 
mor with the consistency of cottage cheese 
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Fig 1.—Top left, Enhanced computed tomographic scan shows well-marginated, nonenhancing, low-density mass within the 
fourth ventricle. Top right, Sagittal magnetic resonance image (short repetition time; short echo time) shows low-signal tumor 
within the fourth ventricle with compression of the brain stem and cerebellum. Bottom left, Axial magnetic resonance image 
(iong repetition time; long echo time) shows high-signal tumor within the fourth ventricle. Bottom right, Black-and-white pho- 
tomicrograph (high magnification) of a hematoxylin-eosin preparation showing lamellar keratin debris (heavy straight arrow), 
stratified squamous epithelium (long thin arrow), and outer layer of collagenous material (curved arrow). 


was present within the fourth ventricle, 
clearly separated from the cerebellar hemi- 
spheres and vermis. The microscopic ap- 
pearance of the tumor was typical of an 
epidermoid. The lining of the cyst was com- 
posed of a simple stratified squamous epi- 
thelium supported by an outer layer of col- 
lagenous tissue. Progressive exfoliation of 
keratinous material toward the interior of 
“Sthe eyst produced the characteristic lamel- 
lar appearance (Fig 1, bottom right). 

Case 2.— A 44-year-old woman presented 
with several months of ataxia. On physical 
examination, she had diplopia, nystagmus 
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on extreme lateral gaze to either side, and 
mild appendicular ataxia in the right arm 
and leg. The findings of the remainder of the 
neurologic examination were normal. Mag- 
netic resonance imaging demonstrated 
findings identical to those in case 1. On the 
sagittal T,-weighted image (Fig 2, top), the 
fourth ventricular tumor had low-signal 
intensity, and on the axial T,-weighted im- 
age, it demonstrated homogeneously high- 
signal intensity without peritumoral 
edema (Fig 2, bottom). An angiogram (not 
shown) showed mass effect without evi- 
dence of stain, and a CT sean (not shown) 


showed a nonenhancing, low-density mass 
within the fourth ventricle. At surgery, an 
exophytic white tumor was found in the 
fourth ventricle, and the findings of gross 
inspection were consistent with an epider- 
moid tumor. Histologic examination dem- 
onstrated the characteristic findings of an 
epidermoid tumor, similar to those seen in 
Fig 1, bottom right. 


COMMENT 
The CT characteristics of epider- 
moid tumors of the fourth ventricle 
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Fig 2.—Top, Sagittal magnetic resonance im- 
age (short repetition time; short echo time) 
shows expansion of the fourth ventricle by a 
low-signal mass. Bottom, Axial magnetic reso- 
nance image (long repetition time; long echo 
time) shows high-signal tumor. 


have been described in  detail.** 
Smooth margination, mass effect, and 
lack of peritumoral edema are common 
with these lesions. 

Horowitz et al’ studied five patients 
with epidermoid tumors and found 
that three tumors demonstrated high- 
signal intensity and two tumors low- 
signal intensity on T,-weighted im- 
ages. All five surgical specimens were 
analyzed using C-13 magnetic reso- 
nance imaging spectroscopy. Epider- 
moids with short T, values (white epi- 
dermoids) had negative CT values and 


= high lipid content on magnetic reso- 


nance imaging spectroscopy. The pre- 
dominant component was mixed tri- 


“440 Arch Neurol—Vol 48, April 1991 








cant amount of either free fatty acid or 
cholesterol. Epidermoids with long T, 
values (black epidermoids) had CT val- 
ues approximating water, and exhib- 
ited a reduced lipid content on spec- 
troscopy. Yuh et alf described two 
cases (one proved) of epidermoid tu- 
mor of the fourth ventricle; both were 
hypointense on T,-weighted images 
and hyperintense on T,-weighted im- 
ages. Steffey et al’ described five cases 
of intracranial epidermoid tumor, 
none of which occurred in the fourth 
ventricle. All five were hypointense on 
T,-weighted images and hyperintense 
on T,-weighted images.’ Tampieri et 
al? described nine patients with epi- 
dermoid cysts (five proved), two of 
which were located within the fourth 
ventricle. Two of the nine cases were 
studied on a 0.5-T unit and the remain- 
ing seven on a 1.5-T system, but the 
authors did not indicate if the fourth 
ventricular tumors were studied on the 
0.5- or the 1.5-T system. 

Russell and Rubinstein! do not men- 
tion different characteristics of epider- 
moid tumors depending on their ana- 
tomical position within the brain or 
skull. One can assume that the signal 
characteristics of an epidermoid tu- 
mor within the fourth ventricle are the 
same as those of one within the cere- 
bellopontine cistern. Those epider- 
moids within the diploe might have 
mixed-signal intensity depending on 
the amount of marrow fat within the 
tumor. Multiple cysts may be inter- 
mixed with desquamated epithelium. 
It is progressive desquamation that 
leads to slow expansion of the tumor. 
The differentiating feature between an 
epidermoid tumor and a dermoid tu- 
mor is the presence of skin appendages 
in the latter. Dermoid tumors contain 
hair follicles, sebaceous glands, and 
apocrine glands. The escape of the 
contents of a dermoid or epidermoid 
cyst into the cerebrospinal pathway 
can excite a granulomatous form of 
meningitis in which there is a foreign 
body giant cell reaction to particles, 
particularly the cholesterol granules. 

In our series and in several others, 
the signal pattern has been low-signal 
intensity relative to brain parenchyma 
on T,-weighted images (short repeti- 
tion time; short echo time) and high- 
signal intensity on T,-weighted images 
(long repetition time; long echo time). 


glycerides, but there was no signifi- 


There is frequently a considerable cys- 
tic (water signal) component within 
these tumors that will produce low- 
signal intensity. on T,-weighted im-. 
ages. Cholesterol crystals should notè 
produce high-signal intensity on T,- 
weighted images. Sebaceous glands 
produce proteinaceous liquid that may 
show increased signal on T,-weighted 
images. These glandular structures 
are present in dermoids and teratomas 
but not in epidermoids. We speculate 
that the signal characteristics of epi- 
dermoid tumors of the fourth ventricle 
show hypointensity on T,-weighted 
images because the tumor is composed 
of desquamated squamous epithelium~s 
that contains keratin and because 
there is frequently a cystic (water) 
component. In addition, the outer layer 
of collagenous tissue should not pro- 
duce high-signal intensity on T,- 
weighted images. 

Fourth ventricular epidermoid tu- 
mors are benign tumors that exert 
mass effect, have no peritumoral 
edema, and may be associated with 
hydrocephalus. At 0.5 T, they demon- 
strate decreased-signal intensity rela- 
tive to brain parenchyma on T- 
weighted images and hyperintensity 
on T,-weighted images. 
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rofessional Opportunitie 


NEUROLOGIST: Excelient opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospita! is a 321-bed regional 
referral center, with a comprehensive neurophysi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University’s College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. If this special opportunity is of 
interest to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street, Marquette, MI 49855 


BE/BC NEUROLOGIST 


To join an associate neurlogy practice in south- 
central Nebraska. This opportunity comes with 
the full support of your colleages and offers 
exceptional life style and practice potential. In- 


come guarantee, relocation, MP, office paid. Send 
CV or contact: Armando L. Frezza, President, 
Medical Support Services, 8806 Baicones Club 
Drive, Austin, TX 78750. Office (800) 288-7420, 
FAX (512) 331-6741. 





BC/BE NEUROLOGIST NEEDED — California. 
Excellent opportunity to establish your own private 
practice with no investment, guaranteed income. 
Strong referral base. Proficiency in EEG/EMG 
required. Well equipped, 112-bed, full-service hos- 
pital. Our service area population is now 90,000: a 
growing area with new businesses and stable econ- 
omy. Located in central California near Sequoia 
National Park, Tulare offers an excellent family- 
oriented lifestyle and all expected amenities. Beauti- 
ful homes close to hospital and office are affordably 
priced. Good schools, many community activities 
and abundant recreation including golf, tennis, 
mountain and equestrian activities. Easy access to 
all California's major metropolitan and resort areas. 
Please contact: Tulare District Hospital Physician 
Recruiting Office, P.O. Box 90112, Los Angeles, CA 


DOCTORS IN YOUR SPECIALTY are the best 
market for used/serviceable equipment that may be 
surplus to your needs. Advertise this equipment in 
an AMA specialty journal and reach your market. 
Call our “Classified Advertising” office toll free: 
National (800) 237-9851: in Florida (800) 553-8288. 








NEUROLOGIST to join dynamic, midwest neurol- 
ogy group. This very busy practice is seeking an 
energetic neurologist with a strong interest in the 
clinical care of patients. This opportunity is located 
in a desirable, midwestern community abundant in 
cultural and sporting activities. The practice has a 
well-equipped radiology department with MRI and 
CT, and also, neurophysiology and neuropsychol- 
ogy departments. The appropriate candidate must 
be energetic, pleasant, BC/BE, with EMG expe- 
rience. Please send curriculum vitae to: Box #814, 
c/o AON. 





MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. Con- 
tact: William Gfeller, 450 Hookahi Street, Wailuku, 
Maui, HI 96793. (808) 244-5541. 















































CHICAGO SUBURBAN solo practitioner with a 
busy practice seeking a full-time BC/BE clinical: 
neurologist. EMG skiils required. immediate open-: 
ing. Wonderful opportunity to expand with possible: |: 
early partnership. Reply with CV to: Yvonne Jurcik, i: 
MD, 125 East Lake Cook Road, Buffalo Grove, it 
60089. 


EXCELLENT OPPORTUNITY for BC/BE neurolo-.. 
gist to join 80-physician, comprehensive, multi} 
specialty group in San Francisco Bay Area. Large, 
varied referral base from pediatrics, IM, FP, and 
surgery. EMG/NCV, EEG, evoked response testing, 
CT, MRI, radiology support all available on site: 
Opportunity to interface with sepcialists of all types. 
including neurosurgeons. Major university teaching: © 
affiliation encouraged and possible. Close proxim- 
ity to 400-bed full service, modern hospital serving 
population of 300,000. Competitive guaranteed 
salary with bonus productivity plan for initial 18° |. 
months leading to partnership track. Extensive: 
benefit package including housing incentives. Uni- 
que cultural, recreational and educational opportu- 
nities. Send CV to: Gary D. Zweig, MD, Recruitment |. 
Chairman, Sunnyvale Medical Clinic, P.O. Box 
3496, Sunnyvale, CA 94088-3496. 


KANSAS — Board-certified, board-eligible neurol- 
ogist to join child neurologist in rebuilding a three- 
person practice in the largest city in Kansas. Three’ 
large, well-equipped hospitals available for resident.’ 
and undergraduate medical education. Located in 
clean, progressive community described as. the 
franchise capital of the country. Competitive salary 
and benefits available. Send CV to: Richard C, 
Gilmartin, MD, 2620 East Central, Wichita, KS 67214. 


NEUROLOGIST 


Minneapolis/St. Paul — BC/BE adult neurolo~ 
gist wanted to join four other neurologists ina’ 
diverse practice consisting of both inpatient 
and outpatient settings. Group Health, Inc. isa 
non-profit, member governed HMO with one 
of the largest multi-specialty group practices 
in the Midwest. Our physicians are given the 
ability to focus.on practicing high quality, 
cost-effective medicine in an.environment that... 
is relatively free of administrative duties. The 











Twin Cities are recognized as one of the best 

areas in the country to raise a family. The 

communities provide excellent schools, count 

less cultural events, numerous recreational 

activities, and a myriad of lakes and parks. 
To inquire, please call: (612) 627-6122, 


Or send CV to: 


Group Health, Inc. 
Attention: Ann Johnson 
2829 University Avenue SE 
Minneapolis, Minnesota 55414 


JULY 1991 — ASSOCIATE WANTED. Outstanding: 
opportunity. $200K net probable by end of first year. 
Fully equipped neurologic institute. Only the best 
need apply. Send CV at once: Southeastern Neuro- 
science Institute, Inc., 5143 University Boulevard; 
West, Suite 3, Jacksonville, FL 32216-5939. (904) 
733-0707; FAX (904) 730-9173. : 


THIRD NEUROLOGIST, 8C/BE, desired for grow- 

ing neurology practice in southern Michigan: i- 
EMG/EEG expertise and strong clinical skills 
required. Wide referral base. Equipped neuro 
physiological laboratory available. Exceptiona’ 
lifestyle and cultural resources. Attractive salary and 
incentives leading to parternship in one year. Please 
write to: Neill S. Hirst, MD, 250. West. Eisenhower 

Parkway, Suite 100, Ann Arbor, Mi 48103. Or call: | 
(313) 665-6638. : i 






















BC/BE neurologist 
wanted to join a busy 
neurology group in the 
northeastern region. 


Situated in a 

beautiful summer/winter 
recreational area, in 
close proximity to 
several major cities. 





This is an excellent 
professional opportunity 
in a rapidly growing 
community. 












Highly competitive 
salary and fringe 
benefits with early 
partnership. 







Please reply to: 























Box #816, c/o AON 





Employer M/F/H/V. 





Geisinger Medical Center 


This 577-bed medical center, located in Danville, Pennsyivania, is the 
largest rural tertiary referral center in the country. The 275 full-time 
professional staff represents 63 specialties, and are supported by basic 
and clinical research and 16 accredited residency programs. 


NEUROLOGY 


The Geisinger Clinic seeks three superior candidates to join eleven 
adult neurologists, three pediatric neurologists, and a full-time neuro- 
psychologist. Candidates possessing skills in general neurology, 
neuro-epileptology, or neuroimmunology are preferred. These unique 
positions offer opportunity for clinical, teaching, and research activi- 
ties. Candidates must possess excellent clinical skills and be board 
certified/eligible in neurology. A comprehensive neurophysiology lab 
provides support in EEG, EMG, evoked response, transcranial Dop- 
pler, and ocular motor vestibular testing. Additional on-site support 
includes three CT scanners and two MRIs. 


Geisinger offers an excellent compensation package and a family- 
oriented lifestyle and easy access to New York City, Philadelphia, Pitts- 
burgh, and Washington, D.C. Applicants should send CV to: Anthony 
P. Turel, M.D., Director, Department of Neurology, Geisinger Med- 
ical Center, Danville, Pennsylvania 17822-1405. Equal Opportunity 


Geisinger 
ee 





CHICAGO — BC/BE neurologist to join existing 
practice. Highly motivated individual with strong 
clinical skills and EMG/EEG expertise needed to 
join two busy neurologists. Very strong medical 
school affiliation with teaching responsibilities. for 
neurology and internal medicine, residents and 
medical students. Large referral base. Excellent 
benefit package. Please provide CV. Please contact: 
Box #818. c/o AON. 


SEEKING ENERGETIC BE/BC NEUROLOGIST to 
join three adults and one child neurologist. Prefer 
someone with interest in general neurology and 
special interest and training in any of the following 
areas: sleep medicine, neurophysiology testing, 
neuro-rehabilitation, pain, or neuro-intensive care. 
Excellent medical community with all of the suppor- 
tive consultants and technology. Send CV to: Neuro- 
logical Associates of Grand Rapids, PC, 2855 Mich- 
igan Street, Northeast. Grand Rapids, MI 49506. 


CHARLOTTE, NORTH CAROLINA: High quality 
group of six neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained specialist. 
Contact: Mike Kaufman, MD, 126 Cottage Piace, 
Charlotte, NC 28207. Or call: (704) 334-7311 
SOUTHEAST COAST — The Neuroscience Center 
of a 190-bed regional medical center is seeking a 
BC/BE neurologist to join in close association with 
their existing neurosurgeons. Exceptional medical 
facilities and neurological services including 
EEG/EMG, EP, CT, MRI. Excellent income guaran- 
tee plus benefits — large drawing area provides for 
outstanding potential. Located ninety minutes from 
one of this country's premiere seaside resorts, this 
dynamic community offers a quality lifestyle. Call 
Mark Prosperi at (800) 776-5776 for more details or 
send CV to: Cejka & Co., 1034 South Brentwood 
Boulevard, St. Louis. MO 63117 


PLEASE NOTE—Address replies to box number 


ads as follows: Box number, , c/o AON, 


P.O. Box 1510, Clearwater, FL 34617. 
















EXPANDING, DYNAMIC ADULT. neurology prac- 
tice — BC/BE neurologist to join rapidly growing 
office and multi-hospital practice in New Jersey — 
15 minutes from Manhattan. Candidate must be ? 
energetic and personable. EMG, EEG experience 
preferred. Send CV to: Joseph Sobelman, MD, 834 
Avenue C, Bayonne, NJ 07002. 


NEUROLOGIST 


Neurologist, board-eligible or board- 
certified, with EEG, EMG, EP and neuro- 
CT needed to join an adult neurologist-in 
a 32-physician multi-specialty clinic, 100 
miles southeast of St. Louis. Population 
28,000 plus 25,000 Southern Illinois Uni- 
versity students. 


Opportunity exists for affiliation with SIU 
Medical School. No capital investment. 


Flexible compensation package with 
generous fringe benefits including health 
and disability, vacation, CME leave, and 
profit sharing retirement plan. 

Contact: 


William R. Hamilton, 
CEO/Medical Director 
CARBONDALE CLINIC 
2601 West Main 
Carbondale, IL 62901 @ (618) 549-5361 








FLORIDA’S CENTRAL EAST COAST—Adult 
neurologist with EMG training wanted to join group dr: 
of eight neurologists. We live an a high tech, beach- "|" 
side community with great schools and affordable 
housing. Please send CV to: Search Committee, 
P.O. Box 693, Melbourne, FL 32902. 





WANTED: 
NEUROLOGIST 


New Orleans, Louisiana 






Well established neurology 
group in west New Orleans 
suburb, seeking recently 
trained, board-certified or AL 
board-admissable neurologist |] 
to join a very busy practice of 
clinical and hospital adult 
neurology. 





Competitive salary and early 
partnership, in a superb 
practice setting with a 
pleasant lifestyle. 





Send curriculum vitae to: 


Dennis Bottomley 


Physician Placement Service 
of America 
330 Franklin Road 
Box 897 
Brentwood, TN 37024 
Or call: (800) 359-7421 
FAX: (615) 395-4764 






























EXCELLENT OPPORTUNITY for BC/BE neurolo- 
gist to join 80-physician comprehensive, multi- 
specialty group in San Francisco Bay Area. Large, 
ye referral base from pediatrics, IM, FP, and 
Surgery. EMG/NCV, EEG, Evoked Response Test- 
ing, CT, MRI, Radiology support all available on site. 
Opportunity to interface with specialists of all types 
including neurosurgeons. Major university teaching 
affiliation encouraged and possible. Close proxim- 
ity to’ 400-bed full service, modern hospital serving 
population of 300,000. Competitive guaranteed 
salary with bonus productivity plan for initial 18 
months leading to partnership track. Extensive 
benefit package including housing incentives. Uni- 
que cultural, recreational and educational opportu- 
nities. Send CV to: Gary D. Zweig, MD, Recruitment 
Chairman, Sunnyvale Medical Clinic, P.O. Box 
3496, Sun e, CA 94088-3496 


SOUTHEAST COAST — Pediatric Neurologist: 
Excellent quality of life available in Savannah-Hilton 
Head Area, site of the 1996 Olympic Games sailing 
-events. Outstanding recreational opportunities, 
nation's largest urban Historic District, and superb 
symphony are among the attractions of living here. 
_ Awell-trained, personable neurologist with special 
competence in child neurology is needed for a busy 
practice, currently consisting of two adult neurolo- 
gists and one neurologist doing adult and child neu- 
rology, all with strong academic backgrounds. CT, 
EEG, EMG and physical therapy are available in- 
office with large haspital practice available in three 
hospitals, including a major regional teaching hos- 
pital, affiliated with the Medical College of Georgia. 
First year guarantee is $80,000 plus bonus, leading 
to full partnership after two years. Earnings poten- 
tial, availability of strong multi-specialty support, 
and opportunities for teaching are extraordinary. If 
interested contact: Randy Wellman, Office Man- 
Jager, Savannah Neurological Associates, PC, P.O. 
"Box 23059, Savannah, GA 31403. (912) 354-8151. 


—OHIO— 


| Very successful neurology group is seeking 
their third neurologist. Office conveniently 
located on the campus of a modern 
_ hospital located in a rapidly expanding 
suburb. This progressive city with its 
medical school and state university is an 











ideal place to satisfy both personal and 
professional needs. To learn more about 
this attractive opportunity we encourage 
you to call Barbara Lakoski at 1-800-243- 
4353 or send your CV to: 


STRELCHECK & ASSOCIATES, INC. 
12724 N. Maplecrest Lane 
Mequon, WI 53092 


ADULT NEUROLOGIST to associate with two 
separate, busy solo neurologists. Practices are ref- 
kerrat based, with two separate offices and three 

voluntary hospitals. Successful candidate would be 
“expected to develop a separate solo, but collabora- 
“tive practice. Established physicians would expect 

to provide substantial support for beginning physi- 
cian. Opportunity would provide for crass coverage 
and joint venturing of facilities. Successful candi- 
date should have excellent clinical skills, The medi- 
cal community has excellent neurophysiology, neuro- 
radiology, and neurosurgery. Located in a medium 
size city with both excellent living conditions and an 
extremely solid economic base. Please contact: Jef- 
frey A. Ribner, MD, 503 Plaza Drive, Vestal, NY 

13850. (607) 729-1521 or Robert R. Taylor, Jr., MD, 

269 Riverside Drive, Johnson City, NY 13790. (607) 

798-7143. 


DENVER — Extremely busy, five-physician group 
with three Denver area offices are now seeking their 
w fourth neurologist. Two members are neurosur- 
aeons. Send CV to: Gordon Crawford, Manager, 
Professional Relations, Humana Inc., Department 
AN-4, 500 West Main Street, Louisville, KY 40201- 
1438,-Or call toll-free (800) 626-1590. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, ——, c/o AON, 
.P:0. Box 1510, Clearwater, FL 34617. 











SOUTHERN COLORADO: Exceptional practice 
and area. Opportunity to work with highly respected 
neurologist within a multi-specialty group. Practice 
to include: adult neurology, EEG, EMG, evoked 
potentials, CT and MAI. This vibrant community of 
150,000 is located along the front range of the beau- 
tiful Rocky Mountains providing for a lifestyle 
second to none. Highly competitive first year 
income plus comprehensive benefits and relocation 
followed by partnership offering. For further detalis 
reply to: Wendy Perlman, 7385 Galloway Road, 
Miami, FL 33173. Or call: (809) 327-1585. 





COMPHEALTH provides the finest locum tenens 
(temporary physician staffing) service nationwide. 
Each CompHeaith neurologist is carefully screened 
and referenced ensuring you competent, reliable 
coverage. Have your practice covered or join us and 
cover other practices. Call CompHeaith. the nation's 
oldest and largest supplier of temporary physician 
staffing services at: (800) 328-3043 toll-free: in Utah 
(801) 264-6400. Or write: 4021 South 700 East, Salt 
Lake City, UT 84107. 





Faculty Positions — 





FACULTY POSITION — Available at Winthrop- 
University Hospital, a 548-bed major teaching affil- 
iate of SUNY Stony Brook School of Medicine. Can- 
didate should demonstrate excellence in patient 
care, teaching and research, as well as have an 
interest in pursuing a limited private practice. Exper- 
tise in EMG is desirable. Applicants should be 
board-certified/board-eligible. Interested applicants 
should send their curriculum vitae to: Malcolm H. 
Gottesman, MD, Acting Chief of Neurology, 
Winthrop-University Hospital, Division of Neurol- 
ogy, 222 Station Plaza North, Suite 438, Mineola, NY 
11501. EOE. M/FIHN. 


CHIEF PEDIATRIC NEUROLOGY: A faculty pe posi- 
tion is available as Chief of the Division of Pediatric 
Neurology at the Nemours Children’s Clinic. We are 
seeking an individual who is board-certified in pedi- 
atric neurology. In addition to direct patient care 
responsibility, the position offers academic appoint- 
ment with the University of Florida at the level of 
Associate Professor/Professor. Guaranteed salary 
will be commensurate with applicant’s experience. 
Please send CV to: Stephen Commins, MD, Chair- 
man, Search Committee, Nemours Children’s Clinic 
807 Nira Street, Jacksonville, FL 32207, Academic 
status is offered by the University of Fiorida, an 
equal opportunity/affirmative action employer with 
whom Nemours is affiliated Recruiting deadline: 
May 1, 1991. 


ASSISTANT/ /ASSOCIATE PROFESSOR position — _ 
The Department of Neurology at the University of 
Minnesota Medical School has an opening for a 
tenure track Assistant/Associate Professor with 
subspecialty expertise in peripheral nerve and neu- 
romuscular disease and in clinical electrophysiol- 
ogy. The candidate must have an MD, demonstrated 
ability to carry out peer-review funded independent 
research, and board-eligible in Neurology. The 
candidate will develop clinical care, training, and 
research programs in peripheral nerve disorders. 
Background should include fellowship in neuro- 
muscular disease, training and board-eligibility/ 
-certification in clinical neurophysiology with capa- 
bility of directing a clinical laboratory, and a record 
of high-quality original publicaitons in peer-reviewed 
journals, etc. To be considered at the Associate 
Professor level, the candidate must show profes- 
sional distinction in research and writing and dem- 
onstrated effectiveness in teaching and advising. 
This Assistant/Associate Professor will serve as an 
attending physician on the Neurology service and 
will participate in the teaching of residents, under- 
graduate, and graduate students. Applicants should 
send a CV by May 31, 1991 to: Richard W. Price, MD. 
Professor and Head, Deprtment of Neurology, Box 
295, UMHC, Harvard Street at East River Road, Min- 
neapolis, MN 55455. The University of Minnesota is 
an equal opportunity employer and specifically 
invites and encourages applications from women 
and minorities. 





Neurologist a 





neurologist to join our very 
busy practice. Small-town 


MRI, CT, sleep lab, EEG, EMG, 

neurosurgery, cardiac surgery, 

orthopedic surgery, cancer 
center, GI lab, and ENT 


Ralph A. Wolf, Administrator 
300 N. Eisenhower Avenue 


IMMEDIATE OPENING 


NEUROLOGIST 


Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 
competence in EEG, EMG and 
evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 


Please submit CV to: 








The Mason City Clinic 
iS a progressive 
ulti-specialty clinic in 
the Heartland. 













We are looking for a 






security within two 
hours of Minneappolis 
and Des Moines. 














capabilities. 








Excellent salary 
and benefits. 


Submit CV to: 












Mason City, IA 50401 
(515) 423-2435 









FORA 
GENERAL 





EAST 
TENNESSEE 
NEUROLOGY 
CLINIC 


Suite 501 
Baptist Professional 
Building 











Knoxville, TN 37920 | : 

























MADISON, 
WISCONSIN 


Dean Medical Center, a 225- 
physician multi-specialty group is 
actively seeking an additional 
neurosurgeon to join the Neuro- 
sciences Department. The Neuro- 
sciences Department consists of three 
neurosurgeons, six neurologists and 
one neuropsychologist. 
















The neurosurgeons currently have 
a large volume of surgery cases (only 
10% trauma) at St. Marys Hospital, a 
840-bed facility located five blocks 
from the clinic. Ideal candidate 
should have interest in general and 
vascular neurosurgery, and desire a 
long term commitment to Dean 
Medical Center. All candidates must 
be board-eligible with goals to be- 
come board-certified. 

Competitive salary and benefits 


provided with this position. For more 
information, send CV to or contact: 










Seott M. Lindblom 
Dean Medical Center 


1313 Fish Hatchery Road 
Madison, WI 53715 


Work: (608) 252-8022 
or 
Home: (608) 276-8989 


Cognitive Neuroscience Fellowships 


Cognitive Neuroscience Section « Medical Neurology Branch 
National Institute of Neurological Disorders and Stroke 
National Institutes of Health e Public Health Service 





LOYOLA UNIVERSITY Chicago Stritch Schoo! of 
Medicine. Department of Neurology invites applica- 
tions for two positions at the assistant professor 
level. Applicants should be board-eligible or -certified 
in neurology and have subspecialty expertise in 
either epitepsy, movement disorders, cerebrovascu- 
lar or neuromuscular diseases. Preference will be 
given to candidates with clinical research interests. 
Send CV to: Gastone Celesia, MD, Chairman, Neu- 
rology Department, Loyola University Chicago, 2160 
South First Avenue, Chicago, IL 60153. Loyola Uni- 
versity Chicago is an equal opportunity/affirmative 
action employer. 





Fellowships — -o 


CEREBROVASCULAR FELLOWSHIP available in 
Department of Neurology at the University of New 
Mexico. Individual will participate in clinical drug 
triais and research involving spect 'H-NMR spec- 
troscopy, MRI angiography and magnetoencepha- 
lography. Contact: Gary Rosenberg, MD, University 
of New Mexico Medical Center. Department of Neu- 
rology, Albuquerque, NM 87131-5281. (505) 277- 
3342. EEO. 





Residencies 


NEUROLOGY RESIDENCY PGY-2 position Stan- 
ford University — An unexpected neurology resid- 
ency position is available starting July, 1991 at Stan- 
ford University Medical Center. For further infor- 
mation, contact: Dr. Gregory W. Albers, Director, 
Residency Training Program, Department of Neu- 
rology and Neurological Sciences, Stanford Univer- 
sity Medical Center, Stanford, CA 94305. Equal op- 
portunity employer. 








SECOND YEAR NEUROLOGY RESIDENCY — 
Opening July 1991 for PGY3 resident in George- 
town University Program. Send CV to: Jonathan H. 
Pincus, MD, Professor and Chairman, Georgetown 
University Hospital, Department of Neurology, 1 
Bles Building, 3800 Reservoir Road, NW, Washing- 
ton, DC 20007. (202) 784-2170. EOE. 


offered by the 











THE UNIVERSITY OF CHICAGO. Neurology 
Department is offering a second year neurology 
residency position (PGY 3) beginning July. 1991. For. 
information contact: Richard P. Kraig, PAD, MD | 
Residency Director, Department of Neurology, Uni- 
versity of Chicago Medical Center, 5841 South 
Maryland, BH - Box 425, Chicago, IL 60637. (312) 
702-0151. 


THE UNIVERSITY OF CINCINNATI Neurology De- 
partment is offering a second year neurology resi- 
dency position {PGY3) beginning as soon as possi- 
ble. For information contact: Joseph P. Broderick, 
MD. Residency Director, Department of Neurology, |. 
University of Cincinnati Medical Center, Cincinnati... 

OH 45267-0525. (513) 558-5431. 








Medical Equipment / Sup 


SOLO PHYSICIAN joining group has used equip 
ment in good condition for sale; Nicolet Evoke: 


Potential, EMG. Oxford Ambulatory EEG (scanner, 
recorder, sleep stages), Biosound Carotid Ultra- 
sound imager. Contact: Paul Bustion, MD, 1801 
North Senate Boulevard, Suite 510, Indianapolis, IN 
46202. (317) 929-5828. 












FOR SALE — BIOLOGIC Ill 
20 channel EEG/VER; color jet printer; 
80286 16 bit microprocessor. 514” dbi/ 
dbi floppy with 1.2 MEG storage; 20 
MEG hard disk; RGB 13” CRT. Cart, 
banker. $50,000 OBO. 

Contact Barbara Jessen: (206) 242-0201. 


1985 NIHON KOHDEN Neuropack 8 Evoked Poten- 
tial Machine-VEP, BAEP, SSEP: with color monitor 





and plotter. Excellent condition: $15,000. (703) e’ 


885-6000. 


PLEASE NOTE-—Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O, Box 1510, Clearwater, FL 34617. 








Starting Date: Summer or Fall, 1991 









We are seeking psychologists with a strong interest in either 
memory and amnesia, reasoning and problem solving, social 
cognition or cognitive event-related potentials. Exceptional 
candidates with other areas of interest will be considered. The 
Research Fellow positions will be in the Cognitive Neuroscience 
Section of the Medical Neurology Branch, NINDS, NIH. The 
Cognitive Neuroscience Section conducts research in the 
following areas: Memory and Amnesia, Neurolinguistics and 
Aphasia, Visual Attention, Perception and Agnosia, Cognitive 
Psychophysiology, Frontal Lobe Functions, and Knowleage 
Representation using cognitive science, neuropsychological and 
evoked-response techniques. A variety of normal control and 
patient populations are being studied including Stroke, 
Parkinson's Disease, Cerebellar lesions, Alzheimer's Disease, 
Encephalitis, Demyelinating Disorders, HIV Dementia, Brain 
Tumors, Head Injury, Multiple Personality Disorder, Chronic 
Fatigue Syndrome, Dystonia, and Progressive Supranuciear 
Palsy. The ability to conduct original research, as well as engage 
in collaborative research, is required. Candidates trained in 
cognitive science/psychology programs are encouraged to apply. 


The Cognitive Neuroscience Fellowships include tutorial 
training in neurobehavioral assessment and diagnostics, 
participation in clinical rounds, development of research projects, 
and seminar presentations. The training program is oriented 


towards developing skills and credentials for a career in cognitive 
neuropsychology. As a Research Fellow, your salary will range 
from $24,000 to $40,345 depending on experience and 
qualifications. Travel expenses and Federal health care benefits 
are available. 

For further information, please contact: 

Jordan Grafman, Ph.D., Chief 

Cognitive Neuroscience Section 

Medical Neurology Branch 

NINDS, NIH 

Building 10, Room 5C422 

9000 Rockville Pike 

Bethesda, Maryland 20892 

(Phone: 301-496-0220) 

interested candidates should send a vitae, statement of 
research interests, representative reprints or pre-prints, and three 
letters of recommendation to Dr. Grafman. For further information 


and qualification requirements contact Glenn Hartzoge, NINDS 
Personnel Office, (301) 496-6334. 


NIH IS AN EQUAL OPPORTUNITY EMPLOYER 
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Behaviorai Neurology Fellowship 
offered by the 


Cognitive Neuroscience Section * Medical Neurology Branch 
National Institute of Neurological Disorders and Stroke 


National Institutes of Health è Public Health Service 
Starting Date: July 1, 1991 


We are awarding a Behavioral Neurology Fellowship 
beginning July, 1991. We are seeking a Board Certified or 
eligible neurologist with a strong research interest in the 
brain mechanisms underlying cognitive functioning. The 


Clinical Associate position will be in the Cognitive 
Neuroscience Section of the Medical Neurology Branch, 
NINDS, NIH. The Cognitive Neuroscience Section conducts 
- research in the following areas: Memory and Amnesia, 


participation in clinical rounds, development of. research 
projects, and seminar presentations. The training program 
is oriented towards developing skills and credentials for a 
career in academic neurology. Clinical Associates receive - 
an initial salary of $37,000 a year. Moving expenses, travel 
expenses and Federal health care benefits are available. 


For further information, please contact: 


| [| Neurolinguistics and Aphasia, Visual Attention, Perception 
cand Agnosia, Cognitive Psychophysiology, Frontal Lobe 
Functions, and Knowledge Representation using 
‘neuropsychological and evoked-response techniques. A 
variety of patient populations are studied including Stroke, 
Parkinson's Disease, Cerebellar lesions, Alzheimer's 
Disease, Encephalitis, Demyelinating Disorders, HIV 
Dementia, Brain Tumors, Head Injury, Multiple Personality 
Disorder, Chronic Fatigue Syndrome, Dystonia, and 
Progressive Supranuclear Palsy. The initiation of 
experimental pharmacological intervention studies in 
patients suffering from memory impairment is encouraged. 


Jordan Grafman, Ph.D., Chief 
Cognitive Neuroscience Section 
Medical Neurology Branch 
NINDS, NIH 

Building 10, Room 5C422, 

9000 Rockville Pike 

Bethesda, Maryland 20892 
(Phone: 301-496-0220) 


For further information and qualification requirements 
contact Glenn Hartzoge, NINDS Personnel Office, (301), 
496-6334. 


NIH IS AN EQUAL OPPORTUNITY EMPLOYER 





The Behavioral Neurology Fellowship includes tutorial 
training in neurobehavioral assessment and diagnostics, 











al Services 


We Target The Physician 
You Want! 


Send us your advertising order today. Just complete the coupon below and 
attach your typewritten copy. The next available issue is June which closes 
Thursday, April 25th. 


The classified rate is $1.00 per word for one issue. For three issues or more, the 
rate is $ .90 per word per issue. Minimum classified ad is 20 words. 


CLASSIFIED ORDER FORM — — 


AMBULATORY 
EEG SCANNING SERVICE 


For 24-hour EEG recordings by Oxford 3000 
- Systems. Same day report upon receipt of tape. 
Call: EEG Department 
DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 























WRITE BRIEF REVIEWS on topics in neurology for 
“$800-$1,000. Respond with CV to: Dr. S. Demeter, 
Arbor Publishing Corp., 333 Metro Park, Suite N- 
208, Rochester, NY 14623. 


grekler? 


Medical Office Systems ™ 


. Practice Management Systems 

« Insurance Billing Systems 

* Electronic Ciaims Systems 

* Bar Coding Systems 

* Medical Records Systems 

Easy installation-operation. advanced muit- 

user capabilities, tol free support services 

Soltware purchase qualities for substantial 

Savings on IBM PS2 computers. For free 

info ar demo disk: 

| AMERICAN MEDICAL SOFTWARE 
PLO Box 236 Edwardsulle, 1k 62025 
800-423-8836 618-692-1300 


Please insert my ad ————— times, beginning with the n issue. 





Place. my ad:underthe heading -irens ts 





Enclosed is my check for $ —————— Sa = a 
must be prepaid with order. 


. All advertising 





Institution —— 








GOMTACE PSPS ON, ens ah a net eh aa 


Address ... i 











City Te ee ayp teen 





Area Code & Telephone Number eee 





Authorized Signature _. = : om EES 





Send ali copy and payments to: 


ARCHIVES 


Neurology 


Classified Department 
P.O. Box 510. Clearwater, Florida 34617 
National (800) 237-9851 O Local (813) 443-7666 








ASE NOTE— Address replies to box number 
as follows: Box number, n C/0 AON, 
ox 1510, Clearwater, FL 34617. 
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TRIGGERS 
MIGRAINE 


















ABORTS 
MIGRAINE 





lergoramine tartrate 


Ng ONO COTPIRING) tabets uecositries 


e @ Highly Effective: 
Aborts migraines before they start 
Stops migraines in progress 
~ 


@ Reliable and Predictable 


fant The choice from the start 


"MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 





SANDOZPHARMACEUTIC. 


1201} 503 


Corporation, E. Hanover, NJ 07936 į 





ALS C-CAF-0689-01 
00 1991 Sandoz Pharmaceuticals Corporation 














 (ergotamine tartrate and caffeine) tablets, USP 
 - (ergotamine tartrate and caffeine) suppositories, USP 


"DESCRIPTION 


- Gafergot® (ergotamine tartrate and caffeine) Tablet 
<o ergotamine tartrate USP o.oo eee cece cece cece eee e eee ee cess eeeneteecri eens 1 mg 
SP MOEN UGE isos cos x EE weds Coen areas areal eaSi sa papeivaahyrdaylaawwbetees 100 mg 


-c [nactive ingredients: acacia, carnauba wax, lactose, methylparaben, povidone, propyiparaben, sodium 
benzoate, sorbitol, starch, stearic acid, sucrose, synthetic black ferric oxide, synthetic red ferric oxide, 
synthetic yellow ferric oxide, talc, tartaric acid, and titanium dioxide. 


“Cafergot® (ergotamine tartrate and caffeine) Suppository 


“-ergotamine tartrate USP . 
caffeine USP 0.0... > 


inactive Ingredients: cocoa butter NF and tartaric acid NF. 


Gafergot® (ergoramme tartrate and caffeine} suppositories are sealed in foil to afford protection from cocoa 
+ butler leakage. It an unavoidable period of exposure to heat softens the suppository, it should be chilled 
in ice-cold water to solidify it before removing the foil. 


ACTIONS: Ergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the smooth 

“sc musele of peripheral and cranial blood vessels and produces depression of central vasomotor centers. The 

compound also has the properties of serotonin antagonism. In comparison to hydrogenated ergotamine, 
the adrenergic blocking actions are less pronounced and vasoconstrictive actions are greater. 

Caffeine, also a cranial vasoconstrictor, is added to further enhance the vasoconstrictive effect without 
the necessity of increasing ergotamine dosage. 

Many migraine patients experience excessive nausea and vomiting during attacks, making it impossible 
for them to retain any oral medication, In such cases, therefore, the only practical means of medication 
is-through the rectal route where medication may reach the cranial vessels directly, evading the splanchnic 

“vasculature and the liver, 


INDICATIONS 


Catergot® (ergotamine tartrate and caffeine) 

Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants or so-called 
“histaminic cephalalgia”. 
CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis and pregnancy. 

Hypersensitivity to any of the components. 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
-usé of the orally or rectally administered drugs, care should be exercised to remain within the limits of 
recommended dosage. 

Ergatism is manifested by intense arterial vasoconstriction, producing signs and symptoms of peripheral 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smooth muscle. In 
chronic intoxication with ergot derivatives, headache, intermittent claudication, muscie pains, numbness, 
coldness and pallor of the digits may occur If the condition is allowed to progress untreated, gangrene 
can result. 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
,cases have involved apparent if ike There are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patients, particularly 
co those who have used the medication indiscriminately over long periods of time, may display withdrawal 

“Symptoms cansisting of rebound headache upon discontinuation of the drug. 

i There have been reports of drug abuse and psychological dependence in patients on Cafergot® {ergotamine 
: -tartrate and caffeine) therapy. Due to the chronicity of vascular headaches, it is imperative that patients 
“be advised not to exceed recommended dosages with long-term use to avoid ergotism. 
‘ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur. These include 
pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
in. Although these effects occur most commonly with long-term therapy at relatively high doses, they 
ave also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 
“or bradycardia, nausea, vomiting, localized edema and itching. 
`i: DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack. 


[PRODROMAL PHASE] PAIN PHASE 


2 tablets at start of attack: f additions! tablet 
levery % hour, if needed for fuli relief 


{4 he ne ("| 


ORALLY i E ere ae ae 
-OR w. 
1 suppository at start of attack: second sup- 


jpository after f hour. if needed for full relief 


A tae A 
RECTALLY| |f iF 

iF iF 

i iF 

if \ 

k k 


T 


Eatty Administration Gives Mansur EHechveness 


-.2mg 
.. 100 mg 








“MAXIMUM ADULT DOSAGE 
«i. Orally: Total dose for any one attack should not exceed 6 tablets. 
Rectally: Two suppositories is the maximum dose for an individual attack. 


Total weekly dosage should not exceed 10 tablets or 5 suppositories. 
In carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of Cafergot® (ergotamine tartrate and caffeine) 
are due primarily to the ergotamine component. The amount of caffeine is such that its toxic effects will 
be overshadowed by those of ergotamine Symptoms include vomiting, numbness, tingling, pain and cyanosis 
Of the extremities associated with diminished or. absent peripheral pulses; hypertension or hypotension; 
drowsiness, stupor, coma, convulsions and shock. A case has been reported of reversible bilateral papillitis 
ay ng scotomata in a patient who received five times the recommended daily adult dose over a period 
of 14 days. 

Teamen consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. 
Maintenance of adequate pulmonary ventilation, correction of hypotension, and control of convulsions are 
important considerations, Treatment of peripheral vasospasm should consist of warmth, but not-heat, and 

“protection of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised to 
“avoid aggravating an already existent hypotension. 


“HOW SUPPLIED 


Catergot {ergotamine tartrate and caffeine) Tablets 

Shell pink colored, sugar coated, smprinted “CAFERGOT” on one side, “ Â on other side. Bottles of 

*»-250, NDE 0078-0034-28, and cartons of three SigPak® {dispensing unit} packages, each containing 30 
tablets in individual blisters, NDC 0078-0034-42. 


Cafergot® (ergotamine tartrate and caffeine} Suppositories 
Sealed in fuchsia-colored aluminum foil, imprinted “ s&s CAFERGOT® SUPPOSITORY 78-33 SANDOZ". 
Boxes.of 12, NDC 0078-0033-02. 
[DECEMBER 1, 1990 CAF-226] 


-A SANDOZPHARMACEUTICALS 


Corporation, Es Hancves. NJ 07936 [201] 503-7500 
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My catalogs — sent free 





on request — contain 






good selections of 









neurology 
e 


WEBB DORDICK 
15 Ash Avenue 
Somerville, Massachusetts 
02145 
e 
(617) 776-1365 
e 


Please write or phone 
for an appointment 


ee 





























CLASSIFIEDS 
TARGETED TO YOU 


Every month this journal now has 
a special “Classified Advertising” 
section full of professional 
opportunities in your specialty. 

It’s a highly visible marketplace of 
wide-ranging opportunities, all 


concentrated under our new, blue 
banner. You'll find it toward the 
back of this issue. 


For details on advertising call: 
National: 800-237-9851 © Florida: 800-553-8288 





Dilantin“ KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 
Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology in the full prescribing information). 
“GONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 

o phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawai of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this shouldbe done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg. 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 

every effort should be made to achieve seizure contro! using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronicalcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth detects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
Ħriajority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma. in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
aide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). ifthe rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rashis 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
ohenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
satients. 

gaya anes resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
dhenytoin’s interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mai) seizures are present, combined drug therapy is needed. 

Serumevels of phenytoin sustained above the optimal range may produce confusional states 








Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 





referred to as “delirium” “psychosis” or “encephalopathy” or rarely irreversible cerebellar. 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive: if symptoms persist. 
termination is recommended. (See Warnings.) 

information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of intorming the physician of any clinical: 
Condition in which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected, The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcoho! 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, Hz-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes, A morbilliform rash (meastes-like) is the most 
common, other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus. on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 
megimL, dysarthria and lethargy appear when the plasma concentration is over 40 meg/mL, but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
meg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be 
borne in mind. 

Caution — Federal law prohibits dispensing without prescription. 
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S rare aS a Seizure on 
Dilantin wien: phenytoin sodium capsules, USP) 100 mg 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way: 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 pg/mL),? often with 
once-daily therapy (Dilantin® Kapseals*), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


, 


That’s why Dilantin remains a drug 
of choice. l 


And that’s why most- patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 


References 
1, Ramsay RE, Wilder Bi, Berger iR, et al: A double-blind 
study comparing carbamazepine with phenytoin as initial 
seizure therapy in adults. Neurology 1983,33:904-910. 
2. Porter RI, Theodore WH: Nonsedative regimens in the 
; treatment of epilepsy. Arch Intern Med 1983,143:945-947 
“Once in a blue moon” describes the phenomenon in which 3. Shute CCD: The ‘blue moor’ phenomenon. Weather 1976; 
the moon appears as a brilliant blue. Seen worldwide following alien 220 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs f i 
only when atmospheric cloud droplets, each less than 5 m in Please see adjacent page for brief summary 


diameter, form in abundance-—an exceedingly rare event? of prescribing information. 
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Sinemet'’...for many patients with P rkinson s disease, 


Sinemet’ 
(Carbidopa-Levodopa) 


Power and Precision 


Only Sinemet’ provides the power to re-establish dopamine 
levels in the brain and the precision to adjust dosage 
to meet the individual needs of the patient. 












































Maintaining Dopamine Levels Within the 
. Therapeutic WindowThe aim of clinical intervention 
< ittBaghinson’s disease is to maintain dopamine levels within 
a therapeutic window. The three dosage strengths of 
Singmet® help meet this challenge by providing both the 
«i power to replenish dopamine levels in the brain and the 
~ + precision to adiust to individual patient needs. 

















Managing Parkinson's disease therapy canbe — 
complex. The critical need is to maintain dopamine levels i 
the brain within an ever-narrowing therapeutic window. A- 
window that is different in every patient and one that chaną 
over time because of the progressive nature of the diseas 

Dopamine replacement is the mainstay of therapy in 
Parkinson's disease. And, only Sinemet” has the power 
re-establish dopamine levels in the brain. : 















































But, power alone is not enough. Sinemet® also pro- 
_ vides you the flexibility to meet the individual needs of the 
__ patient...by changing dosage strength or frequency...or by 
changing the ratio of carbidopa and levodopa. 
ee Nothing else gives you this power and precision to 

_ manage the signs and symptoms of Parkinson's disease like 


Sinemet’. 


pa; SINEMET*may cause involuntary movements and mental dis- 
hese reactions are thought to be due to increased brain dopamine 
ing administration of levodopa. 

brief summary of prescribing information on the adjoining page. 
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Parkinson’ s disease 


‘Dosage Guidelines 


“© Begin idea symptoms first interfere 
; h normal function 
poe G ust as necessary to help maintain 
relief of symptoms 


For initial therapy ...Start with: 


SINEMET 25-100 


containing 25 mg carbidopa 
{anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 
If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 
tablets of Sinemet 25-100 a day is reached. 


When it is evident that patients need more 
levodopa... Transfer to: 
SINEMET 25-250 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 
if still more levodopa is necessary, dosage 
with Sinemet 25-250 may be increased by 
one-half to one tablet every day or every 
sa day to a maximum of eight tablets 
a day. 


When individualizing dosage... Titrate with: 
SINEMET 10-100 
containing 10 mg carbidopa 
(anhydrous equivalent) and 

100 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of Sinemet 
must be determined by careful titration in 
each patient. Tablets of the three strengths 
may be given separately or combined as 
needed to provide the optimum daily 
dosage. 


For patients transferred 
from levodopa 


DISCONTINUE LEVODOPA AT LEAST 
8 HOURS BEFORE STARTING SINEMET. 
The starting dose for Sinemet should 
provide about 25 percent of previous 
levodopa requirements. (Patients receiv- 
ing less than 1500 mg of levodopa a day 
should be started on one tablet of 
Sinemet 25-100 tid. or qid.) 





or many patients wih | 


therapy. 
DOSAGE AND ADMINISTRATION sections in the 
information 


before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET should 
not be given concomitantly. MAO inhibitors must be discon- 
tinued at least 2 weeks prior to initiating therapy with 
SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma. 

it should not be used in patients with suspicious undiagnosed 
skin lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours 
before SINEMET is started. SINEMET should be substituted 
at adosage that will provide approximately 25 percentof the 
previous levodopa dosage. (See DOSAGE AND AD- 
MINISTRATION section of Prescribing Information.) Patients 
taking SINEMET should be instructed not to take additional 
levodopa unless prescribed. 

As with levodopa. SINEMET may cause involuntary 
movements and mental disturbances. These reactions may 
be due to increased brain dopamine following administration 
of levodopa. All patients should be observed carefully for 
development of depression with concomitant suicidal 
tendencies. Treat with caution patients with past or current 
psychoses. Because carbidopa permits more levodopa to reach the brain 
and, thus, more dopamine to be formed. dyskinesias may occur at lower 
dosages and sooner with SINEMET than with levodopa. Occurrence 
of dyskinesias may require dosage reduction. 

SINEMET should be administered cautiously to patients 
with severe cardiovascular or pulmonary disease. bronchial 
asthma, renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with 
levodopa. to patients with history of myocardial infarction 
who have residual atrial, nodal, or ventricular arrhythmias. 
Insuch patients, cardiac function should be monitored with 
particular care during period of initial dosage adjustment, in 
a facility with provisions for intensive cardiac care. 

As with levodopa. there is possibility of upper GI hemor- 
rhage in patients with history of peptic ulcer. 

Asymptom complex resembling the neuroleptic malig- 
nant syndrome including muscular rigidity. elevated body 
temperature. mental changes, and increased serum creatine 
phosphokinase has been reported when antiparkinsonian 
agents were withdrawn abruptly. Therefore, patients should 
be observed carefully when the dosage of SINEMET is reduc: 
ed abruptly or discontinued. especially if the patient is receiv- 
ing neuroleptics. 

Usage in Pregnancy and Lactation: Although effects of 
SINEMET on human pregnancy and lactation are unknown. 
both levodopa and combinations of carbidopa and levodopa 
have caused visceral and skeletal malformations in rabbits. 
Use of SINEMET in women of childbearing potential requires 
that anticipated benefits of the drug be weighed against 
possibie hazards to mother and child. SINEMET should not 
be given to nursing mothers. 

Usage in Children: Safety of SINEMET in patients under 18 
has not been established. 

Precautions: As with levodopa, periodic evaluations of 
hepatic, hematopoietic, cardiovascular, and renal function are 
recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored careful- 
ly for changes in intraocular pressure during therapy. 

Laboratory Tests. Abnormalities in laboratory tests may in- 
clude elevations of liver function tests such as alkaline 
phosphatase, SGOT (AST). SGPT (ALT), lactic dehydrogenase, 
and bilirubin. Abnormalities in protein-bound iodine. blood 
urea nitrogen, and positive Coombs test have also been 
reported. Commonly. levels of blood urea nitrogen. 
creatinine, and uric acid are lower during administration of 
SINEMET than with levodopa. 

SINEMET may cause a false-positive reaction for urinary 
ketone bodies when a test tape is used for determination of 
ketonuria. This reaction will not be altered by boiling the 


Sinemet’ 
(Carbidopa-Levodopa) 
ONE OF A KIND 








Bo “Unnespecimen Baa 
Of glucose-oxidase 





are administered. seni with SINEMET 


Symptomatic postural: yee C can occur ue, 
SINEMET isaddedio the treatment of apatientreceivingan- 
SINEMET =: 


tihypertensive drugs Therefore when therapy with 
is started. dosage aches of the antihypertensive drug 
may be required. For patient 
inhibitors, see CONTRAINDICATIONS fabove). 

There have been rare reports of adverse reactions, in: 
cluding hypertension and dyskinesia, resulting from the con- 
comitant use of tricyclic antidepressants and SINEMET. 

Phenothiazines and butyrophenones may reduce the 
therapeutic effects of levodopa. In addition, the beneficial ef- 
fects of levodopa in Parkinson's disease have been reported 
to be reversed by phenytoin and papaverine. Patients taking 
these drugs with SINEMET should be carefully observed for 
loss of therapeutic response. 

Adverse Reactions: Most common serious adverse reac- 
tions occurring with SINEMET are choreiform, dystonic, and 
other involuntary movements. Other serious adverse reac- 
tions are mental changes including paranoid ideation and 

ic episodes, depression with or without development 
of suicidal tendencies anddementia. Convulsions also have 


occurred; however, a causal relationship with SINEMET has -~ 


not been established. 

Acommon but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities 
and/or palpitation, orthostatic hypotensive episodes, 
bradykinetic episodes (the “on-off” phenomenon), anorex- 
ja, vomiting, and dizziness. 

Rarely. Gi bleeding, development of duodenal ulcer, 
hypertension, phlebitis, hemolytic and non-hemolytic 
anemia, thrombocytopenia, leukopenia, and agranulocytosis 
have occurred. 


monoamine oxidase. -- 


w 


Laboratory tests which have been reported to be abnor- ? 


mal are alkaline phosphatase, SGOT (AST), SGPT (ALT), lac- 
tic dehydrogenase, bilirubin, blood urea nitrogen, protein 
bound iodine, and Coombs test. 


Other adverse reactions that have been reported with 


levodopa are: Nervous System: ataxia, numbness, increased 
hand tremor, muscle twitching, muscle cramps, 
blepharospasm (which may be taken as an early sign of ex- 
cess dosage. consideration of dosage reduction may be 
made at thistime). trismus, activation of latent Horner's syr- 


drome. Psychiatric: confusion. sleepiness, insomnia, 


nightmares, hallucinations, delusions, agitation, anxiety. 
euphoria. Gastrointestinal: dry mouth, bitter taste, sialorrhea, 
dysphagia, bruxism, hiccups. abdominal pain and distress, 
constipation, diarrhea, flatulence, burning sensation of 
tongue. Metabolic: weight gain or loss, edema. Integumentary: 
malignant melanoma (see also CONTRAINDICATIONS), 
flushing, increased sweating, dark sweat, skin rash, loss of hair. 
Genitourinary: urinary retention, urinary incontinence, dark 


urine, priapism. Special Senses: diplopia, blurred vision, dilated. `: 


pupils, oculogyric crises. Miscellaneous: weakness, faintness, 
fatigue, headache, hoarseness, malaise, hot flashes. sense of 
stimulation, bizarre breathing patterns, neuroleptic malignant 
syndrome. 
: Management of acute overdosage with 

SINEMET is basically the same as management of acute over- 
dosage with levodopa: however, pyridoxine is not effective 
in reversing the actions of SINEMET. 
How Supplied: Tablets SINEMET 10-100, SINEMET 25-100, 
and SINEMET 25-250 are supplied in bottles of 100 and unit 
dose packages of 100. 

Storage: Tablets SINEMET 10-100 and Tablets SINEMET 
25-250 must be protected from light. 


Manufactured by: 


MERCK SHARP & DOHME 
DIV OF MERCK & CO. INC, 
WEST POINT, PA 19486, USA 


FOR: 


[DU PONT] pupon 


t Pharmaceuticals 
PHARMA Wilmington, DE 19880-0026 
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lergofamine farrare 


a i 
A Fy ON) coffe ne} Tablets/Suooositories 


e @ Highly Effective: 
Aborts migraines before they start 
Stops migraines in progress 
> 


@ Reliable and Predictable 


The choice from the start 


*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 
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_ (ergotamine tartrate and catteine) tablets, USP 
 (ergotamine tartrate and caffeine) suppositories, USP 
: Catergot® (ergotamine tartrate and caffeine) Tablet 

rgotamine tartrate USP 
Meine USP ooo eso. Sis SE OANE ees 


Inactive Ingredients: acacia, carnauba wax, lactose, methylparaben, povidone, propylparaben, sodium 
_ benzoate: sorbitol, starch, stearic acid, sucrose, synthetic black. ferric oxide, synthetic red ferric oxide, 
<- Synthetic, yellow ferric oxide, talc, tartaric acid, and titanium dioxide, 


Catergot® (ergotamine tartrate and caffeine) Suppository 


ergotamine tartrate USP 
caffeine USP lorrean 100 mg 


= Inactive Ingredients: cocoa butter NF and tartaric acid NF. 


© Cafergot® (evgotamine tartrate and caffeine) suppositories are sealed in foil to atford protection trom cocoa 
butler leakage. If an unavoidable period of exposure to heat softens the suppository, it should be chilled 
In. ice-cold water to solidity it before removing the foil. 


“ACTIONS: Ergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the smooth 
“muscle of peripheral and cranial blood vessels and produces depression of central vasomotor centers, The 
“compound also has the properties of serotonin antagonism. In comparison to hydrogenated ergotamine, 
“the adrenergic blocking actions are less pronounced and vasoconstrictive actions are greater 

>. Caffeine, also a cranial vasoconstrictor, is added to further enhance the vasoconstrictive effect without 
the necessity of increasing ergotamine dosage. 

<i Many migraine patients experience excessive nausea and vomiting during attacks, making it impossible 
for them to retain any oral medication. In such cases, therefore, the only practical means of medication 

38 through the rectal route where medication may reach the cranial vessels directly, evading the splanchnic 
‘vasculature and the liver. 


Cafergot® (ergotamine tartrate and caffeine) 

- Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants or so-called 
“histaminic cephalaigia’, 
CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
pr renal function, sepsis and pregnancy. 

“> Hypersensitivity to any of the components. 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after ong term intermittent 
use of the orally or rectally administered drugs, care should be exercised to remain within the fimits of 
recommended dosage, 

Ergotism is manifested by intense. arterial vasoconstriction, producing signs and symptoms of peripheral 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smooth muscle. In 
chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
ees and pallor of the digits may occur. ff the condition is allowed to progress untreated, gangrene 
can result, 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent hypersensitivity There. are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. in rare instances, patients, particularly 
‘those who have used the medication indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

«. There have been reports of drug abuse and psychological dependence in patients on Cafergot® (ergotamine 
tartrate and caffeine} therapy. Due to the chronicity of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur. These include 
:pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
pan Although these effects occur most commonly with long-term therapy at relatively high doses, they 
‘have also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 

»or bradycardia, nausea, vomiting, localized edema and itching. 


DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack. 
PRODROMAL PHASE] PAIN PHASE 


2 tablets at stant of attack, | additional tablet 
fevery ‘A hour. if needed for full reket 
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} suppository at start of attack, second sup- 
tory after | hour, if needed for full relief. 
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Early Adminstration Gives Maximum EHectveness 
MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets. 
Rectally: Two suppositories is the maximum dose for an individual attack. 


Total weekly dosage should not exceed 10 tablets or 5 suppositories. 
in carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of Cafergot® (ergotamine tartrate and caffeine} 
ate due primarily to the ergotamine component. The amount of caffeine is such that its toxic effects will 
be overshadowed by those of ergotamine. Symptoms include saat numbness, tingling, pain and cyanosis 
of the extremities associated with diminished or absent peripheral pulses, hypertension or hypotension; 
drowsiness, stupor, coma, convulsions and shock. A case has been reported of reversible bilateral papillitis 
with ring scotomata in a patient who received five times the recommended daily adult dose aver a period 
ot 14 days. 

Tenten consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. 
Maintenance of adequate Ered ventilation, correction of hypotension, and contro! of convulsions are 
important considerations. Treatment of peripheral vasospasm should consist of warmth, but not heat, and 
protection of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised to 
avoid aggravating an already existent hypotension. 


HOW SUPPLIED 


tē (ergotamine tartrate and caffeine) Tablets 
=. Shell pink colored, sugar coated, imprinted “CAFERGOT™ on one side, ” & on other side. Bottles of 
250, NDC .0078-0034-28, and cartons of three SigPak® (dispensing unit} packages, each containing 30 
tablets in individual blisters, NDC 0078-0034-42. 


Catergot® (ergotamine tartrate and caffeine) Suppositories 
Sealed in fuchsia-colored aluminum foil, imprinted "Ss CAFERGOT® SUPPOSITORY 78-33 SANDOZ”. 
Boxes of 12, NDC 0078-0033-02. 
{DECEMBER 1.1990 CAF-ZZ6} 
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. THE DECISION 
IS YOURS. 





THE CASE: A 40-year-old man presented with a 2-month 
history of involuntary muscle contractions of the right arm 
and mild weakness of the left leg. 


Firstthere was CT. Then MRI. l 





Contrast CT scan shows an area of T1-weighted (TR 800/TE 20) unenhanced A 
low attenuation in the left parietal lobe. MR image, obtained with a 1.5-T imager, 
A questionable focus of contrast is seen, shows subcortical hypointensity in the left 
but this may represent cerebral cortex. posterior parietal lobe, The surrounding 


iis ease EE E He sulci appear to be compressed, 
Seca en een raea renee but a mass is not clearly appreciated. 
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ANDCONTRAST. 


Now, Magnevist- 
enhanced MRI lets 
you see even more. 





TH-weighted (TR 800/TE 20) image enhanced with 
MAGNEVIST® injection reveals two discrete nodules 
(arrows). This nodular enhancement is highly 
suggestive of a primary brain tumor, which was 
confirmed upon biopsy to be an astrocytoma. 


Magnevist 


(gaaopentetate 
i dimegiumine 46201 mg/mL) | 


INJECTION | 
NOTHING LOCATES LESIONS BETTER | 


Please see brief summary of prescribing information for 
MAGNEVIST® injection on last page of this advertisement. 











a 
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Well tolerated! in clinical trials, the most common adverse reactions reported were headache (8.7%) 
and injection-site coldness/iocalized coldness (4.8%). The majority of headaches were transient and of mild 
to moderate severity. In clinical trials, 15% to 30% of patients experienced an asymptomatic transient rise in 
serum iron; hypotension and anaphylactoid reactions have occurred in less than 1% of the patients. The 
safety of MAGNEVIST' injection in patients with hemolytic disorders has not been studied. 


REFERENCE: 1. Doto on file, Berlex Laboratories, inc. 





BRIEF SUMMARY 


INDICATIONS AND USAGE 

MAGNEVIST® injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormai vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST@ injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the. spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 

The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® injection is used for contrast 
enhancement. in addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by gadapentelata dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment GNEVIST® Injection in 
patients with sickle cell anemio and other hemoglobinopathies has not been studied 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 


PREGNANCY CATEGORY C. 


Gadopentetate dimegiumine has been shown to retard development slightly in rats when 
given in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
12.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital cnomalies were noted in either species, 


There are no adequate and well-controlled studies in pregnant women. MAGNEVIST® 
injection should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 

C4 fabelied eagle tei dimegiumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. Its not known to what extent MAGNEVIST® 
injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE f 
Safety ond efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 
The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
Majority of headaches are transient and of mild to moderate severity. In 42.3% of the cases 
it was felt thot the headaches were not related to MAGNEVIST® Injection, Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 
localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 


a The following additional adverse events occur in less than 1% 
of the patients: 
Body as o Whole: Injection site symptoms, namely, pain, warmth, 


burning; localized burning sensation, substernal chest pain, fever, 


reaction nien was described as mild by the patient ond occured (gadopentetate weakness, generalized coldness, localized edema, tiredness, 
after 6- ours. In a study in normal volunteers one subjec H h chest tightness, regional lymphangitis, anaphylactoid reactions 
experienced syncope after arising from a sitting position two hours dimegiumine 469.01 mgs ml) (characterized by cardiovascular, respiratory and cutaneous 
after administration of the drug. Although the relationship of INECHON — symptoms) 


gadopentetate dimegiumine to these events is uncertain, patients 
should be observed for several hours after drug administration 


PRECAUTIONS - General 


Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed 

In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 


Since fodopentotoie dimegumine is cleared from the body by pomora filtration, caution 
should be exercised in patients with severely impaired renal function 


The possibility of a reaction, including serious, life-threatening, fatal, anaphytactoid or car- 
diovascular reactions or other idiosyncratic reactions should always be considered (see 
ADVERSE REACTIONS) especially in those patients with a known clinical hypersensitivity. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic tronsient rise in serum iron, 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations ore required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to: 

1. Inform your physician if you are pregnant or brecst feeding. 

2.Inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin ieveis have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimegiumine. 


Godopentetate dimegiumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimegiumine did not induce 
a positive response in the (C3H 107/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mi. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pregnancy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in mate rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora luteo at the 0) blvd | dose and the suppression of body weight gain ond 
food consumption at the 2.5 mmol/kg dose were observed. 


in a separate experiment. 16 daily intravenous injections were administered to mate rats. 
At a dose of 5 mmol/kg of gadopentetafe dimegiumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 


Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 
Digestive; Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation 
Nervous System: Agitation, thirst, convulsions (including grand mal). 
Respiratory System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 
Skir Rash, sweating, pruritus, urticaria (hives). 
Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
facrimation disorder (tearing), eye irritation 
Laboratory: Transient elevation of serum transaminases. 
The following other adverse events were reported. A causal relationship has neither been 
established nor refuted 
Body as a Whole: Back pain, pain, generalized warmth. 
Cardiovascular: Hypertension, tachycardia, migraine, syncope, death related to myocardial 
infarction or other undetermined causes. 
Digestive: Constipation, diarrhea. 
Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 
Skin: Facial edema, erythema multiforme, epidermal necrolysis. 
Special Senses: Eye pain, ear pain. 
Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 

The LDso of intravenously administered gadopentetate dimegiumine injection in mice is 
§-12.5 mmol/kg and in rats it is 1015 mmol ti The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® injection have not been reported. 


DOSAGE AND ADMINISTRATION 


The recommended dosage of MAGNEVIST™ injection is 0.2 mL/kg (01 mmol/kg), 
administered intravenously, at a rate not fo exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 








DOSAGE CHART 

Body Weight Dose in Approx Duration of 

(kg) mt injection in Seconds 
10 2.0 20 
20 4.0 30 
30 6.0 40 
40 8.0 50 
50 10.0 60 
60 12.0 70 
70 14.0 80 
80 16.0 95 
90 18.0 no 
100 20.0 120 

















To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within } hour of 
injection of MAGNEVIST® Injection. 


Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 


For full prescribing information, see package insert. 
Caution: Federal Law Prohibits Dispensing Without Prescription. 
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CALENDAR OF MEETINGS 


“Neurotoxins and Their Potential Role in Neurodegeneration,”” Adams Mark Hotel, Philadelphia, Pa. 
Contact Marketing Department, The New York Academy of Sciences, 2 E 63rd St, New York, NY 
10021; (212) 838-0230. 

Ecuadoran Society of Neurology, Quito, Ecuador. Contact Ecuadoran Society of Neurology, PO Box 
2821, Quito, Ecuador. 

Meeting of the Neurosurgical Society of America, San Destin Beach Hotel, San Destin, Fla. Con- 
tact Russell W. Hardy, MD, Secretary, Neurosurgical Society of America, 2074 Abington Rd, 
Cleveland, OH 44106; (216) 844-3004. 

“Neurosurgical /Neurological Intensive Care: Update and Review," The. Cleveland (Ohio) Clinic 
Foundation. Contact The Cleveland Clinic Foundation, Department of Continuing Education, 9500 
Euclid Ave, Room TT-31, Cleveland, OH 44195-5241; 1-800-762-8173. 

“Pediatric Neurology for the '90’s,”” Wilmington, Del. Contact Jeanne Cole, Continuing Medica! Ed- 
ucation Office, Alfred |. duPont Institute, 1600 Rockland Rd, Wilmington, DE 19899; (302) 
651-6753. 

New Frontiers on Acute Ischemic Stroke—An Update, Rome, Italy. Contact Stroke Secretariat, Via 
Bertolini, 26/B, 00197 Rome, Italy. 

International Conference on Stroke, Geneva, Switzerland. Contact N. M. Bornstein, MD, Interna- 
ticnal Conference on Stroke, c/o Kuoni Travel Ltd, 7 Rue de Berne, CH- 1211 Geneva, Switzerland. 
The 15th international Symposium on Cerebra! Blood Flow and Metabolism, James L. Knight Inter- 
national Center, Miami, Fla. Contact Ms Jenny Bernal, Conference Coordinator, Brain ‘91, Univer- 
sity of Miami Conference Center, 400 SE Second Ave, Fourth Floor, Miami, FL 33131. 

Ninth international Congress of Electromyography, Jerusalem, israel. Contact Dr Arieh N. Gilai, 
Convener, EMG-CN-IX Congress, PO Box 29334, Tel Aviv 61292, Israel. 

“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics,” Schuss 
Mountain Resort, Mancelona, Mich. Contact Susan Mitchell, EdD, 2929 Race St, Fort Worth, TX 
76111; (817) 831-2604. 

“Neuro-Ophthalmology 1991,” Cleveland, Ohio. Contact John Rus, Office of Continuing Medical 
Education, 2109 Adelbert Rd, W-175, Cleveland, OH 44106; (216) 368-2409. 

Twelfth Annual Child Neurology Postgraduate Course, Sonesta Beach Hotel, Key Biscayne, Fla. 
Contact Oscar Papazian, MD, Department of Neurology, Miami Children's Hospital, 3200 SW 60th 
Ci, Miami, FL 33155; (305) 662-8330. 

Seventh International Conference on the Acquired Immunodeficiency Syndrome, Florence, Italy. 
Contact Christina D'Addazio, Laboratory of Virology, Istituto Superiore di Sanita, Viale Regina Elena 
299, 00161 Rome, Italy. 

The 26th Annual Meeting of the Canadian Congress of Neurological Sciences, Halifax (Nova Scotia) 
Sheraton. Contact Permanent Secretariat, Canadian Congress of Neurological Sciences, 8 10-906 
12th Ave SW, Calgary, Alberta, Canada T2R 1K7; (403) 229-9544. 

The 66th Annual Meeting of the American Association of Neuropathologists, Omni Innerharbor Ho- 
tel, Baltimore, Md. Contact Reid R. Heffner, Jr, MD, Department of Pathology, 204 Farber Hall, State 
University of New York at Buffalo School of Medicine, Buffalo, NY 14214; (716) 898-3114. 
“Current Concepts in Child Neurology,” Hyatt Islandia Hotel, San Diego, Calif. Contact Continuing 
Medical Education, Children's Hospital and Health Center, 8001 Frost St, San Diego, CA 92123; 
(619) 576-1700. 

Ninth European Congress of Neurosurgery, Moscow, Union of Soviet Socialist Republics. Contact 
Organizing Committee, Ninth European Congress of Neurosurgery, 5 Fadeev St, Moscow 125047, 
Union of Soviet Socialist Republics. 

“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics,” The Snow- 
mass Conference Center, Snowmass Village, Colo. Contact Susan Mitchell, EdD, 2929 Race St, 
Fort Worth TX 76111; (817) 831-2604. 

“Clinical Neuro-Oncology Update,” Towsley Center, Ann Arbor, Mich. Contact Julie Jacobs, Tow- 
sley Center for Continuing Medical Education, Department of Postgraduate Medicine, The Univer- 
sity of Michigan Medical School, PC Box 1157, Ann Arbor, Mi 48106-9869; (313) 763-1400. 
Fifth International Headache Congress, Washington, DC. Contact the Fifth International Headache 
Congress, 22 Euclid St, Woodbury, NJ 08096; (609) 845-7220. 

Third Meeting of the International Neurotoxicology Association, Parma, Italy. Contact Dr A. Mutti, 
Organizing Secretary, Laboratory of industrial Toxicology, University of Parma, Via Gramsci 14, 
1-43100, Parma, Italy. 

23rd Annual March of Dimes Clinicai Genetics Conference, Vancouver, British Columbia. Contact 
March of Dimes, 1275 Mamaroneck Ave, White Plains, NY 10605; (914) 428-7100. 
International Workshop on Huntington’s Disease, Cardiff, Wales. Contact Professor P. S. Harper, 
Institute of Medical Genetics, University of Wales College of Medicine, Heath Park, Cardiff, CF4 4XN, 
Wales. 

14th Annual Contemporary Clinical Neurology Symposium, The Conference Center at Palmetto 
Dunes Resort, Hilton Head Island, SC. Contact Marsha Bain, Vanderbilt Division of Continuing 
Medical Education, D-8211 Medical Center North, Nashville, TN 37232-2337; (615) 322-4030. 
“Modern Dissection Techniques of Bone, Biometais, Bioceramics, and Bioplastics,” Sheraton Inn 
and Conference Center, Worcester, Mass. Contact Susan Mitchell, EdD, 2929 Race St, Forth 
Worth, TX 76111; (817) 831-2604. 

The Second Dartmouth International Conference on the Corpus Callosum and Epilepsy, Dartmouth- 
Hitchcock Medical Center, Hanover, NH. Contact Alexander G. Reeves, MD, Section of Neurology, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 03756. 
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News 





Damasio Selected to Receive American 
Medical Association Award. An inter- 
national leader in the field of cognitive 
neuroscience at the University of Ilowa 
College of Medicine, Iowa City, was se- 
lected to receive the American Medical 
Association’s Dr William Beaumont 
Award for 1990. 

Dr Antonio R. Damasio, Maurice 
Van Allen professor and head of the 
neurology department, was chosen to 
receive the award presented annually 
to a physician, under age 50 years, who 
has made an outstanding contribution 
to medical research. This is one of five 
major honors awarded by the associa- 
tion at its annual convention, June 24 


through 28, in Chicago. 

For the past 15 years, “Dr Damasio 
has made landmark contributions to 
the understanding of the areas of the 
brain responsible for mental activities; 
this award recognizes him as a leader 
in the field of cognitive neuroscience,” 
says Dr John W. Eckstein, dean of the 
University of Iowa College of Medi- 
cine. 

Damasio and his colleagues have 
identified areas of the human brain 
that are critical for color perception, 
reading, and face recognition; shown 
that the brain assigns different types 
of knowledge, such as man-made ob- 
jects, natural kinds, language codes, 


and social conduct, to entirely differ--% 


ent neural systems; and discovered 
that Alzheimer’s disease destroys spe- 
cific nerve cells in a particular area of 
the brain, and that the cell loss is ac- 
companied by degeneration of a brain 
neurotransmitter pathway. These spe- 
cific changes are a key mechanism be- 
hind the memory loss, the hallmark of 
Alzheimer’s disease. 

The Dr William Beaumont Award 
consists of a cash stipend and a plaque 
that was presented to Dr Damasio 4 
during an award ceremony at the as- 
sociation’s annual convention. 





American Board of Psychiatry and Neurology Inc.—The fol- 
lowing individuals were certified in neurology at the exam- 


ination held in October 1990: 


Leifer, Dana 
Levey, Allan Ira 
Lim, Adoracion Co 


Reincke, Martha Hanna Elisabeth 
Rezak, Michael 
Rich, Jaime Marie 


Achenbach-Ng, Jane Marie 
Allis, Barbara Ann 

Apfel, Stuart Charles 
Argoff, Charles Evan 
Astrue, Juan 

Balish, Marshall Samuel 
Bambakidis, Peter 

Bazan, Julius Alexander 
Beer, Ernesto Fernandez 
Benardo, Larry 8. 
Benjamin, Jeffrey Lewis 
Bertram, Edward Hiltner HI 
Besser, David Lee 

Bird, Shawn Joseph 
Blady, David 

Boltz, Frederick Joseph 
Boor, Darwin Russell 
Bradshaw, Deborah Young 
Brazin, Myron Errol 
Burdick, Jeffrey J. 
Cantor, Gordon Michael 
Chehebar, Victor 
Choy-Kwong, Maria 
Coats, Michael Edwin 
Coin, J. Thaddeus 
Colicchio, Alan Robert 
Coll, John Bernard 
Conwit, Robin Andrea 
Corboy, John Richard 
D'Angelo, Marc Scott 
David, William Samuel 
Davis, Thomas Lee 
DeCarli, Charies Steven 
DeSousa, Garcia Jose 
Deputy, Glenn Edward 
Dietz, Mark Alan 
Doherty, Elizabeth Anne 
Dooneief, George Harman 
Drubach, Daniel Alejandro 
Echiverri, Henry Caoili 
Estol, Conrado Jose 
Finkelman, Richard Scott 
Floeter, Mary Kay 
Gelblum, Jeffrey Barton 
Gilbert, Mark Richard 


Gizzi, Martin S. 

Glass, Jonathan David 
Goldstein, Steven 
Goodsett, Mary Louise 
Gordon, Mare Lawrence 
Graham, Glenn David 
Gray, James Thomas, Jr 
Greene, Paul Edward 
Greenspan, Beverly Naomi 
Grewal, Raji Paul 
Grossman, Murray 
Grosz, Raul 

Grundman, Michael 
Guarino, Rosario 

Gzesh, Dan Jonathan 
Haber, Laurence David 
Hammack, Julie Elaine 
Harris, Mark I. 
Helmers, Sandra L. 
Hess, David Charles 
Heyman, Rock Alan 
Hoffman, Donald Lawrence 
Hughes, Donna Rae 
Hurtt, Mark Richard 
Hyde, Thomas Michael 
Hyder, Syed Shiraz 
Jaitly, Rakesh 

Jindal, Surinder Paul 
Johnson, Gary Darrell 
Khella, Sami Lewis 
Kieburtz, Karl David 
Klein, Pavel 

Knepper, Laurie Elizabeth 
Kolkin, Seth 

Kolson, Dennis Larry 
Kostyk, Sandra Ksenia 
Kramer, Eric Dale 
Kranzler, Leon Stephen 
Krauss, Gregory Lewis 
Kurtzke, Robert Nevin 
L’Europa, Gary Anthony 
Labutta, Robert Joseph 
Langer, Sara Lynn 
Laterra, John Joseph 
Lazarus, Kenneth Jay 
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Lombardo, Mark Anthony 


Richards, Bruce Alfred 
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Transderm Scop* 
scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
“INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scop is indicated for prevention of nausea and 
vorniting associated with motion sickness in adults. The disc 
‘should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scép provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scop provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scép should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
‘Transderm Scép shouid not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine, 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scép should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients shouid be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence. symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g.. belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group {plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection, No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scdp should be used during 
pregnancy only if the anticipated benefit justifies the potential 
fsk to the fetus. 

Nursing Mothers 

itis not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Sedo is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scdp should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scdp is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scép: 
disorientation; memory disturbances; dizziness; restlessness, 
hallucinations; confusion; difficulty urinating; rashes and 
erythema: acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scop system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or contusion. Should these symptoms occur, the Transderm 
Sc6p disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

initiation of Therapy: One Transderm Scop dise (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine trom coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairiess 
area behind the other ear. if therapy is required for jonger than 
3 days, the first disc shouid be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C) 


CAUTION 
Federal law prohibits dispensing without prescription. 


Dist. by: 

CIBA Consumer Pharmaceuticals 
Div. of CIBA-GEIGY Corp. 
Summit, NJ 07901 
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Reterences: 

1. Dahi E: Clin Pharmacol Ther 1984;36: 116-120. A study 
of miid motion sickness in a laboratory setting in which 
Transderm Scdp* demonstrated a significantly greater 
reduction in the incidence of nausea and vomiting than 25 
mg meclizine (P = 0.01) and placebo {P = 0.003). 

2. Price N et ai: Clin Ther 1979;2:258-262. Studies at sea 
that demonstrated a 75% mean reduction in the incidence 
of nausea and vomiting associated with motion sickness 
with Transderm Scép, compared to 50% with Dramamine® 
{P>0.05). 
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1991 

international Conference 
on Physician Health 


June 6-8, 1991 
Toronto, Ontario, Canada 


Sponsored by 

American Medical Association 

Canadian Medical Association 

Federation of Medical Licensing 
Authorities of Canada 


This year’s conference, Caring for the 
Caregiver, will address a range of issues 
relative to physician health, including aging, 
physical disabilities, psychiatric disorders, 
and substance abuse. Through the 
presentation of scientific data and the 
provision of training workshops, this 
conference will offer an overview of the 
current status of the field as well as 
educational opportunities for the conference 


participants. 


Please join the AMA, CMA, and 
Federation for this exciting and 
innovative conference, which: 


© Gives participants an opportunity to hear 
of the latest developments in this 
important field 
* Provides opportunity to learn skills 
necessary for conducting research in 
various areas of physician health 
* Examines the differing treatment 
programs and their relative values 
* Offers these important features- 
- State-of-the-art research 
presentations 
- Invited speakers 
- Selected workshops 
- Pre-conference institutes 
- Extensive networking 
opportunities 
- Exhibits 


For more information regarding registration 
call toll-free 1-800-621-8335. For 
event sponsorship, or invitation to exhibit call 
Patrick W. McGuffin, PhD, at 1-312-464- 
4064. 
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Instructions for Authors 


Send manuscripts by first-class mail to the Chief Editor, Robert 
J. Joynt, MD, PhD, University of Rochester School of Medicine and 
Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manuscripts 
are received with the understanding that they are not under 
simultaneous consideration by another publication. Accepted 
manuscripts become the permanent property of the ARCHIVES and 
may not be published elsewhere without permission from the 
publisher (AMA). 

Cover Letter.— Designate one author as correspondent and provide 
a complete address and telephone number. 

In the cover letter include (1) statement on authorship respon- 
sibility, (2) statement on financial disclosure, and (3) one of the two 
following statements on copyright or federal employment. Each of 
these three statements must be signed by all authors. 

1. Authorship Responsibility.—“I certify that I have participated 
sufficiently in the conception and design of this work and the anal- 
ysis of the data (when applicable), as well as the writing of this 
manuscript, to take public responsibility for it. I believe the manu- 
script represents valid work. I have reviewed the final version of the 
manuscript and approve it for publication. Neither this manuscript 
nor one with substantially similar content under my authorship 
has been published or is being considered for publication elsewhere, 
except as described in an attachment. Furthermore, I attest that 
I shall produce the data upon which the manuscript is based for 
examination by the editors or their assignees if requested.” 

2. Financial Disclosure.—“T certify that affiliations (if any) with or 
involvement in any organization or entity with a direct financial 
interest in the subject matter or materials discussed in the manu- 
script (eg, employment, consultancies, stock ownership, honoraria, 
expert testimony) are disclosed below.” 

Research or project support should be listed in an acknowledge- 
ment. 
3a. Copyright Transfer.—‘In consideration of the action of the 
American Medical Association (AMA) in reviewing and editing this 
submission, the author(s) undersigned hereby transfer(s) as- 
sign(s), or otherwise convey(s) all copyright ownership to the AMA 
in the event that such work is published by the AMA.” 
3b. Federal Employment.—“I was an employee of the US federal 
government when this work was investigated and prepared for 
publication; therefore, it is not protected by the Copyright Act and 
there is no copyright of which the ownership can be transferred.” 

We regret that transmittal letters not containing the preceding 
language signed by all authors of the submission will necessitate 
delay in review of the manuscript. 


Editing.— All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript rather than galley 
proofs for approval. The author is responsible for all statements in 
his work, including changes made by the copy editor. 

Order reprints at the time the typescript is returned after ed- 


. itorial processing. Specify address to which requests for reprints 


¿ Should be sent. 


Manuscript Preparation.—Submit three high-quality copies of 
the entire manuscript. The copies will not be returned. The 
authors should keep the original manuscript for submission if 
accepted. The original manuscript (including references, legends, 
and tables) must be typed double-spaced on 21.6 x 27.9-em 
8% X 11-in), heavy-duty white bond paper. Ample margins of at 
least 2.5 cm (1 in) should be provided. If a word processor is used, do 
not justify right-hand margins. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, and the address to which requests for reprints should be 
sent. 

Style of Writing.—The style of writing should conform to ac- 
ceptable English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
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to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 


Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract replaces the summary. 


References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations | 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references. References to journal articles 
should include (1) author(s) (list all authors and/or editors up to 
six; if more than six, list the first three and “et al”), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) vol- 
ume number, and (6) inclusive page numbers, in that order. Refer- 
ences to books should include (1) author(s) (list all authors and/or 
editors up to six; if more than six, list the first three and “et al”), 
(2) chapter title (if any), (3) editor (if any), (4) title of book, (5) city 
of publication, (6) publisher, and (7) year. Volume and edition 
numbers, specific pages, and name of translator should be included 
when appropriate. The author is responsible for the accuracy and com- 
pleteness of the references and for their correct text citation. 


SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (See June 1986 issue of the 
ARCHIVES.) 


Ilustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 em (5 X 7 in). 

Template lettering or preset type is preferred to hand-lettered 
labels. If halftone artwork with labels is submitted, affix type and 
leaders to a clear acetate overlay registered to the base drawing. 
Labels and leaders should be applied directly to the drawing board 
surface if the artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 


Legends.— Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 


Photographic Consents.— A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 

Acknowledgments.— Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s), month, and year. The publisher’s permission to reprint 
should be submitted to the ARCHIVES after the manuscript has 
been formally accepted. 

Statistical Review.— Manuscripts containing statistical evalua- 
tions should include the name and affiliation of the statistical 
reviewer. 

Tables.—Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-em (8% X 11-in) 
paper. Do not use larger size paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each table must 
have a title. 
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N “Higher doses have not been shown to increase benefit and have increased the risk of side effects. 
Ss Please see Dosage and Administration section of prescribing information 
? Further reduction of levodopa/carbidopa may be possible during continued selegiline therapy. 


See next page for brief summary of prescribing information. 





SELEGILINE HYDROCHLORIDE, 


BRIEF SUMMARY 
CLINICAL PHARMACOLOGY: 
The mechanisms accounting for selegiline's beneficial adjunctive action in the veatment of Parkinson's disease are not fully understood. inhibition 
of monoamine oxidase, type B, activity i$ rally considered to be of primary importance; in addition, there is evidence that selegiine may 
act through other mechanisms to increase inerce activity 
INDICATIONS AND USAGE: 
ELDEPRYL# (SELEGILINE HYDROCHLORIDE) is indicated as an adjunct in the ment of Parkinsonian patients being treated with levodopa’ 
carbidopa who exhibit deterioration in the quaitty of their response to this therapy There is no evidence from controtied studies that i 
hag any beneficial effect in the absence of concurrent levodopa 

Evidence supporting this claim was obtained in randomized controled clinical investigations thal compared the effects of added selegitine 
of placebo in patients receiving levodopa/carbidopa. Selegiline was significantly supena! to placebo on all three principal outcome measures 
employed: change from baseline in daily tevodopa/carbidopa dose, the amount cf ‘off time, and patent self-rating of treatment success. Beneficial 
effects were also observed on other measures of treatment success (e.g, measures of reduced end of dose akinesia, 


; ji ja, decreased tremor and 
siälorrhiea, improved speech and dressing ability and improved overall ity as assessed by walking and comparison to previous state], 


CONTRAINDICATIONS: 
ELDEPRYL® [SELEGILINE HYDROCHLORIDE] is contraindicated in patients with a known hypersensitivay fo this drug 


WARNINGS: 
Selegiline should not be used af daily doses ing those recommended {10 mg/day} because of the risks associated with non- 
Selective inhibition of MAO, (See Ci PHARMACOLOGY.) 

_ The selectivity of selegitine for MAO B may not be absolute even at the recommenced daily dose of 10 mg a day and selecti 
diminished with increasing dally doses. The precise dose at which selegiine becomes a non-selective inhibitor of ali MAO is 
may be ne ange of So 40 ag a day 

af reports of fatal interactions, MAOIs are ordinarily contraindicated for use with meperidine (DEMEROL & other tradenames}. This 

warning is ofan extended to other opioids. Because the mechanism of interaction between MAOIS and meperidine is unknown, it seems prudent, 
in general, o avoid this combination 

infive clinical data on the concomitant use af ELOEPRYL® (SELEGILINE HYDROCHLORIDE} and fluoxetine hydrochlonde (PROZAC) is 
not available, Death has been reported to occur following the initiation of therapy with nonselective MAQI's (NARDIL, PARNATE) shortly aher 
discontinuation of fluoxetine. To date, this reaction has not been reported with ELOEPRYL® {SELEGILINE HYDROCHLORIDE), however, since 
the mechanism of this reaction is not fully understood it seems prudent, in general, to avoid this combination. Because of the long half-lives 
of fluoxetine and its active metabolite, at least five weeks {approximately 5 hall-ives} should elapse beweeen discontinuation of fluoxetine and 
initiation of MAOI therapy Based on e: e with the combined use of MAOIs and Bicyclic antidepressants, at least 14 days should elapse 
between discontinuation of an MAO! and initiation of treatment with fluoxetine, 
PRECAUTIONS: 
General: Some patients given selegiline may expenence an exacerbation of levodopa associated side effects, presumably due to the increased 
amounts of dopamine See paraa receptors. These eflacts may olten be mitigated by reducing the dose af levodopa’ 
si approxi o. 

The decision to prescribe selegiline should take into consideration that the MAO system of enzymes is complex and incompletely understood 
and there is only a limited amount of caretully documented clinical experience with selegiline. Consequently the full spectrum of possible responses 
pt aha ge gaa ec it is advisable, therefore, 10 observe patients closely for 

tesponses. 


information for Patients: Patients should be advised of the possible need to reduce levodopa dosage aller the initiation of ELDEPRYL® (SELEG- 
LINE HYDROCHLORIDE] rey anaes 
Patients (or their families if the patient is incompetent] should be advised not to exceed the daily recommended dose of 10 mg. The risk 
ol ing Tepe daly eee 0f selagine Sue be expand pn el Reeve ot h cheese reaction’ provided. While hypertensive 
reactions with selegiline have not been reported, documented experience is jimited. Consequent | rnay be to inform patients {or their 
families} about the signs and symptoms associated with MAOI induced hypertensive reactions. ie s, patients should be urged to report, 
immediately, any severe headache or other atypical or unusual symptoms not previously experienc 
Tests: No specific laboratory tests are deemed essential for the management of patients on ELDEPRYLS (SELEGILINE HYDRO- 
Condy Periodic routine evaluation of al! patients, however, is appropriate 
interactions: No interactions attributed to the combined use of selegiline and other drugs have been reported. However, because the 
of documented clinical experience is limited, the level of reassurance provided by this lack of adverse reporting is uncertain. (See 
WARNINGS and PRECAUTIONS 
Mutagenesis, and Impairment of Fertility: Studies have not been performed to date fo evaluate the carcinogenic potential 
r nouns 
Pregnancy: Pregnancy Category C. Insufficient animal reproduction studies have been done with segane to conclude that selegiline poses 
no teratogenic risk However, one rat study carried out a! doses as much as t80 fold the recommended human dose revealed no evidence 
ola ic eect Itis not known whether can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. ine Should be given to a pregnant woman oniy if clearly needed 
Nursing Mothers; f is not known whether selegiine hydrochloride is excreted in human milk. Because many drugs are excreted in human 
milk, consideration should be given to discontinuing the use of all but absolutely essential drug treatments in nursing women. 
Pediatric Use: The effectis of selegiine hydrochionde in children have not been evaluated 


ADVERSE REACTIONS: 
Introduction: The number of 


is further 
mown, but 


who received seiegiline in prospectively monitored pre-marketing studies is limited. White other sources 
of information about the use of selegiline are available (e.g. lterature reports, foreign post-marketing reports, etc | they do not provide the kind 
of information necessary to estimate the incidence of adverse events. Thus, overall incidence figures for adverse reactions associated wih 
the use of selegiline cannot be provided. Many of the adverse reactions seer have been aiso as symptoms of dopamine excess. 
Moreover the importance and severity of various reactions reported often cannot be ascertained. One index of relative importance, however, 
is whether or not a reaction caused treatment discontinuation. In prospective pre-marketing studies, the following events led, in decreasing 
order of frequency, to discontinuation of treatment with selegiline: nausea, hallucinations, contusion, depression, loss of batance, insomnia, orthastate 


hypotension, increased akinetic involuntary movements, agitation, arrhythmia, bradykinesia, chorea, delusions, hypertension, new or increased 


angina pectoris and syncope. Events reported only once as a cause of discontinuation are ankle edema, anxiety, burning lps! mouth, constipation, 
Dovsnets On ia, excess perspiration, increased freezing, gastrointestinal bleeding, hair loss, increased tramo, nervousness, weakness 
oss. 


eyes wih ELDEPAYL® (SELEGILINE HYDROCHLORIDE} obtained in parallel, placebo convolled, randomized studies provides on'y 

almae bacis sens oiaro a mes Te ara fe eee es os naar 

bon trea e as compared 10 patients assigned to in parallel, placebo con nal performed in is 

with Parkinson's disease are shown in the following Table. None of these adverse reactions led to a discontinuation of treatment 

in al prospectively monitored clinical investigations, enrolling approximately 920 patients, the following adverse events, ciassiied by body 
were 


, ware reported, 
CENTRAL NERVOUS SYSTEM: 

Motor‘Coordination Extrapyramidal: increased tremor, chorea, toss of balance, restlessness, blephorospasm, increased bradykinesia, facial 
grimace, faling down, heavy leg, muscle twitch’, myoclonic jerks’, stiff neck, tardive dyskinesia, dystonic symptoms, dyskinesia, involuntary 
movements, freezing, festination, increased apraxia, muscle cramps. 

Mental hallucinations, dizziness, confusion, anuiety, deoression, drowsiness, behavior’mood change, dreams’ 
nighimares, redness, delusions, disorientation, lightheadedness, impaired memory’, increased energy’, transient high’, hollow feeling, lethargy’ 
malaise, apathy, overstimulation, vertigo, personality change, sleep disturbance, restlessness, weakness, transient irntabiity 


Eldepry! 


PainiAltered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, throat burning, generalized ache, chills, numbness 
of foes ‘fingers, taste disturbance. 
AUTONOMIC NERVOUS SYSTEM: Dry mouth, blurred vision, sexual dysfunction. 
CARDIOVASCULAR: Orthesiatic jon, hypertension, arrhythmia, palpitations, new or increased angina pectoris, hypotension, tachycardia, 
GASTROINTESTINAL: Nausea‘ vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, diarrhea, heartburn, rectal bleeding, bruxism’, 
Gastrointestinal bleeding {exacerbation of preesasting ulcer disease). i ; 
GENITOURINARY /GYNECCLOGIC/ ENDOCRINE: Siow urination, transient anorgasmia’, nocturia, prostatic hypertrophy urinary hesitancy, urinary 
retention, decreased penie sensation’, urinary frequency. 
SKIN AND APPENDAGES: increased sweating, diaphoresis, facial hair hair loss, hematoma, rash, photosensitivity, 
MISCELLANEQUS: Asthma, diplopia, shortness o! breath, speech affected. has P 
POSTMARKETING REPORTS: The following experiences ero. tesa foe reports. reports de not provide 
sufficient information to establish a clear causal relationship with the use of EL! EYL SEL COLNE HYDROCHLORIDE; 
CNS: Seizure in dialyzed chronic renal failure patient on concomitant medications. 
“indicates events reported only at doses greater than 10 mg/day 
incidence of Treatment-Emergent Adverse Experiences in the Placebo-Controlied Clinical Trial 
Adverse Event Number of Patients Reporting Events 


selegiine hydrochloride 
N=49 
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OVERDOSAGE: 
Selegiline: No specific information is available about clinically significant overdoses with ELDEPRYL® {SELEGILINE HYDROCHLORIDE). However, 
Saarne ganad dag sdlegine’s development reveal Wel some adado exposed 10 doses of 800 mg d) seine seed severe 


ee and psychomotor agitation. 

i ie selectae inhibition of MAO B by selegiine rdrochloride is achieved only at doses in the range recommended for the treatment 

of Parkinson's disease e.g. 10 mg/day), overdoses are 1 cause signiert infin of boh MAO A and MAO-B- Consequcth Be 

signs and symptoms of overdose may resemble those observed with markeled non-selective MAO inhibitors {e.g tranyicypramine (PARNATE), 

isocarboxazide (MARPLAN), and phenelzine [NARDIL]. 

Overdose with Non-Selective MAO inhibition; NOTE: This section is provided for reference; it does not describe events that have actually 

been observed with selegiline in overdose. i 4 
A sigre and SRT eR ae eee rina ected eee ston 

of drug and the appearance Sipe may occu apart. Ue poit enay the syndrome may not be reached for upwards of a day 

following the Death has been reported following overdosage. Therefore, immediate hospitalization, 

and monitoring for a period of at east two days folowing the ‘of such drugs in overdose is strongly recommended. 

The clinical picture of MAOH overdose varies considerably, ils severity may be a function of the amount of drug consumed. The central nervous 

and cardiovascular systems are prominently involved P i Ae 
Signs and symptoms of overdosage may include, alone or in combination, any of the following: drowsiness, dizziness, faintness, irritability, 

hyperactivity, agitation, severe headache, hallucinations, trismus, opisthotonus, convulsions, and coma, rapid and iregular pulse, hypertension, 

hypotension and vascular collapse: precordial pain, respiratory depression and failure, hyperpyrexia, diaphoresis, and cool, clammy skin. 

‘Treatment Suggestions for Overdose . 

Pig rheraepehwtlajelg we o with: vt porsrtenlag sen. uggs fone ar ollarad vanid upór lhs aurofon 
selegiline overdose none poisoning. in any case, up-to-date information treatment 

of overdose can often be obtained irom a certified jona! Poison Contro: Center. numbers of certified Poison Control 

Centers are listed in the Physician's Desk Reference ( Ss 

Treatment of overdose with non-selective MAOIs is symptomatic and supportive, Induction of emesis or lavage with instillation of charcoal 

Surry may be helpful in early poisoning, provided the airway has been protected against aspiration, and symptoms of central nervous 

syle siilas, kelding Tans shuld be rake’ win Arar Bees ly intravenously Phenothiazine derivatives and central 

nervous system stimulants should be avoided. Hypotension and vascular collapse should be treated with intravenous fluids and, if necessary, 

blood pressure titration with an intravenous infusion of a dilute pressor agent. ft should be noted that adrenergic agents may produce a markedly 

increased pressor t . 

Respraton shoud Supid Sepa measures, Sn NEN o ariway, uoa ere ee and ie 

assistance, as r 
Body lempraue shoud be monitored closely Intensive management of hyperpyrexia may be required. Maintenance of Muid and electra 
balance is essential 


DOSAGE AND ADMINISTRATION: 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is intended for admmistration to Parkinsonian patents recehing vodop cari tereny 
who gemorste a Serotaing response 1o bns 1reaiment The recommended men for the administration of ELDEPRYL® (SELEGILINI 
HYDROCHLORIDE] is 10 mg per day administered as divided doses of 5 mg each taken at breakfast and lunch. There is no evidence that 
hatama boelt wil be obid fom he admunstabon of higher doses. Morecve, higher doses shoud ordinari be avoided because ol 


the increased risk of side effects. X 
Aher two to three days of treatment, an attempt may be made to reduce the dose of carbidopa. A reduction of 10 fo 
30% was achieved with the typical participant in the domestic placeto controlled trials who was assigned to selegiiine treatment, Further reductions 


of levodopa/carbidopa may be possible during continued selegitine therapy. 
AUGUST, 1990 011-25-P-103] 
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... because after seizure control, there's a lot of living to do! 








TEGRETOL is indicated for children 6 years and alder and odu 
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carbamazepine USP 
Chewable Tediets of 100 mg—red-speckied, pink Tablets of 208 mg— pink 





WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC 
TIONS iS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU 
LATION 1S LOW. APPROXIMATELY Six PATIENTS PER ONE MILLON POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER. THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS COND- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE GF THE VERY LOW INCIDENCE GF AGRANULOCYTOSIS AND APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 0B 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS. COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
if A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITOREO CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON 
SIDERED tf ANY EVIDENCE OF SIGNIFICANT BONE MARROW OEPRESSION 
DEVELOPS 











Betore prescribing Tegretol. the physician should de thoroughly familiar with the 
details of this prescribing information. particularly regarding use with other drugs, 
sapecisily those which accentuate toxicity potential 


DESCRIPTION 

Tegretol, carbamazepine USP is an anticonvuisant and specific anaigesic tor Ingemina? 
neuralgia, available as chewable tablets of 100 mg and tadiets af 200 mg for orai 
administration its chemical name is SH nid flazepine-5-carboxamide and ds struc 


turai formula i5 O> 
N 


1 
CONH; 
Carbamazepine USP is a white to off-white powder, practically insoluble in water and 

soluble in alcoho! andon acetone its moiecuiar weight is 236 27 
Inactive ingredients Colloidal siicon dioxide. FD&C Red No 3 ichewabie tabiets only) 
FORC Red No 40 (200-mg tablets oniy), flavoring (chewable tablets only). gelabr 
Glycerin. magnesium stearate, sodium starch glycolate (chewable tabiets oniy), starch 
steanc acid. and sucrose (chewable tablets oniy} 


CLINICAL PHARMACOLOGY 
in controtied clinical trials, Tegretal nas been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trgeminai neuralgia 

it has demonstrated anticonvulsant properties in rats and mice with electnicaily and 
chemically induced seizures It appears to act by reducing polysynaptic responses and 
blocking the post-tetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats It depresses thalamic potential and 
bulbar and polysynaptic reflexes, inciuding the linguamandibulas reflex sn cats Tegeetol is 
chemucaily unrelated to other anticonvulsants or other drugs used to control the pain of 
tngeminal neuralgia. The mechanism of action remains unknown 

Tegretol tabiets are adequately absorbed after oral administration at a Slower rate than a 
solution. Thus avoiding undesivably high peak concentrations Tegretol chewabie tabiets 
may produce migher peak levels than the same dose given as regular tablets Tegretol sn 
blond is 76% bound to plasma protems Plasma levels of Tegreto! are variable and may 
range from 0 5-25 agimi, with no apparent reiationstip to the daity intake of the drug 
Usual adult therapeutic teveis are between 4 and 12 g/m! Following oral admmmstration 
serum leweis peak at 4 to 5 hours The CSF/serum ratio is 0 22. similar to the 22% 
unbound Tegretol in serum Because Tegretol may induce ts own metabolism, the haif-Me 
a$ aisg variabie Initai hait-ite vaiues range trom 25-65 hours, with 12-17 hours on 
tepeated doses Tegreto! is metabolized in the hver After oral administration ot 14C-carba- 
mazeome 72% of the admimstered radioactivity was found in the anne and 28% in the 
feces This urinary radioactivity was composed iargety of hydroxylated and conjugated 
metabotites. with only 3% of unchanged Tegreto! Transpiacenta! passage ot Tegreto! is 
rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues. with nigner ‘evels 
found in hver and kidney than in Drain and tungs 


INDICATIONS AND USAGE 
Epilepsy: Tegreto! is indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was denved from active drug-controtied studies 
that enrolled patients with the following seizure types 
t Partai sezures with complex symptomatoiogy (psychomotor. temporal tobe) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generatized tone-ctonic saszures (grand mai} 
3 Mixed seizure patterns which inciude the above. or other partial or genetahzed 
sezures 

Absence sezures {petit mali do not appear ta be controlled by Tegretol (see PRESAU 
TIONS, Generai) 
Trigeminal Weursigia: Tegretol is indicated in the treatment of the pain associated with 
true geminal neuralgia 

Beneticial resuits nave also been reported in giossopharyngeal neuralgia 

This drug is not a simple analgesic and should not de used tor the relief of tnvial aches or 
pains 
GONTRAINDICATIONS 
Tegretol should not be used in pabents with a history of previous bone marrow depression 
hypersensitivity to the drug. of known sensitivity to any of the tricyclic Compounds. such 
as amitriptyiine. desipramine. imipramine. protriptyine nortnptyline. etc Likewise. on 
treoretical grounds its use with monga: oxidase inhibitors S not recommended 
Before administrabon of Tegreto!. MAQ :onibitors should de discontinued for a minimum 
of fourteen days. ar fonger t the chucat situation permis 


WARNINGS 
Patients wth a history af adverse nematoiogie reaction 10 any drug may be parts 
nsk 

Severe dermatsiogic reactions metuding toxic epidermal necrolysis iiye s syndrome} 
and Stevens-Jonnson syndrome. have been reported with Tegretol These reactions have 
been extremely rare However. a tew fatalities have been reported 

Tegretol nas shown mid anticholinergic activity: therefore. patients with increased 
intraocular pressure shouid be closely Observed dunng therapy 

Because of the reiatonship of the drug to other tricyche compounds. the possitiity ot 
activation of a latent psychosis and, in elderly patients. of confusion or agitation should be 
borne in mind 


PRECAUTIONS 
General: Betore innating therapy. a detased history and physical examunation shouit be 
made 
Yegreto! should be used with caution in patents with a mixed seizure disorder ‘hat 
includes atypica! absence seizures. since in these patients Tegretol nas been associated 
with increased trequency of generalized convuiscons isee INDICATIONS AND USAGE} 
Therapy should be prescribed oniy after cetecai benefit-to-nsk appraisal in pahents with 
a Mmstory of cardiac, hepatic of renal damage adverse hematologic reaction to other 
drugs oc nterrupted courses of therapy with Tagrete’ 
information for Patiente: Patients shouid be made aware of the early toxic signs and 
symptoms of a potentia! hematoiegic probiem such as fever. sore throat. ulcers m the 
mouth easy brassing. petechial of purpuric hemorrhage. and should be acwsed to report 
van mimediately ¿t any Such sigs or symptoms appeat 
mess and drowsiness May occur patents should be cautioned about the 
hazards of operating machinery of aulomobdes of engaging im other potentiality dangernus 
tasks 
Laboratory Tests: Compete pretreatment bigod counts. including platelets and possibly 
reticulocytes and serum iron. shoutd be obtaned as a baseline Ifa patent in the course of 
treatment extubits iow or decreased white bigod cel oF piateiet counts. the patent should 
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De monitored cicsety Discontinuahen of the deug should be considered if any evidence of 
signilicant Done marrow depression develops: 

Baseine and penodic evaluations of byer tunction parbculariy im patents with a history 
of iver disease must be pertormed during treatment! wath this drug since hyer damage 
may occu’ The drug shouid be discontinued immediately m cases of aggravated iver 
dystunchon or active hver disease 

Baseine and perodic eye examinations. mciuding sit-tamp. funduscopy and toname- 
Wy are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseine and penodic complete urnatysis and BUN determinations are recommended 
tor patients treated with this agent because of observed renal dysfunction 

Monitonng of biood ieveis see CLINICAL PHARMACOLOGY} has increased the efficacy 
and safety of anticonvulsants This momtonng may be particularly usetul «4 cases of 
dramahc merease N seizure frequency and for verscation of compliance in addition 
measurement of drug serum levels may aid in determining the cause of toxicity wher: more 
than one medication is being used 

Thyroid function tests have been teported to show decreased values with Tegreta! 
administered aone 

Hyponatrera has been reported n association with Tegretol use. ether aione oron 
combination with other drugs 
Drug interactions: The simultaneous admunstraton of phenobarbital phenytom or 
pnmigone. or a combination of two. produces a marked iowenng of serum levels of 
Tegratoi The effect of vaiprarc acid on Tegreto! bicog levels as not clearly estabisned 
although an increase in the raho of active 10. it-epmude metabolite to parent compound's 
a consistent finding 

The hait-iwes at phenytoin warfann doxycyciine ang theophylline were signitcantty 
Shortened when administered concurrently with Tegretol! Halopendol and vaiproic acd 
serum levels may be reduced when these drugs ate a¢ministered with Tegretol The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regnen 

Concomitant administration of Tegretol with erythromycin, cimetidine. propoxypnene: 
isomazic ot calcium channel blockers has been reported to result in elevated plasma ‘evels 
of carbamazepine resulting in taxicdty im some cases Also. concomitant administration of 
carbamazepine and ithium may increase the risk of neurotone side effects: 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medicatians 

Breakthrough dieeding has been repartee among pahents receiving concomitant orat 
contraceptives and ther rekabiity may de adversely affected 
Carcinogenesis. Mutagenesis, impairment of Fertility: Carbamazepine whee admims- 
tered to Sprague Dawiey rats for two years im the diet at doses af 25. 75. and 250 
moskg/day. resulted in a dose-reiated increase in the inc:dence of hepatocellular tumors n 
femaies and of benign interstitial ceil adenomas in the testes of males 

Carbamazepine must therefore. be considered to be carcinogenic in Sprague-Dawiey 
rats Bacterial and mammahan mutagenicity studies using carbamazepine produced 
negative results The signiticance of these findings relative to the use of carbamazepine in 
humans is at present unknown 

Category C: Tegretai nas been shown to Nave adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 hmes me Maximum numan daity dosage 
of 1200 mg In rat teratoiogy studies. 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cieft palate. 1. talipes, 1 
anophtnaimos. 2) 9 reproduction stucies sm rats. nursing offspring demonstrated a tack 
of weight gain and an unkempt appearance at a materna! dosage level of 200 mg/kg 

There are no adequate and weil-controiled studies in pregnant women Episemiplogicai 
data suggest that there may be an association between the use of carbamazepine during 
pregnancy and congenital malformations. inciuding spina bifida Tegretol should de used 
during pregnancy aniy it the potential Denet! justifies the potential risk to the fetus 

Retrospective case reviews suggest Ihat. compared with monotherapy. there may be a 
higher prevalence ot teratogenic effects associated witn tne use of anticonvulsants on 
combination therapy Therefore. monotierapy is recommended tor pregnant womer: 





Only TEGRETOL, 
brand of carbamazepine. 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet. as well as 
a 200-mg scored tablet 





itis important to note that anbconvulsant drugs should not de discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibilty of precipitating status eptephcus with attendant hypoxia and threat to ite in 
indiwidual cases where the severity and frequency of the seizure disorder are such tnat 
remova! ot medication does not pose a serous threat to the patient. discontinuation of the 
drug may be considered prior to and dunng pregnancy. although +f cannot de said with any 
conhdence that even minor seizures do net pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The ettect of Tegreto: on numan iader and delivery is unknown 
Nursing Mothers: During ‘actation. conceatration of Tegretol in milk ss approximately 60% 
of the maternai plasma concentration 

Because of the potential tor serious adverse reactions in nursing intants from car 
bamazep:ne. a decision shouid be made whether to discontiaue nursing or to discontiaue 
the drug. taking onto account the mpor tance at the drug to the mother 
Pediatric Use: Safety and effectiveness in chidren below the age of 6 years Nave not been 
estabisned 


ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued. the physician 
Must be aware that abrupt discontinuation of arty anbeonvulsant drug in a responsive 
eplieptc patent may tead to seizures of even status epdepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the femopaielic system {see 
boxed WARNING}. the sion and the cardbovascular system 

The most frequently observed adverse reactions. particularily during the mnai phases of 
therapy, are dizziness. drowsimess. unsteadiness. nausea. and vomiting To minimize the 
possibility of such reactions. therapy shou'd be initiated at the tow dosage recommended 

The tollowing additiona! adverse reactions have Deen reported 
Hemopoetc System Apiastc anemia. agranulocytosis. pancytopenia. bone marrow 
depression. thrombocytopenia. leukopenia, ieukocytosis. eosinophilia, acute intermittent 
porphyria 
Skin Prurthc and erythematous rashes. urficana toxic epidermal necrotysis iiyelis 
syndrome? {see WARNINGS). Stevens-Johnson syndrome isee WARNINGS). photosen- 
‘sitwity Feactions. alterations in skin pigmentaion. extohative dermatitis. erythema muit- 
forme and nodosum. purpura. aggravation of disseminated lupus erythematosus 
alopecia and daphoresis In certain cases d:scontinuaton of Iherapy May De necessary 
Cardiovascular System Congestive heart faure. edema. aggravation of hypertension 
hypotension syacepe and collapse. aggravation ot coronary artery disease. arrhythmias 
ang AV Diock. primary thrombopniebitis. recurrence of thrombophlebitis. and adenopathy 
‘or lymphadenopathy 

Some of these cardiovascular complications nave tesulted ii fatalities Myocardiai 
infarchon has been associated with other trcyciic compounds 
Liver Abnormates on iver function tesis choi iç ang hepatoceliuiat jaundice 
hepatis 
Respiratory System Pulmonary hypersensitivity charactenzed by fever dyspnea. pneu- 
monitis of pneumo: 
Genitourinary System Urnary trequency. acule unnary retention. oliguna with elevated 
Mood pressure. azotemia_rena! failure. and:mpotence Aibuminuna. glycosuria elevated 
BUN and microscopie deposits in the urine nave aiso heen reported 

Testicular atrophy occurred in rats recesving Tegretol oratiy trom 4 to 52 weeks at dosage 
levets of 50 to 400 mg/kg/day Additionally. rats recening Tegretol in the diet for two years 
at dosage levels of 25. 75 and 250 mgvkg/day had a dose-related incidence of testeculas 
atrophy and aspermatogenesis in dogs. it produced a Drownish discoloration. presum- 
ably a metaboite. :n Ine unnary bladder at dosage ‘evels ot S0 mg/kg ang mgher 
Relevance ot these findings to humans is unknown 
Nervous System Dizziness. drowsiness disturbances 9! coordination. confusion, neag- 
ache fatigue. Blurred wisen. visual Rallucinations. Transient diplopia, oculomotor gistur- 
dances. nystagmus. speech disturbances. abnarmai involuntary movements. penpherai 
neunts and paresthesias depression with agitation talkativeness. unmtus ang 
pypetacus:s 

There have been reports of associated paralysis ang other symptoms of cerebral artera 
insutticiency, but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausez vomiting. gastric distress and abcammmai pain diarrhea. const- 
pation anorexia. and dryness of the mouth and pharysx. mciuding glossit:s ang stomatitis 








Eves Scattered. punctate. cortcai iens opacities. as well as conjunctivitis have been 
reported Although a direc! causal relationship has not been established. many phe- 
nothiaz:nes and related drugs Nave been Shown 10 cause eye changes 
Musculoskeietai System Achang joints and muscies and teg cramps 
Metabonsm Fever and chilis inappropnate anhdiurent hormone (ADH! secretion syn- 
drome has been reported Cases of frank water intoxication with decreased serum sodium 
ihyponatremual and confusion Nave been reported wt assocation with Tegretol use isee 
PRECAUTIONS Laboratory Tests) 
Other isolated cases of a lupus erythematosus uke syndrome nave been reported There 
nave been occasionai reports of elevated levels of choiesteroi HDL cnolestero: and 
teglycerides in patents taking anticonvulsants 

A case of aseptic meningitis. accompanied by myccionus and peripheral eesnaphs: 
fas been repatted sn a pahem: taking carbamazepine n combination with other medica- 
tions The patent was Successfully dechatienged. and the memngits reappeared upon 
fechalienge with carbamazepine 


ORUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol nor is there evidence of 
psychologic! of physicai dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known iethai dose adults. >60 g (39-yearoid mani Highest known doses 
survived adults 30 g iSl-year-cid wimani, cmidren. 10 g i6-year-old boy) smat 
chidren. § g {3-year oid grij 

Oral 96 in animais imgikg) mee, 1100-3756 rats, 3850-4025 rabbits, 1500-2680. 
gunea pigs $20 
Signs and Symptoms 
The first signs and symptoms opea! after 1-3 hours Neuromuscular disturbances are the 
mast prominent Cardiovascular disorders are generaly mider and severe cardiac com- 
plications occut oniy when very high doses {>60 gi have been ingested 
Respiration irregular breathing respiratory depression 
Cardiovascular System Tachycardia, hypotension or hypertension, smock. conduction 
disorders 
Nervous System ang Muscles impairment ot consciousness ranging n severity to deer 
coma Convulsions especiaity in sma chidren Motor restiessness. muscular twitching 
tremor athetosd movements gpisthotanos ataxia drowsiness dizziness. mydriasis 
nystagmus. adadochoxines:a. bailism. psychomotor disturbances. dysmetna 
hyperretieasa. toltowed by hyporefiexia 
Gastromtestinai Tract Nausea. vomiting 
Kianeys and Biadoet Anuna oF olguna. urinary retention 
Laboratory Findings isolated stances ot overdosage nave included leukocytosis, re- 
duced ieukocyte count. giycosuna and acetonuria EEG may show dysrhythmias. 
Combined Poisoning When aiceho! tricyclic antidepressants barbiturates or hydantains 
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Neonatal Seizures, edited by Claude G. Waster- 
lain and Paul Vert, 336 pp, with illus, $98, New 
York, NY, Raven Press, 1990. 

The literature of the epilepsies has 
burgeoned in the past decade. This is 
particularly true of pediatric epilep- 


“tology where basic mechanisms, in- 


cluding molecular biology and genet- 
ics; the identification of individual syn- 
dromes; and the identification of 
epileptogenic mechanisms at the neu- 
ronal level, the synaptic level, and the 
higher levels of systems involved in the 
propagation of the epileptic discharge, 
have been elucidated. 

This book fills a void. Among the 
identification and classification of epi- 
leptic seizures and the epilepsies, 
knowledge about neonatal seizures has 


«Jagged. The lag has been contributed 


by the difficulty in identifying neona- 
tal seizures, which are frequently sub- 
tle and less stereotyped than in the 
older child, frequently occur in the 
background of a severe brain distur- 
bance, and depend in their pathophys- 
iology on respiratory and blood flow 
changes resulting in energy failure in 
a system with its own fragile autoreg- 
ulatory mechanisms. 

This volume is divided into several 
sections. These include clinical de- 
scriptions of seizures, syndromes, and 


; electroencephalographic changes that 


bring the patient to the notice of the 
physician. Basic differences already 
occur according to the anatomic level 
of nervous system derangement. The 
mechanisms of brain damage are dis- 
cussed at the level of neuronal events, 
where energy metabolism, selective 
neuronal vulnerability, and pathologic 
changes as the result of seizures and 
status epilepticus are discussed. The 
metabolism of the immature and neo- 
natal nervous system, the nuances of 
substrate utilization and blood flow 
autoregulation, and the use of positron 
emission tomography and nuclear 
magnetic resonance imaging in the in- 


section. A discussion of synaptic 
events and neurotransmitter pharma- 
cology, including excitatory and inhib- 
itory transmitter mechanisms and 
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the concept of excitotoxins and their 
consequences, follow. Local circuit 
changes in specific brain regions, the 
development of mossy fiber sprouting, 
and the resulting synaptogenesis and 
neuronal plasticity involving the mo- 
lecular layer of the dentate gyrus in 
experimental epilepsy, are of great 
current interest and are germane to 
the evolving rationalization of the 
therapy of epileptic seizures. The sub- 
ject of therapy completes the book. 

Between the idea and the reality of 
publication falls the shadow of 3 years 
in production; yet the volume remains 
remarkably fresh and current. This 
book is not just another conference 
proceeding but represents a major step 
in illuminating both brain develop- 
ment and the pathophysiology of epi- 
lepsy. It is highly recommended to all 
who strive to better apply the results 
of neuroscience research to under- 
standing the compromised developing 
nervous system and translating this 
understanding to improving rational 
therapies. 


Fritz E. Dreiruss, MB, FRCP, FRACP 
Charlottesville, Va 


Amyotrophic Lateral Sclerosis. Concepts in Patho- 
genesis and Etiology, edited by Arthur J. Hudson, 
378 pp, $75, Toronto, Ontario, University of Tor- 
onto Press, 1990. 

This book is a collection of 15 papers 
presented in 1987. Contributors in- 
clude the editor, Dr Arthur Hudson, 
who is the founder of the Amyotrophic 
Lateral Sclerosis (ALS) Society of 
Canada, and Drs Antel, Calne, Dala- 
kas, Eisen, Gajdusek, Hirano, 
Kurland, and others who have been 
important, long-time students of ALS 
and other neurodegenerative disor- 
ders. The interest of the presentations 
ranges broadly. This is a sampling of 
observations put forth in some of the 
reports: “Use of cultured human fetal 
spinal cord neurons currently repre- 
sents the most promising model sys- 
tem in which to explore the cause of 
ALS.” “Sera from a proportion of pa- 
tients with ALS and other denervating 
diseases produce a... decrease [sic] of 
motoneuron death during embryonic 





development.” “Classic ALS...ap- 
parently results in impaired metabo- 
lism of gangliosides, which leads to 
rapid death of motor neurons.” “Un= = 
derstanding of the molecular basis of 
the retrovirus-induced motor neuron 
disease in mice .. . we hope will help to 
[prevent and treat human neurodegen- 
erative diseases].” “The... data indi- 
cate a failure as yet to detect unique 
antibodies interacting with motor neu- 
rons in ALS.” Motor neuron diseases 
“clinically indistinguishable [from 
classic sporadic ALS] include familial 
ALS, Western-Pacific ALS, post-en- 
cephalitic ALS, and a presumably in- 
fective form of disease [following a cat 
bite].” 

A special feature of this volume is — 
the considerable attention paid to the 
Western-Pacific form of ALS and its 
changed incidence as well as its con- 
troversial link to dietary habits. 

The book is well presented, with care 
unusual for the product of a sympo- 
sium. Some of the discussions, such as 
that concerning the pathologic basis of 
the disease, are very useful resources 
that should outlive the usual lifespan 
of this type of collection. To read this 
book is to gain some assurance that 
those of us who are practicing last- 
century medicine in caring for our pa- 
tients with ALS have reason to hope 
that the treatment of the disease will 
move into the modern era. The hope- 
fulness that this creates in practitio- 
ners cannot help but reach our pa- 
tients and their families. It is clear 
that the investigators who compiled 
this book have that ultimate objective 
in mind. 

Davip GoLpstatr, MD 
Rochester, NY 


Imaging of the Nervous System, by Paul Butler, 
271 pp, with illus, $198, New York, NY, Springer- 
Verlag Ine, 1990. 

This book presents a well-written 
overview of the imaging modalities of 
the central nervous system. Computed 
tomographic scanning, magnetie reso- 
nance imaging, angiography, myelog- 
raphy, plain-film radiography, duplex 
sonography, and isotope imaging are 
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discussed; the primary emphasis is on 
computed tomographic and magnetic 
resonance imaging. The first chapter 
discusses cerebrovascular disease with 
an excellent review of the pertinent 
findings of cerebral infarction on com- 
puted tomography. The pattern of at- 
tenuation and enhancement, hemor- 
rhage, mass effect, vascular territory, 
age of the infarct, and the differential 
diagnosis are covered in depth. The 
difficult subject of discussing the var- 
ied causes of cerebrovascular disease is 
concisely handled. Other well-written 
chapters discuss intracranial tumors, 
hydrocephalus and degenerative dis- 
eases, trauma, infections, pediatric 
neuroimaging, spine imaging, orbit 
imaging, temporal bone imaging, the 
muscular and peripheral nervous sys- 
tem, and isotope imaging. 

The text is well organized and is 
concisely written. The information is 
practical, current, and well referenced. 
The printing is legible, the legends are 
informative, and the illustrations are 
of high quality. 

The need for a concise up-to-date 
summary of central nervous system 
imaging is well fulfilled by this book. 
Although this book is useful to all ra- 
diologists, neurologists, and neurosur- 
geons, it is especially well suited for 
residents in training. In addition, this 
text would serve as an excellent refer- 
ence in medical libraries for medical 
students and practicing physicians 
and surgeons. 


STEPHEN E. Joy, MD 
Rochester, NY 


Essentials of Child Neurology, by Suresh Kotagal, 
192 pp, $42, St Louis, Mo, Ishiyaku EuroAmerica 
Ine, 1990. 

Essentials of Child Neurology is an- 
other in the recent spate of minitext- 
books on pediatric neurology. As 
stated by the author in the preface, 
this book attempts to provide an in- 
termediate-length summary of the 
discipline. 

The book’s chapters vary from topic- 
oriented to symptom- or sign-oriented 
and provide succinctly written sum- 
maries of major problems in clinical 
pediatric neurology. The book begins 
with a brief introduction to the neuro- 
logic history and the examination of 
the infant and young child, emphasiz- 
ing the developmental factors that in- 
fluence neurologic findings. Chapter 1’s 
section, “Commonly observed Neuro- 
logical Manifestations,” represents a 
useful glossary of neurologic terms. 
Inclusion of concise definitions of neu- 
rologic jargon is a laudable feature 
throughout the text. 

Subsequent chapters cover numer- 
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ous topics in pediatric neurology, in- 
cluding infections of the central ner- 
vous system, seizure disorders, neuro- 
cutaneous syndromes, neuromuscular 
conditions, and neurodegenerative dis- 
orders, to name but a few. Most infor- 
mation is accurately presented, and 
the book contains sufficient detail re- 
garding contemporary therapeutic 
modalities for many disorders. The 
well-written chapter describing sleep 
disorders as well as the chapters on 
seizure disorders and neurologic emer- 
gencies provides practical information 
relevant to residents and practitio- 
ners. 

The book does a commendable job of 
incorporating information regarding 
developmental disabilities and school 
failure, topics that are frequently con- 
sidered on the fringe of traditional pe- 
diatric neurology. By contrast, tumors 
of the nervous system and the neuro- 
logic complications of systemic ill- 
nesses receive only cursory mention. 
Readers would be well served by addi- 
tional material regarding neoplasms 
of the central nervous system and the 
expanding role for chemotherapy in 
the treatment of such tumors. 

Although the chapters per se are 
generally well organized and include 
an introductory outline, the sequenc- 
ing of chapters could be improved. The 
chapter describing “Common Neurodi- 
agnostic Procedures” would more log- 
ically follow the chapter on “Clinical 
Assessment,” and the nicely written 
chapter on “Neonatal Neurology” 
could be juxtaposed with the section 
describing the “Development of the 
Nervous System and its Aberrations.” 
The text could also indicate more 
clearly the relative prevalence of dis- 
orders that constitute a specific differ- 
ential diagnosis. 

The book contains several tables and 
algorithms that appropriately supple- 
ment material in the text. Certain ta- 
bles, particularly those summarizing 
central nervous system storage disor- 
ders and hereditary neuropathies, in- 
corporate abundant, valuable clinical 
details. In general, the algorithms pro- 
vide useful information regarding the 
formulation of a differential diagnosis. 
Each chapter concludes with a modest 
number of references or suggestions 
for further reading. 

A few publishing glitches detract 
from the overall quality of Dr Kota- 
gal’s effort. The type seemed a bit fuzzy 
in places, and some illustrations 
lacked clarity or were off-center. The 
book sent for review was missing pages 
25 through 32, an error hopefully lim- 
ited only to this copy. Occasional typo- 
graphical errors, eg gentamycin and 


ethosuxamide, were also detected. De- 
spite these flaws, Essentials of Child 
Neurology achieves its goal and con- 
stitutes a readable, introductory-level 


text suitable for students, residents- ` 


in-training, and many practitioners. 
James F. BALE, JR, MD 
Iowa City, lowa 


Delirium: Acute Confusional States, by Z. J. Lip- 
owski, 490 pp, $69.50, New York, NY, Oxford Uni- 
versity Press, 1990. 

Delirium is an erudite, comprehen- 
sive treatment of a difficult yet impor- 
tant subject. Z. J. Lipowski deserves 
credit for bringing together many ar- 
eas of widely discrepant opinions, de- 
scriptions, and explanations for the 
complex phenomena that can be ob- 
served in acute confusional states or 
delirium. As there is a great deal of 
variability in symptomatology, delir- 
ium is a difficult problem to study. The 
patients are usually quite ill, uncoop- 
erative, and difficult to examine, and 
the phenomena of delirium is tran- 
sient. All of this explains the scarcity 
of systematized research and the 
abundance of anecdotal descriptions. 
Delirium is one of the few abnormal 
mental phenomena that has been ex- 
perienced by almost everyone. Most of 
us have gone through a febrile state in 
childhood with vivid, dreamlike hallu- 
cinations and remember the horrify- 
ing experience. 

The definition of delirium to encom- 
pass all forms of confusional states 
will not sit well with everybody. Most 
people would define the term delirium 
to be an acute confusional state with 
restless and excited behavior. This ar- 
gument over terminology is reflected 
in the lengthy chapters on the history 
of delirium and the definition of terms. 
The definition of delirium in the Diag- 
nostic and Statistical Manual of Men- 
tal Disorders, third edition (DSM IID, 
is overinclusive and nonspecific at the 
same time and is not very helpful in 
defining this common and characteris- 
tic clinical phenomena. It would not be 
the first time that attempts by a few 
experts from “above” failed to match 
the general usage, and it would not be 
the first time a pedantic definition in 
the DSM II turned out to be inade- 
quate shortly after it was written. 
There are plenty of reasons to object to 
lumping patients with reduced alert- 
ness and decreased psychomotor activ- 
ity into the category of delirium, which 
is distinguished by increased verbal, 





psychomotor, and autonomic activity. ¢ 


The author himself lists a number of 
these. The usefulness of this distinc- 
tion should be evident to most of those 
who have been called on to diagnose 
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the cause of confusion in a febrile 
child, an alcoholic, or in one who over- 
dosed on drugs. I suspect that this dis- 
tinction will continue to be used and 
remain important, despite efforts by 
the author and others to consider it a 
manifestation of delirium. 

In the description of symptoms, one 


-cannot help but think that some of 


these represent different disease proc- 
esses at one time or another. For ex- 
ample: “As the severity of delirium 
grows, the patient becomes increas- 
ingly distractible and either drowsy 
and lethargic or hyperalert and agi- 
tated.... Concurrently, thinking be- 
comes increasingly labored and slow or 
rapid, but incoherent.” The overinclu- 
sive descriptions are not very useful, 
such as “the speed, frequency, and 
loudness of vocalization are often in- 
creased or decreased in delirium. 
Speech is absent on occasion and the 
patient is mute. At the other extreme, 
a ceaseless flow of speech, often repe- 
tition of the same words or phrases, 
tends to be part of a general 
overactivity.” Surely such widely dis- 
crepant phenomena represent differ- 
ent origins and different mechanisms. 
In a comprehensive book such as this, 
one would expect more emphasis on 
specificity and analysis rather than 
generalization. The author seems to 
have left out the interesting phenom- 
ena of reduplication and the Capgras 
syndrome. I could not find any listing 
for these in the index. 

The descriptive chapter on halluci- 
nations and their psychopathology is 
well done. Recent knowledge concern- 
ing serotonin metabolism in dreams 
and drug-induced hallucinations and 
some of the studies concerning the 
primary visual nature of hallucina- 
tions are interesting. On the other 
hand, disorders of memory are re- 
viewed somewhat superficially. The 
chapter on predisposing and facilitat- 
ing factors and etiology is well orga- 
nized. Particularly extensive is the re- 
view of sleep-deprivation studies. The 
treatment of delirium is well refer- 
enced and is one of the most useful 
chapters in the first part of the book. 

The second part of Delirium deals 
with the more specific causes of this 
disorder, the most important one being 
drug intoxication. I think this is one 
aspect of clinical medicine that is rel- 
evant to almost all disciplines. The 
important concept of confusional 
states as a cognitive, attentional dis- 
turbance, induced by cholinergic 
blockade, is expanded in the chapter on 
anticholinergic toxicity. Cholinergic 
deficiency may be a common denomi- 
nator in many other metabolic toxic 
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encephalopathies that produce a re- 
duced rate of acetylcholine synthesis. 

The section on toxic substances is 
brief and will require the reader to use 
the references extensively for more 
specific information. Alcohol is given 
the substantive treatment it deserves. 
The chapter on metabolic encephalop- 
athies and infections is fairly current 
and even includes the acquired immu- 
nodeficiency syndrome. However, it 
does not deal specifically with herpes 
simplex encephalitis, which must be 
one of the most specific causes of treat- 
able confusional states. This chapter 
only mentions the periodic complexes 
in relation to herpes. One would like to 
have seen the differential diagnosis 
and a description of neuroimaging and 
treatment. 

This is a useful book for any physi- 
cian’s library, and I expect that in the 
future I will make frequent use of it 
myself. It is particularly recom- 
mended for neurologists, internists, 
psychiatrists, and specialists in inten- 
sive care medicine. 

ANDREW KERTESZ, MD 
London, Ontario 


Lesion Analysis in Neuropsychology, by Hanna 
Damasio and Antonio R. Damasio, with illus, 
$42.95, New York, NY, Oxford University Press, 
1989. 

The lesion method in studying 
brain-behavior relationships has had a 
stormy history. The excellent book by 
Hanna and Antonio R. Damasio 
should greatly strengthen the value of 
this method. As I looked over the 
excellent brain images with their ac- 
companying neuroanatomical tem- 
plates, one could wistfully hope that 
Broca could see what he started. 

The Damasios, cognizant of the clas- 
sic contributions and knowledgeable 
from their own extensive research, do 
not make the errors that have plagued 
neuropsychology and have eroded the 
value of the lesion method. They re- 
mind us again of some fundamental 
concepts and give illustrative case his- 
tories to buttress these concepts. First, 
they emphasize, as did Hughlings 
Jackson, that the loss of a function 
with a specific lesion does not mean the 
construct for that function resided 
there. Second, they note that only with 
eareful testing and breaking down a 
response to its component parts can we 
understand what role the lesion played 
in its disruption—a lesson taught us by 
Luria. Third, they dispel the notion 
that associating a syndrome with a le- 
sion does not mean that there is neces- 
sarily some common feature to all ele- 





son learned from their great teacher, 
Arthur Benton, who critically ana- 


lyzed the Gerstmann syndrome.. 
Fourth, they avoid the mistake of pre- 
World War II neurologists who made - 
inferences from well-described single 
anatomicoclinical case reports and 
post-World War II psychologists who 
described extensive series of patients 
without good anatomic descriptions. 
They use multiple single case reports 
combining the best of the well-de- 
scribed single case and the value of a 
series of patients. Fifth, they do not 
make the mistake of assuming all of us 
have similar wiring diagrams unaf- 
fected by experiences, language forma- 
tion, and other subtle factors, so that 
behavior may vary from patient to pa- 
tient with similar lesions. 

The methods portion illustrates the 
painstaking work that is necessary to 
produce their discrete lesion localiza- 
tion. This, combined with their testing 
methods, have contributed greatly to 
our understanding of many different 
clinical entities, such as prosopagno- 
sia, aphasias, memory problems, and 
others. 

The theoretical portion introduces 
some novel concepts. The authors re- 
ject the notion that bilateral lesions of 
the multimodal sensory cortices de- 
stroy perceptual experience. They in- 
troduce the concept of “convergence 
zones.” Essentially, they build their 
theory on my view of the justification 
of a neuroanatomy course, “Every- 
thing in the brain is connected to 
everything else—unfortunately, some 
of the connections have names.” They 
suggest on the basis of their studies 
that multiple regions of the brain co- 
operate in a reciprocating fashion, 
both anterograde and retrograde, to 
create an internal representation of 
the stimulus in a convergence zone. 
Not only does their work buttress this 
notion, but recent electrophysiological 
findings of widespread synchroniza- 
tion of neural regions to a stimulus 
suggest wide and diverse participation 
in sensory interpretation. 

The last part of the book is an 
elegant description, along with exam- 
ples, of the methods of localization 
largely developed by Hanna Damasio. 
The advantages and pitfalls of her 
method are fully discussed. 

The contribution of these two inves- 
tigators to the field of brain-behavior 
linkages are immense. They have 
again demonstrated that the lesion 
method is the major means of under- 


standing brain function. 
ROBERT J. Joynt, MD, PHD 
Rochester, NY 
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: Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal oltor 
signed by all authors must accompany this {see “Instructions for Authors”). 


Magnetic Resonance Imaging 
Hyperintensities in Alzheimer’s 
Disease 


To the Editor.—This letter is a com- 
mentary on Leys and coworkers’ arti- 
cle in the May 1990 issue of the 
ARCHIVES.' We commend Leys and co- 
workers on their effort to determine 
the significance of white matter and 
periventricular changes in patients 
with Alzheimer’s disease. The patho- 
logical significance of these changes 
are particularly difficult to assess 
since, as Leys and coworkers indicate, 
they are found in many neurologically 
and psychiatrically normal controls. 
However, we feel that several method- 
ological issues may make it difficult to 
generalize the findings in this study. 
First, the authors excluded 11 of 31 
subjects due to poor quality in mag- 
netic resonance imaging scans. They 
were not clear why more than one 
third of the patients with Alzheimer’s 
disease had technical difficulties in 
imaging. We agree with the authors’ 
concern that exclusion on the basis of 
an inability to cooperate with the mag- 
netic resonance imaging scan may 
have lead to a skewing of the sample 
toward healthier patients with Alz- 
heimer’s disease. The relatively small 
magnet size and large interslice gap of 
6 mm would also have made their de- 
tection of white matter lesions less 
sensitive. 

Second, the authors are not clear 
why they rate an interobserver agree- 
ment on all original 42 subjects since 
they described technical problems in 
the scans of 11 subjects. These poor- 
quality scans would probably have 
been more difficult to read and have 
lowered the interobserver agreement. 
Poor interobserver agreement clearly 
is a concern when judging the accuracy 
of the data. 

Third, the authors’ conclusion that 
there was no correlation noted be- 
tween age or Mini-Mental Status Ex- 
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amination and periventricular hyper- 
intensities may be due to the relatively 
small sample size and narrow age 
range of their subjects. A number of 
studies have shown that white matter 
changes occur with increased fre- 
quency in “normal” aging (eg, Drayer 
et al’), and data from our group using 
39 normal control subjects confirm this 
finding with subcortical hyperinten- 
sities.’ The fact that there was no age 
correlation may indicate that the age 
range of their subjects was too narrow. 

Fourth, the authors failed to men- 
tion whether the subjects had a history 
of mood disorders. This would have 
been interesting since white matter 
disease has been found in increased 
frequency in patients with late-onset 
depression‘ and late-onset mania.’ 

Finally, the authors mix early- and 
late-onset patients with Alzheimer’s 
disease, although there is evidence 
that these may represent two distinct 
patient groups.‘ 

The use of neuroimaging in the 
workup of the demented patient con- 
tinues to be a necessary and important 
tool. Continued study of the signifi- 
cance of white matter and periventric- 
ular lesions is essential in this process. 

WILLIAM M. McDona.p, MD 
P. MuraAut Doraiswamy, MD 
K. RANGA R. KRISHNAN, MD 
Duke University Medical Center 


Box 3215 
Durham, NC 27710 


1. Leys D, Soetaert G, Petit H. Periventricular 
and white matter magnetic resonance imaging 
hyperintensities do not differ between Alzhe- 
imer’s disease and normal aging. Arch Neurol. 
1990;47:524-527. 

2. Drayer BP. Imaging of the aging brain, I: 
normal findings. Radiology. 1988;166:785-796. 

3. Doraiswamy PM, Figiel GS, Husain MM, et 
al. Subcortical changes in normal aging. Biol 
Psychiatry. 1990;27(suppl 9A):124. 

4. Krishnan KRR, Goli V, Ellinwood EH, et al. 
Leukoencephalopathy in patients diagnosed as 
major depressive. Biol Psychiatry. 1988;23:519. 

5. McDonald WM, Krishnan KR, Doraiswamy 
PM, Blazer DG. The occurrence of subcortical hy- 
perintensities in elderly subjects with mania. Biol 
Psychiatry. 1990;27(suppl)9A-162A. 


6. Heston LL, Mastri AR, Anderson VE, et al. 
Dementia of the Alzheimer type: clinical genetics, 
natural history, and associated conditions. Arch 
Gen Psychiatry, 1981;38:1085-1090. 


To the Editor.—In an imaging study of 
Alzheimer’s disease and normal aging, 
Leys et al,’ using our rating scale,’ 
found no difference in magnetic reso- 
nance imaging white matter hyperin- 
tensities between the two groups, and 
only a trend toward increased periven- 
tricular hyperintensity in patients 
with Alzheimer’s disease. This is in 
contrast to our initial observation of a 
hyperintense “halo” in six of 12 cases 
of Alzheimer’s disease.? We would like 
to emphasize, however, that a part of 
us (F.F., R.S., H.O.) could not replicate 
this finding in a subsequent study per- 
formed under similar conditions. 
There still remains a trend toward 
more signal abnormalities in Alzhei- 
mer’s disease, however. The Table 
summarizes the current data from 
subjects without cerebrovascular risk 
factors in this ongoing project.’ 

A disproportionately higher number 
of patients with more marked ventric- 


ular enlargement in our first study ap- - 


pears to be the likeliest explanation for 
these discordant findings, since we ob- 
served a close correlation between ven- 
tricular size and the periventricular 
hyperintensity area by planimetric 
analysis (unpublished results). Simi- 
lar findings to that of Leys et al were 
also reported by another group pursu- 
ing a similar study design.’ 

We are in agreement with Leys et al 
in terms of imaging findings, but would 
like to challenge their comments on 
the usefulness of our scoring scheme: 

1. It appears inappropriate to in- 
clude scans that are technically inade- 
quate for data analysis in a calculation 
of interobserver agreement. Move- 
ment artifacts will strongly obscure 
border zones such as the periventricu- 
lar area, and interpretation of small 
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Prevalence of Magnetic Resonance 
imaging Hyperintensities in Study 
Population Without Cerebrovascular 
Risk Factors 


Alzheimer's Control 
Disease Subjects 





Number 
Mean age, y 
White matter hyperintensities 
None 
Punctate 
Early confluent 
Periventricular hyperintensity 
None 
Caps and/or “lining” 
“Halo” 


punctate foci of increased signal will 
become quite arbitrary. 

2. An uneven level of magnetic res- 
onance imaging interpretation skills 
among observers with a different back- 
ground may negatively affect interob- 
server agreement as well. Kozachuk et 
al’ achieved a considerably better in- 
terrater reliability with our scoring 
scheme, reporting a x coefficient of 0.80 
for periventricular hyperintensity and 
of 0.64 for white matter hyperintensi- 
ties when scans were interpreted by 
neurologists only. 

3. A simple scoring scheme such as 
ours will be more likely to yield good 
interobserver agreement than a com- 
plex one. In addition, although Leys et 
alimply that the more elaborate leuko- 
araiosis-computed tomographic rat- 
ing system’ might be more sensitive to 
intergroup differences, they present no 
data to support this. 

In conclusion, we think that Leys 
and coworkers’ observation of a minor 
role of white matter hyperintensities 
and periventricular hyperintensities 
in patients with Alzheimer’s disease 
without cerebrovascular risk factors 
represents a true finding but does not 
reflect inadequacy of the scoring 


scheme. 
Franz Fazekas, MD 
REINHOLD SCHMIDT, MD 
HANS OFFENBACHER, MD 
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8036 Graz, Austria 
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In Reply.—The significance of white 
matter and periventricular hyperin- 
tensities and the question whether 
they differ between patients with 
Alzheimer’s disease and age-matched 
controls remains to be discussed. We 
found no difference between patients 
with Alzheimer’s disease and normal 
subjects.. Fazekas and McDonald 
point out possible methodological bias 
we would like to discuss in the follow- 
ing nine points: 

(1) We agree with them that includ- 
ing magnetic resonance imaging scans 
of lower quality for calculation of in- 
terobserver agreement might have 
lowered « values in the evaluation of 
Fazekas’ scoring system.? We have 
again calculated x among the 27 high- 
quality magnetic resonance images 
and we found very small improve- 
ments (periventricular hyperintensi- 
ty, 0.44 instead of 0.43; white matter 
hyperintensity, 0.58 instead of 0.50). 
Kozachuck et al’ found higher values of 
x than we did but most of their subjects 
had very low periventricular and white 
matter hyperintensity scores; we think 
that the interobserver reliability is 
more likely to be lower among subjects 
with such low scores. We have just 
finished (publication in process) a new 
study in 29 patients with Alzheimer’s 
disease and 34 control subjects with 
high-quality magnetic resonance im- 
aging to evaluate the intraobserver 
and interobserver reliability of a more 
elaborate rating scale. All magnetic 
resonance imaging scans were scored 
independantly by four of us (D.L., 
J.P.P., P.S., F.B.) using both rating 
scales; we compared them using Bland 
and Altman’s method.‘ This study con- 
firmed the poor intraobserver and in- 
terobserver reliability of Fazekas’ 
scoring system and a moderate supe- 
riority of our new rating scale in spite 
of its complexity. (2) An uneven level 
of magnetic resonance imaging inter- 
pretation skills among observers with 
different backgrounds may effectively 
have affected intraobserver and inter- 
observer agreements in our study. In 
our new study the magnetic resonance 
imaging evaluations were performed 









by two neuroradiologists and two neu 
rologists; the intraobserver agree 
ments were better with radiologist: 
(J.P.P., F.B.) but they did not signifi- | 
cantly differ from those of neurologists 
(D.L., P.S.). (3) Fazekas’ opinion that: 
their simple scoring system will be- 
more likely to yield good intraobserver 
and interobserver agreements than a 
complex one is not confirmed in our 
new study. Moreover, in a study of 
computed tomographic white matter 
changes in Alzheimer’s disease, we’ 
found a high level of intraobserver 
(x = 0.95) and interobserver (x = 0.88) 
agreements using the very elaborate 
scoring system of Rezek et al.‘ (4) We 
totally agree with Fazekas’ opinion 
that observations of a minor role of 
white matter and periventricular hy- 
perintensities in patients with Alz- 
heimer’s disease without cerebrovas- 
cular risk factors represent a true 
finding and do not reflect inadequacy of 
the scoring scheme. When our study 
was published, we were unable to af- 
firm this, but now we have further in- 
formation in accordance with Fazekas’ 
opinion: in order to know the role of the 
scoring scheme, two of us who were not 
coauthors of the article (P.S., F.B.) re- 
investigated, in another European 
University Hospital, our magnetic res- 
onance imaging using their own scor- 
ing method’ and they confirmed the 
lack of difference between patients 
with Alzheimer’s disease and control 
subjects. (5) The reason why one third 
of subjects had technical difficulties in 
imaging is related to their neuropsy- 
chological impairments, since this was 
observed only in the group with Alz- 
heimer’s disease. This undoubtedly 
has led to a skewing of the population 
toward less affected subjects as sug- 
gested by McDonald; the mean Mini- 
Mental State Examination scores in 
this study were significantly higher 
than in other studies performed by our 
study group.(6) We agree with McDon- 
ald’s opinion that possible problems 
secondary to small magnet size and 
large interslice gap might have oc- 
curred. However, the technique was 
the same between the two groups, and 
if we could have missed some hyperin- 
tensities, it would be balanced between 
groups. Of course, new generations of 
machines will avoid such problems in 
the future. (7) None of the 27 subjects 
included in the study had a history of 
mood disorders, according to a com- 
prehensive discussion with a close rela- 
tive. (8) We also agree with McDon- 
ald’s opinion that we probably found 
no correlation between white matter 
and periventricular hyperintensity 
scores and Mini-Mental State Exami- 
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nation scores in patients or age in nor- 
mal subjects since we have patients 
with high mean Mini-Mental State 
Examination scores. In our further 
study with 63 subjects, with larger 
ranges of Mini-Mental State Exami- 
nation scores and ages, we found: (1) in 
control subjects a correlation between 
periventricular and white matter hy- 
-perintensity scores and age, and (2) in 
patients no correlation between peri- 
© ventricular and white matter hyperin- 
tensity and Mini-Mental State Exam- 
ination scores, as reported by Koza- 
chuck et al.* (9) MeDonald’s question 
whether early- and late-onset Alz- 
heimer’s disease might represent two 
different groups according to magnetic 
resonance imaging white matter 
changes cannot be answered from our 
recently published study,' since it in- 
cluded 14 patients with presenile 
Alzheimer’s disease and only three 
patients with senile Alzheimer’s dis- 
ease. This question was recently inves- 
tigated in our new study in 34 control 
subjects and 29 patients, all free of any 
possible vascular risk factor. We con- 
firmed all our previous data, but only 
in presenile Alzheimer’s disease (onset 
before age 65): we found no difference 
between patients with Alzheimer’s 
disease and control subjects for both 
white matter and periventricular hy- 
perintensities (16 patients with Alz- 
heimer’s disease and 15 control sub- 
jects; beta risks of type II errors, 0.15 
and 0.03). However, in senile subjects 
(18 patients with Alzheimer’s disease 
and 19 control subjects) white matter 
hyperintensities were significantly 
higher in Alzheimer’s disease (P < .01; 
Mann-Whitney U test). Like us, Koza- 
chuck et al‘ found no difference be- 
tween patients and control subjects, 
and they probably have a predomi- 
nance of presenile cases too, according 
to the mean ages of their patients. 
These new data point out the necessity 
to look at the mean age of the study 
population, and that matching pa- 
tients and control subjects might not 
be sufficient. The age of the study pop- 
ulation and whether they have senile 
or presenile dementia might have 
more importance than the scoring 
scheme to explain differences between 
the results of different studies.’ 
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We are grateful to Fazekas and Me- 
Donald and their coworkers to give us 
the opportunity to discuss this point. 

DIDIER Leys, MD 
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Third-Nerve Palsies and 
Angiography 


To the Editor.—Aneurysmal compres- 
sion of the third nerve produces an oc- 
ulomotor nerve palsy with prominent 
pupillary involvement. Cerebral an- 
giography is indicated in the workup of 
such third-nerve palsies if another 
cause is not promptly forthcoming. 
Pupil-sparing third-nerve palsies are 
often caused by local ischemia, and the 
risks of angiography are likely in- 
creased in such individuals. Unfortu- 
nately, occasional third-nerve pareses 
with limited pupillary participation do 
result from early aneurysmal com- 
pression,’ presenting the clinician 


with a management dilemma. 

A noninvasive test that could elimi- 
nate aneurysmal compression as the 
cause of a third-nerve palsy would be 
most valuable. Currently, lack of spa- 
tial resolution compared with conven- 
tional angiography and slow flow 
within the aneurysm preclude mag- 
netic resonance angiography from re- 
placing conventional angiography in 
the diagnosis of small cerebral aneu- 
rysms.’ However, aneurysms that pro- 
duce oculomotor nerve palsies should 
be relatively easy to detect: their sites 
of involvement are known and they are 
usually larger than 4 mm.’ 

Our recent experience with two pa- 
tients who had acute third-nerve pal- 
sies involving the pupils is not encour- 
aging. Spin echo magnetic resonance 
imaging and magnetic resonance an- 
giography were performed using flow- 
related enhancement. The magnetic 
resonance angiography was acquired 
with the following techniques: TR = 
52 milliseconds/TE = 11 milliseconds 
and a flip angle of 90° on a Philips 1.5 
tesla magnet. Slice thickness was 3 
mm, with a 1-mm overlap. The images 
were reformatted to three-dimen- 
sional images. Pre-excitation was used 
to suppress signal produced by flow in 
the opposite direction. We were unable 
to detect the anticipated posterior 
communicating artery aneurysms, 
which proved to be 5 and 6 mm in di- 
ameter at conventional angiography. 

Magnetic resonance imaging of pa- 
tients with third-nerve palsies will de- 
tect many of the causative aneurysms, 
but, at present, normal magnetic reso- 
nance imaging studies cannot rule out 
aneurysmal compression of the third 
nerve. 
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Freeze the Ocean 


The Journal of the American Medical 
‘Association and its family of spe- 


:cialty journals are addressing the is- 


sue of access to medical care. Matthew 
Menken presents a thoughtful look at 
this problem in a special article in this 
issue.! One of the major priorities in 
most industrialized nations is the pro- 
vision of universal access to high-qual- 
ity medical care at low cost. There have 
been varying degrees of success and 
many failures, and an ideal program 


_ has not been found. Certainly, the sys- 


tem in the United States has failed as 


there are millions of citizens who are 


underinsured or poorly insured. Basic 
desiderata just mentioned fall apart 
when other elements are deemed im- 
portant, as instant and convenient ac- 
cess to care, free choice, unrationed 
care, finest technology, and adequate 
reimbursement for the providers (hos- 
pitals, physicians, nurses). There is 
then a trade-off, and, unfortunately in 
this country, it is universal access, 
Also, as Menken points out, the care 
even when available may not serve the 
patient’s needs. 


See also p 472. 





The medical care in the United 
States when at its best is likely unpar- 
alleled anywhere in the world. Cer- 
tainly, it is the most expensive by far. 
But consistently, in surveys done in 
industrialized countries of the world, 
we are the least satisfied with our 
health care system.’ The dissatisfac- 
tion does not arise from the quality of 
care but from the fear that we may not 
have the insurance or sufficient insur- 
ance when it is required. A fear that is 
not shared with citizens of other coun- 


¿tries surveyed. 


The Canadian system of health care 
has the highest satisfaction rating by 


“its own. citizens. It is also the system 


most admired by United States citi- 
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zens. Even in Britain, which has the 
lowest cost per capita for health care, 
the satisfaction rate is higher than in 
this country. 

At this time when we are critically 
evaluating our own system with the 
possibility of more government in- 
volvement, both the Canadian and 
British systems are showing major 
stresses. 

The Canadian government through 
the provinces is the single payer. The 
Canadian system saves a significant 
portion on administrative costs and 
global hospital budgeting.’ Payment to 
individual physicians is less, but dis- 
parity in income is not great as over- 
heads due to billing costs and malprac- 
tice insurance are considerably less.‘ 
Our idyllic view of the health system 
north of the border is now being ques- 
tioned as more and more stresses ap- 
pear in the Canadian system.’ Long 
waits for services, inconvenient ser- 
vices, inadequate access to technology, 
lack of innovative delivery systems, 
and provider discontent are parts of 
the complaint. The transplantability 
of the system is also questioned, often 
along culture lines. A Canadian health 
official pointed out that Americans 
were paranoid about their government 
in that they did not trust it; on the 
other hand, the Canadians are schizo- 
phrenic in that they had a greater 
trust in government but felt the gov- 
ernment went about it all wrong. How- 
ever, there are many excellent features 
of their system such as global budget- 
ing of hospitals and greater control of 
placement of expensive technology. 

The British National Health Sys- 
tem, again with universal access, has a 
fundamental difference from the Ca- 
nadian system. The National Health 
System became both payer and pro- 
vider by nationalizing the hospitals 
and employing the physicians. The 
system has evolved and has been mod- 
ified since its inception in 1948. During 





the Thatcher years it came under in- 
creasing scrutiny, and in 1989 a gov- 
ernment White Paper recommended 
major reforms. Many of the proposed 
reforms had the government lessening 
its control over hospitals and practi- 
tioners. What will evolve from this is 
yet to be seen, but major concerns 
about restriction in services have al- 
ready arisen. 

No system seems to have the perfect 
solution as Menken, quoting Mencken, 
suggests in his special article.' It is 
likely that we all know what is needed 
and desirable. We can land a man on 
the moon and put a bomb down a 
chimney from 10000 feet, but these 
projects pale when we deal with the 
multifarious and diverse elements of 
the health care system. We are in the 
situation of the admiral who was asked 
what to do about the U-boat threat. He 
replied immediately, “Freeze the 
ocean. Those on the top can’t go down, 
and those on the bottom can’t come 
up.” When asked how this would be 
accomplished, he replied, “I just set 
the policy, you work out the details.” It 
is the details that will be difficult. 

ROBERT J. Joynt, MD, PHD 
Rochester, NY 
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Special Articles 


Caring for the Underserved 


Health Insurance Coverage Is Not Enough 


Matthew Menken, MD 


he President's Commission for the 
Study of Ethical Problems in Medi- 
cine and Biomedical and Behavioral Re- 
search stated in 1983 that “Society has a 
moral obligation to ensure that every- 
one has access to adequate care without 
being subjected to excessive burdens.” 
By this measure, the health system of 
the United States is failing, since mil- 
lions of citizens are unable to obtain nec- 
essary care each year. This is a paradox, 





See also p 471. 





given the large annual medical care ex- 
penditures in the United States. In 
1991, such expenditures will exceed 
$600 billion, or 11.5% of the gross na- 
tional product, an average of $2500 per 
capita. Comparative health care figures 
reveal that the United States spends 
per capita 38% more money than Cana- 
da, 88% more than West Germany, and 
124% more than Japan. Moreover, ex- 
penditures in the United States are ris- 
ing rapidly. Between 1980 and 1987, 
health expenditures in the United 
States increased from $248 billion to 

` $500 billion, an increase of 102% during 
this brief period.’ 

I suggest that the proportion of the 
gross national product now spent on 
health care in the United States is prob- 
ably more than sufficient to provide 
comprehensive care for all people, in- 
cluding the provision of effective and 
high-quality medical care for those peo- 
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ple presently underserved.” No other 
country has such readily available tech- 
nology, an equivalent density of well- 
trained physicians in 24 specialties, or 
the institutional resources needed for 
first-rate medical care. American bio- 
medical and health services research is 
generally acknowledged to be a bigger 
and better enterprise than anywhere 
else. A major deficiency is the system's 
failure to provide care for approximate- 
ly 37 million people, or 15% of the popu- 
lation, who are unable to afford private 
insurance and are also ineligible for pub- 
licly funded programs.’ Contrary to 
popular belief, nearly three fourths of 
these uninsured citizens are working 
Americans and their families, and more 
than two thirds are white. Only 40% of 
all of our citizens below the poverty lev- 
el (including many children) are insured 
through Medicaid, a program ostensibly 
designed for the poor. Given this dis- 
turbing evidence, it is not surprising 
that public opinion polls find many US 
citizens dissatisfied with their health 
care system. There is little doubt that 
health care access and cost are the ma- 
jor issues of concern for most of these 
Americans. 


BARRIERS TO ACCESS 


Since cost is only one of the barriers to 
access for high-quality care, the total 
number of underserved people greatly 
exceeds the number of uninsured and 
underinsured. For example, many 
health indicators demonstrate a dispari- 
ty among people of different racial and 
ethnic groups that cannot be ascribed 
entirely to cost. In 1987, the age-adjust- 
ed death rate for stroke among the black 
population was nearly twice that of 
white people, while the infant mortality 
rate for black infants (17.9 per 1000 live 


births) was more than twice the rate for 
white infants (8.6 per 1000 live births). 
About 79% of white mothers began pre- 
natal care in the first trimester, com- 
pared with 61% of black and American 
Indian mothers.’ 

Such data suggest that, although cost 
is an important barrier to health care for 
many Americans, other access barriers 
may be paramount for some people. For 
example, geographic barriers are im- 
portant for many rural families. In 1985, 
there were 53 physicians per 100000 
people in US counties whose total popu- 
lation was less than 10000, compared 
with a national average of 165 physi- 
cians per 100000 people. Geographic 
and language barriers, and the “culture 
of poverty,” are also important prob- 
lems in access in blighted urban areas 
where the mortality rate for adult black 
men exceeds that of some developing 
countries. Between 1963 and 1980, of- 
fice-based physicians in such urban ar- 


eas declined 45%." With the exception of Ae 


some adult and pediatric training pro- 
grams in hospitals that emphasize cul- 
turally appropriate care, there is a con- 
sensus that inner-city hospital-based 
care is often more impersonal and less 
culturally sensitive than office-based 
care, especially when such care is pro- 
vided by minority physicians.’ 
Furthermore, medical care is only 
one factor in the determination of health 
status, which also depends on many oth- 
er sociocultural parameters. Sanitation, 
the quality of the food supply, the level 
of education in the community, among 
other factors, influence personal health 
status. If medical care were the only 
determinant of health, and cost the only 
access barrier, then one would antici- 
pate that a cost-free health care system, 
as under the National Health Service in 
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the United Kingdom, would demon- 
strate health status equality for all pop- 
ulation groups. Many studies in the 
United Kingdom conducted over two 
decades have demonstrated a robust 
negative association between social 
class (often called socioeconomic status 
in the United States) and all-cause mor- 
tality. The lower the social class, the 
greater the mortality. This remarkably 
consistent finding occurs at all levels of 
society, and it is not limited only to 
those people who are overtly poor and 
deprived. For example, individuals in 
upper managerial roles and their fam- 
ilies have a lower rate of all-cause mor- 
tality than do those in middle-manage- 
ment roles and their families. The same 
negative correlation has been observed 


‘. for many medical and neurological dis- 
orders such as coronary artery disease, 


stroke, and many forms of cancer.” 

Such data suggest that solving the 
problem of caring for the “uninsured 
and underinsured,” although certainly 
of great importance, is not coextensive 
with the larger and more difficult task of 
caring for the underserved, as might be 
implied by the rubric of this theme issue 
of the ARCHIVES under which this arti- 
cle is subsumed. The conventional wis- 
dom notwithstanding, individual physi- 
cians and the American Medical 
Association should make it clear to poli- 
eymakers that insurance reform and fi- 
nancial measures alone, now as in the 
past, will likely fail to solve the twin 
societal goals of caring for the under- 
served and further improving care qual- 
ity. In 1929, when national expendi- 
tures of $3.6 billion, or $30 per capita, 
were already a source of great public 
concern, the prestigious Committee on 
the Costs of Medical Care discovered 
“much waste” in such features of the 
health system as payments for ineffec- 
tive medications, uncoordinated private 
practices, and inefficiently used hospi- 
tals. This Committee called for changes 
in the organization and patterns of de- 
livery of medical care as the appropriate 
way to control costs, “. . . in view of the 
widespread lack of needed medical 
care... .”” 

It remains unchanged after more 
than half a century that many factors 
that contribute to differences in health 
status as a reflection of the social strati- 
fication of society and the material as- 
pects of living, such as housing, educa- 
tion levels, and working conditions, are 
not readily influenced by medical inter- 
ventions, however accessible. The same 


x public resistance to provide necessary 


resources for neuroscience research and 
the medically underserved applies also 
in the case of the nutritionally under- 
served, the housing underserved, and 
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the educationally underserved. There 
are an estimated 2 million homeless peo- 
ple in the United States, and 20 million 
illiterate adults. For these people, a 
more humanitarian system of financing 
medical care would obviously be benefi- 
cial, but much more needs to be done. 
Clearly, the mitigation of poverty (es- 
pecially child poverty), homelessness, 
and social deprivation can contribute 
greatly to improved national health in- 
dicators and the relief of human suffer- 
ing. Given the focus of national atten- 
tion on the cost of care, it should be 
underscored repeatedly that caring for 
the underserved and caring for the unin- 
sured and underinsured are qualitative- 
ly different conceptualizations for pub- 
lie policy. 


CARING FOR THE UNINSURED AND 
UNDERINSURED 


Given the multifaceted and labyrin- 
thine problems of the underserved, it is 
not surprising that proposals to miti- 
gate the lack of health insurance 
abound, whereas the broader care crisis 
among the underserved has received 
much less attention." It seems likely 
that even these more limited proposals 
will face rough sailing in the political 
arena. On July 1, 1988, President Rea- 
gan signed the Medicare Catastrophic 
Coverage Act of 1988, the largest ex- 
pansion of federal involvement in health 
care since 1965, when the Social Securi- 
ty Amendments of 1965 (Medicare and 
Medicaid) were first implemented. Un- 
like prior policy that paid for coverage 
out of general tax revenues, the 1988 
law required that the wealthier benefi- 
ciaries pay an income tax surcharge, 
and that all beneficiaries pay an addi- 
tional $4 in the basic Medicare part B 
monthly premium. Although mandated 
benefits under this law were quite gen- 
erous, the constituency of the American 
Association of Retired Persons opposed 
this measure vigorously. Fearing politi- 
cal fallout, Congress hurriedly repealed 
the law altogether, leaving those senior 
citizens without supplementary private 
insurance more vulnerable than ever to 
increasing medical bills.” 

The many proposals for improving in- 
surance coverage reflect a consensus 
that something needs to be done, but a 
controversy about what to do." A pro- 
posal by Physicians for a National 
Health Program calls for a national 
health insurance program modeled on 
the system in Canada, witha single pub- 
lic insurance payor for all health care, 
and a predetermined annual cap on pay- 
ment to hospitals.” Another proposal, 
the Consumer Choice Health Plan, 
would convert all insurance plans to pre- 
paid coverage, and would require em- 








ployers to purchase insurance for € 
ployees health care from competing | 
managed care plans.“ The National 
Leadership Commission on Health Care. 
proposal would provide health care for: 
the uninsured through a state-based 

program funded by government, em~: 
ployers, and beneficiaries (on the basis 

of income), and would inelude an ex- 

panded technology assessment and out- 

come evaluation effort.” The American 

Medical Association has presented a 16- 

point proposal, Health Access America, 

that includes reform of Medicaid, Medi- 

care, and professional liability, also re- 

quires employer provision of health in- 

surance, and would create state-run 
risk pools for the uninsured.” 


CARING FOR THE UNDERSERVED 


H. L. Mencken is reputed to have said 
that for every complex human problem 
there is a solution that is simple, ele- 
gant, and wrong. What is generically 
problematic with many proposals for 
health system reform is a viewpoint 
sharply focused on health insurance and 
cost. This focus on selected aspects or 
abstractions of an actual situation or 
problem, while ignoring other factors of 
relevance, is an example of a common 
source of logical error in many scientific 
fields, which has been called the Fallacy 
of Misplaced Conereteness.” I would 
suggest that the American Medical As- 
sociation’s framework for change is ex- 
ceptional and noteworthy, in part be- 
cause it lends itself more readily than 
most other proposals to such structural 
and procedural changes in the delivery 
of medical services as may be needed to 
provide better care for the under- 
served. Caring for the uninsured and 
underinsured is an important first step, 
but equity and social justice in health 
care also require caring for all of the 
underserved. As an additional step to- 
ward resolution of this problem, I would 
propose the following measures as ones 
that merit thoughtful and open-minded 
discussion. 

First, efforts to improve the scientific 
underpinning of medical care must be 
expanded, as a logical step toward pre- 
vention of disorders that rely for treat- 
ment on expensive “halfway” interven- 
tions. For example, it has been 
estimated that mortality from meta- 
static female breast cancer can be re- 
duced 30% by regular breast examina- 
tion and mammography performed at 
recommended intervals.” Moreover, 
about 30% of total Medicare hospital ex- 
penditures are on behalf of patients in 
the last year of life, mostly the last 6 
months, many of whom suffer from Alz- 
heimer’s disease and other dementias. 
Given the large cost of services for pa- 
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tients with dementia, and a prevalence 
of Alzheimer’s disease of nearly half of 
all people older than 85 years of age (the 
most rapidly growing segment of the 
US population), it is astonishing that 
research funding for this disorder 
amounts to only 0.15% of the costs of 
care.” 

Although Health Access America, 
the AMA's health care proposal, cor- 
rectly calls for the expansion of biomedi- 
cal research, a broader paradigm of re- 
search is necessary to provide 
comprehensive care for the under- 
served. As I have suggested previous- 
ly, amplification of the investigative ef- 
fort should logically include much more 
research in the social and behavioral sci- 
ences relevant to human health and dis- 
ease,” as well as an expanded health 
services research agenda to foster in- 
tersectoral cooperation with workers in 
such fields as nutrition, education, and 
housing.” Such health services research 
activity in the recent past has included 
an expanded effort to measure the ap- 
propriateness and effectiveness of med- 
ical care, an examination of health sys- 
tem administrative costs and the effects 
of reimbursement reform, as well as 
“the technology of patient experience” 
(outcomes research), as in the recent 
initiatives of the American College of 
Physicians and the Public Health Ser- 
vice’s Agency for Health Care Policy 
and Research. ”” 

Second, the absolute number and rel- 
ative proportion of primary care physi- 
cians must be expanded. The President 
of the Association of American Medical 
Colleges has noted that “. . . our aca- 
demic medical centers will lose vital na- 
tional and public support if they do not 
respond to society's desire for more pri- 
mary care physicians.”™ Of all physi- 
cians in the United Kingdom, Canada, 
and the United States, 70%, 50%, and 
30%, respectively, are generalists. In 
my view, solving the crisis in primary 
care is an essential component of any 
solution to the problem of caring for the 
underserved in the United States. Put 
another way, most of the care require- 
ments of the underserved fall within the 
domain of primary care medicine. 
Hence, providing adequate insurance 
for all people cannot be expected to cor- 
rect the mismatch between actual 
health needs and the specialty distribu- 
tion of physicians. This keystone issue is 
one that often goes unnoticed or unsup- 
ported by many neurologists and other 
specialists. It is a question of our orien- 
tation and commitment to provide high- 
quality medical care for individual pa- 
tients, without a concomitant aware- 
ness of those people who are not 
receiving care, as well as the differential 
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burden ofillness in the entire population 
to be served. This is an example of what 
has been called the Inverse Care Law, 
which holds that market forces cause 
medical care to vary inversely with the 
need for it in the population to be 
served.” 

What is needed to address this issue, 
first of all, is a major initiative to recruit 
minority health professionals and 
strengthen minority medical institu- 
tions. Among 15 433 senior medical stu- 
dents in 1989 through 1990, only 826, or 
5.3%, were black. (As of September 1, 
1989, there were only 29 black neurol- 
ogy residents on duty, including one 
child-neurology resident.) Moreover, 
special measures are needed to recruit 
talented students from rural and other 
underserved areas, since these individ- 
uals are more likely to establish primary 
care practices where they are most 
needed.” Perhaps it is time to reform 
the criteria by which candidates are se- 
lected for enrollment in medical school. 
Each medical school might set its own 
arbitrary threshold level of academic 
grades and examination scores that all 
candidates must surpass, but once that 
is done, grades and scores no longer 
matter in the selection process for those 
individuals who exceed the cutoff lev- 
el.” Finally, is there any doubt that the 
framework for physician payment and 
professional liability needs to be modi- 
fied so that doctors can care for the un- 
derserved without great risk to their 
personal and family’s financial security? 

Third, medical schools need to devel- 
op appropriate community-oriented 
learning experiences for all medical stu- 
dents. In terms of faculty prestige and 
status, students learn that the “ins” are 
in (hospital based), and the “outs” are 
out (ambulatorium). Some schools have 
experimented with educational pro- 
grams in health maintenance organiza- 
tions, community health centers, and 
other facilities. It is also a question of 
decentralizing a health system that 
preferentially directs resources to sur- 
gical and procedural interventions car- 
ried out in hospitals, leaving communi- 
ty-based and preventive services 
seriously underfunded. Given the wide- 
spread dissatisfaction of many people 
with the health system, and the declin- 
ing number of applicants to American 
medical schools, health science centers 
need to identify the task of medicine, in 
its broadest sense, for all students and 
residents, as well as the role of the doc- 
tor in an industrialized society. We 
seem to have forgotten that scientific 
expertise and technical competence are 
not the foundations of patient satisfac- 
tion in many situations. When learning 
is exclusively carried out in teaching 


hospitals, students sometimes get the 
erroneous impression that caring is 
what is left for doctors to do when cura- 
tive medicine has failed. 

In terms of caring for the under- 
served, learning experiences in the 
community will heighten student and 
resident awareness of local priority 
health problems based on sound epide- 
miological principles, as in the educa- 
tional model developed by an interna- 
tional task force commissioned by the 
Network of Community-Oriented Edu- 
cational Institutions for Health Sci- 
ences.” Such “real life” experiences, in 
which students live and learn in selected 
community settings, are likely to foster 
the linkage between knowledge and 
skills, on the one hand, and the concept 
of social responsibility, on the other, so 
that all students understand why the 
social role of every doctor, regardless of 
the field of specialization, must extend 
beyond the care of individual patients. 


CONCLUSIONS 


In May 1977, the Thirtieth World 
Health Assembly resolved that “the 
main social target of governments and 
the World Health Organization in the 
coming decades should be the attain- 
ment by all citizens of the world by the 
year 2000 of a level of health that will 
permit them to lead a socially and eco- 
nomically productive life.” To achieve 
this goal in the United States, expand- 
ing insurance coverage for the unin- 
sured and underinsured is an important 
step. However, the many barriers to 
care other than cost, and the limited role 
of medical care as a determinant of the 
overall health status of the population, 
call for a more comprehensive frame- 
work for reform that views health care 
for all of the underserved in its social 
context. 

I suggest that the proposal of the 


American Medical Association, Health ` 


Access America, might be modified and 
enlarged to address these concerns. The 
expansion of the biomedical research 
agenda should be matched by a much 
larger research effort in the social and 
behavioral sciences relevant to human 
health and disease, as well as the health 
services research agenda. The mis- 
match between the specialty distribu- 
tion of physicians and the health needs 
of the entire population to be served 
calls for an increase in the number and 
proportion of primary care physicians, 
and the recruitment of a larger number 
of minority medical students. Finally, 
all medical students should have active 
learning experiences in a community- 
oriented framework of service provision 
to ensure that future generations of 
physicians understand the role of medi- 
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a 





cal care for population groups as well as 
individual patients. Together, such 
changes signify the addition of rele- 
vance to the equation of access, cost, 
and quality in caring for the under- 
served. 
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Access to Health Care 


One Neurologist’s Perspective 


Michael P. Earnest, MD 


e Millions of residents of the United States 
have difficulty obtaining health care. Barriers 
impeding access to care include poverty, 
physical unavailability of health care ser- 
vices, absence of health insurance, and phy- 
sicians unwilling to care for uninsured pa- 
tients. Many patients do not successfully use 
health services because of educational, cul- 
tural, and language barriers. A major access 
barrier is lack of health insurance. Over 30 
million people in the United States have 
none, the so-called medically indigent. 
Among them are over 3 million people with 
neurologic disorders. They have additional 
barriers to overcome because often they 
cannot work, cannot drive, have difficulty us- 
ing public transportation, and have major 
cognitive and communication impairments. 
Medical and governmental bodies are debat- 
ing solutions to the health care access crisis. 
Physicians should actively participate in this 
national debate. Neurologists should ad- 
dress the special needs of patients with neu- 
rologicai disorders. 

(Arch Neurol. 1991 ;48:476-479) 


A 52-year-old laborer had a long history of 


poorly controlled hypertension. A stroke at 
age 40 years caused a mild left hemiparesis, 
but he was able to continue working parttime 
and he was fully independent in his daily 
living. He had no health insurance and ao 





Accepted for publication March 11, 1991. 

From the Chairman of the Task Force on Access 
to Health Care of the Ameriean Academy of Neu- 
rology, Minneapolis, Minn, and the Departments of 
Neurology, Denver (Colo) General Hospital and 
University of Colorado School of Medicine, Denver. 

The opinions expressed in this article are those of 
the author alone. They do not necessarily reflect 
the opinions, nor are they poliey, of the American 
Academy of Neurology, its Executive Board, or the 
Task Force on Access to Health Care. 

Reprints not available. 


476 Arch Neurol—Vol 48, May 1991 


savings. He had last seen a physician at a 
public clinic but admitted he had not taken 
the antihypertensive medications that had 
been prescribed. He admitted to prior heavy 
alcohol use but denied any alcohol use since 
the stroke. 

Three days before his admission on De- 
cember 5, 1990, while at home, he had sudden 
vertigo, nausea, and vomiting and then fell. 
He could not recall subsequent events but 
was found 48 hours later still on the floor, 
conscious but confused and unable to get up 
because of a severe left hemiparesis. He was 
taken by ambulance to a private hospital, 
where he was treated in the emergency de- 
partment. A computed tomographic scan 
showed an old right-sided cerebral infarct. 
Twelve hours later, he was transferred to 
Denver (Colo) General Hospital and was ad- 
mitted. The patient stated he was transferred 
because “I didn’t have any money.” 

During this hospitalization, he was in the 
intensive care unit 18 days for management 
of severe hypertension, aspiration pneumo- 
nia, respiratory failure, recurrent chest 
pain, and thrombophlebitis. He had a gas- 
trostomy because of dysphagia and aspira- 
tion. After 30 days, he was transferred to the 
rehabilitation unit. The total bill for the 30 
days was $61 185. 

Five weeks later his left arm remained 
totally paralyzed. He could take a few steps 
using a walker and a leg brace and with 
assistance. He was still fed by gastrostomy. 
He remained in the rehabilitation unit. He 
was not expected to return to work and so had 
applied for welfare assistance and Medicaid. 
The rehabilitation staff expected he would 
have to stay at least several weeks in a nurs- 
ing home. He hoped eventually to resume 
independent living and to be able to swallow 


food again. 


any residents of the United States 
have difficulty obtaining needed 
health care (Table 1).’° Growing con- 
cern about barriers between patients 


and health care has prompted numerous 
governmental and medical reports on 
inadequate access to health care, the 
effect of this on health status, and possi- 
ble solutions to the problem.** 


FACTORS AFFECTING ACCESS 
TO HEALTH CARE 


An individual's access to health care 
depends on several interrelated factors 
that fall into the following four principal 
categories: financial, health care sys- 
tem, personal/cultural, and social sys- 
tem.” The financial determinants of ac- 
cess to care are health insurance (eg, 
private or employer-based insurance or 
Medicare/Medicaid coverage) and per- 
sonal cash reserves to pay the expected 
bills, medication prescriptions, and re- 
lated costs, including transportation. 
Access to the health care system is de- 
termined by the physical availability of 
a physician, clinic, or hospital’ and the 
capacity or willingness of those provid- 
ers to see the patient. Personal and cul- 
tural determinants of access are the 
characteristics of the patient that en- 
able successful acquisition of health care 
services. Education, ability to speak 
and read English, attitude toward 
health and health care, and cognitive 
ability are all important. Social system 
access to Medicaid or other public assis- 
tance programs for health care depend 
on availability of state and federal pro- 
grams and accessible entry systems, in- 
cluding local offices. 

A sick person can obtain health care 
services if there is a physician's office or 
other health facility available, the pa- 
tient has sufficient insurance or cash, is 
motivated to seek care, and can commu- 
nieate with the provider about the ill- 
ness. However, multiple barriers pre- 
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Table 1.—Percentage of 10 130 Respondents Reporting Difficulty 
Obtaining Health Care* 








Economic barriers to receiving health services 





vent many US citizens from receiving 
needed care. Poverty, lack of health in- 
surance, absence of physicians and clin- 
ies in rural and inner-city areas, low 
level of education, inability to speak or 
read English, and intimidating health 
system and social services bureaucra- 
cies all create barriers between many 
people and health care.‘ 

People with neurological disorders 
may have even more difficulty obtaining 
health care than do others. The author's 
clinical experience in an urban munici- 
pal hospital indicates that patients with 
dementia, stroke, Parkinson’ disease, 
multiple sclerosis, and epilepsy have 
special problems obtaining health care. 
Those diseases often cause loss of jobs, 
inability to obtain health insurance, 
problems driving a car or using public 
transportation, and impaired mental 
and communication ability, all of which 
interfere with obtaining health care. 
Public assistance programs, such as 
Medicaid, offer only partial relief of the 
financial problems, but the other prob- 
lems remain formidable. 


THE NATIONAL PROBLEM 
OF MEDICAL INDIGENCY 


Because the United States has no uni- 
versal health insurance system, individ- 
uals here must pay for medical care 
through personal health insurance or 


= with out-of-pocket cash. Absence of 


i 


health insurance is a major barrier to 
obtaining health care in our nation.*"°*" 
More than 30 million people under the 
age of 65 years have no health care in- 
surance." Estimates of this “medically 
indigent” population are as high as 37 
million, about 15% of the US popula- 
tion.* This group has substantially in- 
creased during the last two decades. °" 
Over half of these people are employed 
or are dependents of full-time employ- 
ees; many others are the poor who are 
not eligible for Medicaid.*" About 62% 
are non-Hispanic whites, 17% are black, 
and 16% Hispanic (Figure).*” Ten mil- 
lion of the medically indigent are under 
the age of 19 years.” 

Why do so many people have no 
health insurance? Federal and state 
health insurance systems cover many 


Arch Neurol—Vol 48, May 1991 


Tried to get care but could not, for financial reasons 
* Adapted from Robert Wood Johnson Foundation Special Report.’ 


Type of Difficulty % 
People with chronic or serious iliness who had no physician visit in prior 12 months 18.5 
Needed care but had difficulty obtaining it 16.1 
Pregnant women without care in first trimester 







segments of the population. Medicare 
covers those over 65 years old and some 
chronically disabled people. Medicaid 
covers many impoverished pregnant 
women, mothers with dependent chil- 
dren, and most impoverished chronical- 
ly disabled adults. However, state- 
funded Medicaid programs do not cover 
many people below the poverty level.** 
Also, many young people just entering 
the work force have no insurance for 
themselves or for their families." Be- 
cause of high premium costs, many em- 
ployers, especially small and service- 
industry companies, offer no health 
insurance benefits.*"' Self-employed 
workers can purchase insurance, but 
many cannot afford the high price. All of 
these gaps in health insurance coverage 
combine to create the huge medically 
indigent population. 

A consensus is growing among politi- 
cal and medical leaders that the absence 
of health insurance prevents people 
from receiving needed health care, 4” 
Long-term effects of reduced access 
probably are higher morbidity and mor- 
tality for uninsured people.’ The ex- 
cess morbidity and mortality increase 
unemployment and increase expendi- 
tures of public funds for the health-im- 
paired population.” Widespread lack of 
health insurance is a major economic 
issue, not just one of social justice. 


NEUROLOGIC DISORDERS AMONG THE 
MEDICALLY INDIGENT 


The prevalence and incidence of neu- 
rological disorders among the medically 
indigent have not been studied. 
Kurtzke” estimated that neurologic dis- 
orders affect about 9.5% of the entire 
US population, ie, a point prevalence 
rate of 9500 per 100 000. Extrapolating 
that figure to the 34 million medically 
indigent, 3.2 million people have neuro- 
logic disorders. Using his estimates for 
prevalence of specific disorders, 272 000 
people have cerebrovascular disease or 
transient ischemic attacks, 221 000 have 
epilepsy, 100 000 have lumbosacral her- 
niated disk, 85 000 have cerebral palsy, 
85 000 have dementia, and 68 000 have 
Parkinsons disease. Using Kurtzke’s 
annual incidence figure, 850000 medi- 
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(22% of All Blacks) _ Hispanic, 16.1% ` 


(31.5% of All Hispanics) | 


Others, 5.3% 


White, 61.6% 
(12.4% of All Whites) 





Uninsured US population by race (from King’. 


cally indigent people develop a neuro- 
logie disorder within a given year." 
Many of those patients need both acute 
and continuing neurological care.” 

An additional large but unquantified 
number of cases of the acquired immu- 
nodeficiency syndrome (AIDS) exist 
among the medically indigent, and the 
prevalence of cases is still increasing. 
Employed people with AIDS eventually 
lose their jobs and then their health in- 
surance, becoming medically indigent. 
Neurologic complications occur in over 
half of the people with AIDS,” so neuro- 
logic consultations, computed tomo- 
graphic and magnetic resonance scans 
of the brain, and other neurologic tests 
often are needed. 


NONFINANCIAL BARRIERS 
TO HEALTH CARE 


Regardless of employment and insur- 
ance status, many patients in rural ar- 
eas and in large inner-city poverty 
tracts have no access to care because 
physicians, clinics, and hospitals are not 
located there. Those patients must 
travel longer distances and incur higher 
costs in transportation and time to seek 
medical care. The physical and cogni- 
tive disabilities associated with neuro- 
logie diseases create even more prob- 
lems traveling to distant clinics. The 
poor face other important access barri- 
ers." Limited education, especially 
about health, leads to delay in seeking 
acute care, inattention to preventive 
services (eg, detection and treatment of 
hypertension to prevent stroke), and 
noncompliance with medical instruc- 
tions and medication usage. Language 
barriers interfere with access for Span- 
ish-speaking, Asian, and other non- 
English-speaking patients. Cultural 
values that deny illness or values that 
emphasize traditional healing methods 
may interfere with proper use of avail- 
able medical care. The high prevalence 
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Tablé 2.—Features Common to Many 
Proposals for Providing Health 
Insurance to All US Citizens 


Expand Medicaid to include the poor currently 
not covered 


Mandate that employers provide health 
insurance to all employees 

Establish state insurance “pools” to cover 
those ‘‘uninsurable’”’ because of severe 
medical conditions 

Develop insurance to pay for catastrophic 
illness and long-term care 


of aleohol and other substance abuse and 
of severe mental illness in inner-city 
poor populations compounds the educa- 
tional and cultural factors." 

Even middle-class, educated, insured 
patients are facing more barriers to neu- 
rologic care. Managed-care systems, 
trying to limit utilization and hold down 
costs, discourage primary care physi- 
cians from referring patients to special- 
ists (eg, neurologists) and from order- 
ing expensive tests, including computed 
tomographic and magnetice resonance 
scans, Hospital admissions are being 
limited by utilization-review plans and 
lengths of hospital stay controlled by 
diagnosis related group reimburse- 
ment. How much these mechanisms 
deny access to needed health services is 
unclear. Nonetheless, even though the 
purpose may be laudable, they are bar- 
riers between patients and health 
care services, including neurological 
services. 


WHO TREATS THE 
ACCESS-POOR PATIENTS? 


Most patients with limited access to 
medical care are treated in public clinics 
and hospitals and in urban teaching hos- 
pitals, both public and private. The 
“general hospital” and its clinics have 
long been the “safety net” for meeting 
health needs of the urban Medicaid and 
uninsured  population.*” However, 
these facilities are under extreme finan- 
cial and political pressure. ™™” Emergen- 
cy departments, clinics, and wards are 
strained to the point that an acceptable 
quality of care often is compromised.‘ 
Reduced reimbursements from Medic- 
aid, increasing numbers of uninsured 
patients, the epidemics of AIDS, drug 
abuse, and violence in the inner cities, 
and increased hospital operating costs 
have driven many public and private 
teaching hospitals deeply into debt.”” 
Some have even closed."” Those that 
remain open are short-staffed and 
overcrowded. 

Physicians in their private offices and 
hospitals have traditionally cared for 
many Medicaid and medically indigent 
patients. However, inadequate Medic- 
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aid and other governmental reimburse- 
ment, rising overhead costs, fear of mal- 
practice liability and decreased ability 
to shift costs from the “no-pay” to the 
“full-pay” patients have forced private 
physicians and hospitals to reduce char- 
ity care. Now, they give emergency 
care and then arrange further treat- 
ment at a public agency,” the practice 
commonly termed “dumping.” 

With the private sector giving less 
charity care and the public sector unable 
to keep up with the increasing demand, 
indigent patients suffer even more. In 
the author's hospital and clinics, waiting 
times for visits have increased, heavy 
patient copayments have been insti- 
tuted (eg, $250 for elective surgery), 
clinic hours have been reduced, and, 
now, discussion of reducing or even dis- 
continuing major services has begun 
(eg, pediatrics and mental health). 
These steps are intended to increase 
revenues and decrease expenses, but 
they all create further barriers to 
access, 


PROPOSALS TO SOLVE THE 
NATIONAL HEALTH CARE CRISIS 


Numerous reports and plans have 
been published by governmental com- 
missions, private study groups, and 
medical associations proposing steps 
to resolve the health care access 
crisis." Several features are com- 
mon to many proposals (Table 2). First, 
they propose that the Medicaid pro- 
gram should be expanded to cover all 
people below the federal poverty level 
who currently are uninsured. The unin- 
sured poor with incomes above the pov- 
erty level could enroll in Medicaid by 
paying a graduated premium based on 
income. Second, the working uninsured 
would be covered by employer-spon- 
sored health insurance. Small business 
employers would be given tax incen- 
tives, thus reducing their cost for pro- 
viding insurance. Third, state-spon- 
sored insurance pools would cover the 
“uninsurable” population, people with 
chronic costly diseases who cannot ob- 
tain insurance and who also are not eligi- 
ble for Medicaid. Finally, long-term 
care and catastrophic illness coverage 
would be provided. 

Other proposals advocate a federal 
government~sponsored national health 
insurance plan, possibly based on the 
Canadian health insurance system.” 
Several states, among them Massachu- 
setts, Hawaii, and New York, have es- 
tablished statewide universal health in- 
surance plans.” Some proposals 
advocate community action and more 
donated charity care by hospitals and 
physicians.””” 

In spite of the numerous commis- 


sions, studies, and proposals, major ob- 
stacles to any national solution exist. 
The first is the extraordinarily rapid 
growth in costs of health care and the 
corresponding growth of health care in- 
surance premiums. Expenditures for 
health care in the United States grew 
from $75 billion in 1980 to nearly $500 
billion in 1987 (Am Med News. Jan 12, 
1990:25-26).° Health care expenses es- 
calated from 7.4% of the gross national 
product in 1970 to 11% in 1988. Any 
solution to the health insurance crisis 
must include provisions to pay for im- 
plementing the plan and must include 
steps to restrict the rapid growth in 
health care costs. [lustrating the costs 
involved, expansion of the federal Med- 
icaid program to cover the currently un- 
insured poor would cost between $9 and 
$35 billion, the exact amount depending 
on the services covered and the popula- 
tion included.” 

Efforts te curb costs include “ration- 
ing” or “prioritizing” care by setting 
limited benefit packages,” requiring pa- 
tient copayment, imposing managed 
care plans in which primary care provid- 
ers act as “gatekeepers” between pa- 
tients and high-cost care, and second 
opinions for high-cost procedures, Un- 
fortunately, these cost-cutting mea- 
sures are also barriers between a pa- 
tient and health services. 

The problem of cost also leads to con- 
tradictory public opinions about health 
care. Polls indicate that we want every- 
one, even the poor, to have access to 
health care (Am Med News. July 27, 
1990:6)."” We also want access to the 
latest, most expensive tests and treat- 
ments. Yet we do not want increased 
taxes or cuts in nonhealth programs to 
pay health care costs for the medically 
indigent (Am Med News. July 27, 
1990:6).”® 

Even if a comprehensive nationwide 
health insurance plan were enacted, 
other access barriers would remain. 
Limited access would persist because of 
inequitable distribution of health pro- 
viders and because of the educational, 
cultural, and social factors. 


WHAT CAN PHYSICIANS DO? 


Individual physicians cannot solve 
the health care access problems for over 
30 million uninsured or for the compara- 
bly large Medicaid population. Howev- 
er, a physician can treat an individual 
person who needs care. Physicians in 
private practice, especially specialists 
(eg, neurologists) who may only need to 
perform a diagnostic consultation and 
then see the patient again a few times, 
can help by accepting uninsured and 
Medicaid patients. The editor of the 
Journal of the American Medical Asso- 
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ciation eneouraged such professional 
commitment.” Physicians who work in 
municipal hospitals, public clinics, and 
teaching hospitals can help by continu- 
ing to provide as much high-quality, 
readily accessible care as is possible. 
Private and public physicians alike can 
urge administrators and boards of their 
hospitals and clinics to remain fully 
available and responsive to the needs of 
patients who come for care. At the same 
time, all physicians can limit health care 
costs for individual patients, and collec- 
tively for all of society, by charging rea- 
sonable fees, ordering tests prudently, 
and managing cases in a cost-effective 
fashion. 

At the community level, physicians 
and medical societies can donate ser- 
vices. to public clinics and hospitals. 
They can establish voluntary free clinics 
to give care to people with no other 
resources. They can work with commu- 
nity groups concerned about the prob- 
lems of medical indigency, long-term 
care, cost of health care, and related 
issues.” Neurologists can advocate, 
with special authority, provision of ser- 
vices for people with chronic neurologic 
impairments, especially those in the 
medically indigent population. 

On the state and national levels, orga- 
nized physician associations can educate 
legislatures and governmental agencies 
about the health needs of the indigent 
and recommend programs to improve 
access to health care. Specialty societ- 
ies, including neurologic societies, can 
develop plans focused on the needs of 
their specific patients. They can publi- 
cize those programs through the press 
and their own publications. The Ameri- 
can Medical Association, American So- 
ciety of Internal Medicine, American 
Academy of Pediatrics, and American 
College of Physicians, among others, 
have developed specifie propos- 
als. = The American Academy of 
Neurology has created a Task Force on 
Access to Health Care to study access 
and economic issues for patients with 
neurologic disorders.” Professional as- 
sociations can also speak out on behalf of 
adequate funding for the health care 
agencies that provide care to the indi- 
gent and Medicaid populations. 





COMMENT 


Access to health care has become 
more difficult for tens of millions of peo- 
ple in the United States, many of whom 
cannot obtain needed health care. More 
than 3 million among that population 
The long- 
term consequences of inadequate access 
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to care cannot be predicted, but clinical 
common sense and available research 
studies indicate that the consequences 
will be higher morbidity and mortality 
in the medically indigent population. 
Exploding costs and widespread opposi- 
tion to spending more on health care 
both preclude “quick-fix” solutions to 
the problem. Many different proposals 
have been made, and state legislatures 
and Congress are debating the issues. 
Under any future national health 
plan, physicians will provide the health 
care. We should take an active part in 
the national debate on access to that 
care. Neurologists should speak out for 
the needs of patients with neurologic 
disorders, including the special needs of 
those among the medically indigent. 


My thanks to L. P. Rowland, MD, New York, 
and J. A. Cohen, MD, Denver, Colo, for helpful 
comments and to Denise Lovato for preparing the 
manuscript. 
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Access to Neurological Care for Minorities 


Edgar J. Kenton, MD 


è Minority groups comprise a major seg- 
ment of the estimated more than 34 million 
Americans without insurance coverage and 
also the underinsured. Neurologic disease 
and neurologic complications of the major 
causes of morbidity and mortality affect mi- 
norities protracted by limited access to 
health care. Hypertension, a major cause of 
stroke in the black population, is just one 
example of the impact of accessibility to in- 
tervention in central nervous system dis- 
ease. Health statistics note the persisting 
gap between minority groups and the na- 
tion’s norms for life expectancy. Aging 
America and particularly black elderly wom- 
< en, combined with the lagging infant mortal- 
ity among minority groups, demonstrate lim- 
ited access issues beyond economics, 
reflecting inner city mores, cultural barriers, 
and communication delay limiting contact 
with the practicing neurologist. Awareness 
of such access limitations to neurological 
care for minorities demands the attention of 
the practicing neurologist and the neurologi- 
cal societies. 

(Arch Neurol. 1991 ;48:480-483) 


MY reports in recent medical and 

lay literature cite increasingly lim- 
ited access to our health care system by 
minority populations. The American 
College of Physicians, the nation’s larg- 
est medical specialty society, published 
a position paper in 1990 calling for a 
nationwide program to improve access 
to health care for all Americans.’ They 
cited the growing number of Americans 
without access to health care. It is well 
documented that access to health care is 
dependent on one’s socioeconomic level 
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and also minorities comprise the major- 
ity of the lower socioeconomic scale.”* It 
follows that limited access to health care 
affects many minority groups seeking 
care. Minorities comprise a large com- 
ponent of the estimated 34 to 37 million 
Americans under age 65 who have no 
health care insurance.’ Furthermore, 
life expectancy among many minority 
groups has declined in recent years. 
Mortality rates among the poor and dis- 
advantaged are higher for most causes 
of death as are prevalence rates of major 
disabilities including heart disease, can- 
cer, and stroke.” 

Practicing neurologists can attest 
that complications of heart disease, can- 
cer, and stroke damage the central ner- 
vous system. Early intervention can 
prevent or reduce the severity of those 
disorders; limited access to medical at- 
tention probably accentuates severity. 
To disadvantaged minorities, neurolog- 
ic symptoms and signs as well as the 
discipline itself are enigmas. They may 
refuse a lumbar puncture for fear of pa- 
ralysis or fear of spreading the malady, 
or equate multiple sclerosis with muscu- 
lar dystrophy or defer a computed tomo- 
graphic scan or magnetic resonance im- 
aging of the brain for fear of brain 
injury. Others fail to initiate or maintain 
medication due to cost. 

The incidence of stroke has declined 
60% over the past three decades, yet 
such cannot be stated at a similar rate in 
minorities.” There has been little impact 
on mortality during the initial 3 days 
following stroke onset and only a slight 
improvement in the 30-day mortality 
rate.” Studies have been reported by the 
National Cancer Institute, the National 
Minority Health Association Inc, the 
National Medical Association, and the 
Urban League, citing the relation of 
limited access for health care among mi- 
norities."“” Hypertension, heart dis- 


ease, and atherosclerosis are the major 
factors influencing stroke and are clear- 
ly related to access issues. Illustrating 
the gravity of the current situation, 
Charles Francis, MD, Director of Medi- 
cine, Harlem Hospital, New York, NY, 
reported on the crises of compliance 
with antihypertensive medication in-the 
inner city” and indicated that hyperten- 
sion control rates among Harlem pa- 
tients have fallen from more than 80% to 
only 50% over the past several years. 
Statistics, however, suggest neuro- 
logic complications of the leading mor- 
tality causes affecting minorities may, 
indeed, be remedial as attempts are be- 
ing made by many medical organiza- 
tions to improve access to health care. 
The National Center for Health Statis- 
tics revealed the average life expectan- 
cy in 1988 that for blacks was 69.2 years 
and for whites, 75.6 years.“ From 1984 
through 1988, the gap between life ex- 
pectancies for whites and blacks in- 
creased from 5.6 years to 6.4 years. 
However, the year 1989 showed a dis- 
tinct improvement in life expectancy for 
the population as a whole over 1988 and 
in blacks’ life expectancy, despite a 32% 
inerease in deaths from human immuno- 
deficiency virus infection and an in- 
crease in homicides in the United 
States. Death rates for cerebrovascular 
diseases, heart disease, and atheroscle- 
rosis were less in 1989 than in 1988; 
heart disease, stroke, and cancer all 
showed a decline in mortality compared 
with those in the previous year. Statis- 
tics suggest neurologic complications of 
such major mortality and morbidity is- 
sues, contributors to significant compo- 
nents of the nation’s health care costs, 


demand our attention in removing ex- ¢ 
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isting barriers of access to neurological 
care for minorities. 

While the uninsured and the underin- 
sured face socioeconomic barriers inhib- 
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iting access to neurological care, there 
are other minority-based issues that re- 
strict access. As discussed by the sever- 
al articles in the recent JAMA issue on 
Hispanic health in the United States, 
there is high minority density in the 
inner cities where few private doctors 
and clinics are available and primary 
health care is provided by overcrowded 
emergency rooms and public clinics.” 
Those initial lines of medical defense 
usually do not address the many subtle- 
ties of neurologic diagnoses, nor do they 
provide continuity of care often re- 
quired in neurologic management, for 
example, continuing treatment of epi- 
lepsy. Generations of minorities dis- 
trust such facilities, often remembering 
the bad experiences of their ancestors; 
and tradition dies hard. 

In addition, many minority senior cit- 
izens supported by Medicare and ade- 
quate supplementary insurance could 
afford a private doctor. But often they 
are admitted from emergency rooms to 
the teaching services as unassigned pa- 
tients to be followed thereafter by resi- 
dents in the outpatient clinics and not as 
private patients. Thus, they have limit- 
ed access to more experienced physi- 
cians, are exposed to the resident rota- 
tion system, and are relegated to a 
system usually established for the un- 
derinsured. Also, how many minority 
patients have the resources required to 
secure disability benefits for chronic 
neurologic impairment from a complex, 
uncaring, and bureaucratic social ser- 
vices system? They often need legal as- 
sistance. Many minority stroke patients 
with diagnosis related group-limited 
hospital stay would rather return to the 
supportive familiarity of the home and 
family, but cannot because of working 
spouses or children. Indeed, many mi- 
nority individuals with primary neuro- 
logic illness such as transient ischemic 
attacks, “mini strokes,” multiple sclero- 
sis, disabling peripheral neuropathies, 
and spondylitic spastic paraparesis nev- 
er see a neurologist, preferring the con- 
tinuity of the family physician over the 
impersonal public clinic or hospital. 

To limit access discussions to eeconom- 
ic issues and insurance coverage, there- 
fore, avoids historically inculeated and 
culturally ingrained ingredients that 
impair utilization of neurologic services. 
Minorities, regardless of economics, be- 
cause of their limited contact with phy- 
sicians of their own background and be- 
cause of the low rate of preventive 
physical examinations, such as recom- 
mended by the US Preventive Services 
Task Force, continue to lag behind the 
nation’s norms in access to all health 
care, including neurologic care.” To the 
extent that acculturation succeeds 
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through education, job opportunities, 
social and community action programs, 
and physician participation will access 
to health care proceed. 

The Medicare/Medicaid programs, 
created in the mid-1960s, produced sig- 
nificant improvement in the health sta- 
tus of minorities. However, those same 
populations continue to lag behind the 
white population not only in infant mor- 
tality but also in life expectaney of its 
senior citizens affected by stroke, Par- 
kinson’s disease, and dementia.*” 
JAMA, in its issue focusing on minority 
health, highlighted a 1986 survey on the 
utilization of health services. That sur- 
vey demonstrated significant lack of ac- 
cess to health care among black com- 
pared with white Americans ex- 
perienced at all socioeconomic levels. 
Also, blacks compared with whites 
were less likely to be satisfied with the 
quality of physician care and hospital 
care, and they were more likely to be- 
lieve length of stay too short.” 

Hypertension, a leading cause of 
stroke in minorities, seriously impacts 
on neurologic care. Numerous stud- 
ies” reveal that approximately 28% of 
adult blacks suffer from hypertension 
compared with about 17% of adult 
whites and that blacks develop hyper- 
tension at a younger age than do whites. 
Advanced hypertension is five times 
more common in blacks. Stroke mortal- 
ity in blacks is 65% higher than that in 
whites. Black persons with hyperten- 
sion probably are more susceptible than 
are hypertensive whites to the neuro- 
logic complications of the disease. Yet, 
according to the JAMA articles, whites 
and blacks respond similarly to antihy- 
pertensive therapy, achieving control 
at about the same numbers.” Yet, mi- 
nority populations do not receive anti- 
hypertensive therapy to the same de- 
gree as the white population because of 
aceess-limiting costs of drugs, continu- 
ity of care, early intervention, and edu- 
cation of drug effects. The implications 
of such limited access to antihyperten- 
sive regimens can be seen in such re- 
ports by Francis” and others” reveal- 
ing deteriorated health care for 
minorities and contributing to end- 
stage disease. 

Other studies have shown that the 
delay from onset of symptoms for stroke 
to arrival at the hospital” was markedly 
prolonged for minorities compared with 
predominantly white populations.” The 
same is true for the latency period from 
arrival at the hospital to neurologic con- 
sultation for minorities, if such consul- 
tation is obtained at all. 

The “graying” of America is one of the 
most significant demographic barriers 
to neurologic care access. Current na- 





tional population projections indicate 
that the number in all age categories of 
60 years will be considerably larger at 
the end of this century and will continue 
to grow for the first three decades of the 
21st century. The black elderly are the 
most economically disadvantaged of any 
of the minority groups. The black elder- 
ly are more likely to be sick and disabled 
with higher rates of hypertension, 
cerebrovascular disease, cardiogenic 
stroke, spondylitic paraparesis, periph- 
eral polyneuropathy, and dementia. El- 
derly black women are revealed by 
studies to be the most apt to be living 
alone, relying on increasingly shrinking 
access to and availability of our nation’s 
home health care providers.” 

Recognizing these factors of minor- 
ity-based health care that contribute to 
neurologic complications, what is the 
role of the neurologist in easing access 
to neurological care? Minorities experi- 
ence complex health disadvantages re- 
lated to poverty, disinformation, and 
racial bias, limiting access to quality 
health care. However, neurologists 
first and foremost must be aware of 
these issues. If we wish to implement 
the plan proposed by the National Advi- 
sory Neurological Disorders and Stroke 
Council of the National Institute of Neu- 
rologic Diseases and Stroke for the “de- 
cade of the brain,” the issues of access to 
health care become fundamental for en- 
abling such efforts.” Louis Sullivan, 
MD, Secretary of Health and Human: 
Services, stated that what we do now in 
areas of prevention will pay off well into 
the 21st century and that our health, its 
maintenance, and prevention of disease 
have become a high priority in the black 
community.” 

Matthew Menken, in his editorial in 
the November issue of the ARCHIVES, 
concerning the practice of neurology, 
commented that “As an educational tool 
the anecdotal method assumes that the 
practicing physician who is roughly 
right is preferable to one who is precise- 
ly wrong.”” The wealth of anecdotal ex- 
perience of practicing neurologists in 
both the public and private sectors who 
deal with minority health care indicates 
that access to neurological care is an 
important health care issue. Minority 
patients with stroke, epilepsy, cerebral 
palsy, dementia, developmental disabil- 
ity, head trauma, and neurological com- 
plications of acquired immunodeficiency 
syndrome need neurological consulta- 
tions and may need computed tomo- 
graphic scans or magnetic resonance 
imaging and then continuing, long-term 
management. The personal experience 
of the author and other neurologists” 
indicates that minorities have difficulty 
obtaining neurologic care. Precise data 
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on the extent of the problem for neuro- 
logical patients are not available. How- 
ever, the national problem for minority 
patients overall is well documented and 
the problem demands corrective action. 
Our specialty organizations must mobi- 
lize the support and the participation of 
neurologists in practice to address the 
chief complaints of the minority commu- 
nity in their quest for access, ie, how to 
obtain quality neurologic care. The 
symptoms and signs of access malady 
must be addressed, ie, problems that 
minority groups have communicating 
with providers of neurologic care, plus 
limited education especially about 
health, impeding disease detection and 
prevention, and culturally based lack of 
motivation to seek help. Many commu- 
nity resources should be utilized to help 
solve the problem including minority 
churches, social organizations, and po- 
litical groups. Practicing neurologists 
and our specialty societies can develop 
studies such as conducted by the Robert 
Wood Johnson Foundation’ and the 
Massachusetts Institute of Technology, 
Cambridge, Mass,” and can stimulate 
activities by private foundations in their 
community. *™ The American Academy 
of Neurology has established a task 
force on access to neurologic care.” We, 
as neurologists, must heed the call of the 
minority community and provide the 
availability of neurologic care. 

Blacks constitute 12% of the popula- 
tion, 4% of doctors under age 40, and 
only 2.5% of neurology residents in the 
1980s.” What can and should the neuro- 
logic societies do about such disturbing 
numbers? Programs should be devel- 
oped in coordination with the task force 
on access to neurological care, educat- 
ing its members in such issues. Pro- 
grams can be provided addressing neu- 
rological problems of minorities for 
presentation to the minority communi- 
ties in detection and early intervention 
strategies. High school student pro- 
grams in minority communities dealing 
with neurological issues can be highly 
effective in recruiting medical school 
applicants. Neurological societies can 
also encourage minority medical stu- 
dent applicants for currently available 
student training grants in neurological 
research. What can individual neurolo- 
gists do in addition to becoming more 
aware of this enormously complex is- 
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sue? In addition to participation in such 
proposed programs and encouraging 
such by the various neurological societ- 
ies, the neurologist must pursue legisla- 
tion at the federal, state, and local levels 
addressing these issues. They must 
educate their colleagues, students, resi- 
dents, and patients in limiting unessen- 
tial studies and hospitalizations, becom- 
ing allies of third-party payers. They 
must establish and participate in medi- 
cal ethics committees for hospital staffs, 
guiding the appropriate health care and 
peer review of death and dying for the 
terminally neurologic patient. 

As neurologists we must study the 
demographies for minority neurology in 
the United States. Such demographics 
have yet to be established. While vari- 
ous studies of specific neurologic disor- 
ders accumulated in the literature 
might note the incidence and prevalence 
of a particular disease in a minority 
group, usually stated as nonwhite, few 
indicate specific minority ratios. The 
changing demographics of the popula- 
tion inte the 1990s and the 21st century 
requires neuro-epidemiologic studies of 
our shifting black, Hispanic, Asian- 
American, and Native American popu- 
lations. One can extrapolate from the 
Kurtzke" data on the neurologic burden 
of illness and injury in the United States 
an estimate of individuals with neuro- 
logic disorders among the approxi- 
mated millions of uninsured and under- 
insured Americans.” However, the 
paucity of minority risk factor data for 
stroke can be seen in the otherwise com- 
prehensive special report of the World 
Health Organization task force on 
stroke and other cerebrovascular disor- 
ders published in 1989.” Two studies 
supported by the National Institute of 
Neurologic Diseases and Stroke are 
presently addressing the disparity of 
stroke incidence and mortality between 
black and white Americans.” Studies 
such as these at Columbia University 
and the University of Maryland are ex- 
amples of the need to pursue minority 
neurologic demographics. A poster pre- 
sentation on race and incidence of hem- 
orrhagic stroke presented at the stroke 
meetings in San Francisco is encourag- 
ing in this regard.” 

Finally, the behavior of many office- 
based neurologists toward Medicaid pa- 
tients, Medicare assignment, and the 
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e We evaluated the images of 60 carotid 
artery bifurcations in 31 patients suspected 
to have carotid artery disease who under- 
went invasive carotid angiography and com- 
bined two-dimensional, phase-sensitive and 
a gradient-echo magnetic resonance angiog- 
raphy. The phase scans consisted of seven 
serial projections that were obtained at 20° 
intervals (11.0 minutes) around the carotid 
biturcation; the gradient-echo (GRASS) 
scans were composed of 11 axial images 
(2.4 minutes) acquired through the bifurca- 
tion. The two magnetic resonance angio- 
graphic techniques yielded complementary 
pieces of information and were used togeth- 
erto compare magnetic resonance angiogra- 
phy with invasive angiography. Comparison 
of magnetic resonance and invasive angio- 
grams of the 60 carotid arteries shows that 
the sensitivity (86%) and specificity (92%) of 
the magnetic resonance angiographic tech- 
niques we used to diagnose clinically signifi- 
cant carotid stenosis approach but do not 
reach those of invasive angiography. 
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G troke is the third leading cause of 
mortality in the United States and 
affects 1.7 million people at any time.’ 
Up to 15% to 20% of strokes may be 
related to potentially remediable ath- 
erosclerotic changes in carotid arter- 
ies." Carotid endarterectomy is general- 
ly recommended for symptomatic 
patients with relevant severe stenosis 
in their extracranial carotid arteries, at 
least pending the completion of a num- 
ber of ongoing trials of this surgical pro- 
cedure.’ Platelet antiaggregants (eg, 
aspirin) are usually employed in pa- 
tients with less severe carotid artery 
disease or in those who are at high surgi- 
cal risk.” 
Patients suspected to have clinically 
significant carotid atherosclerotic 
plaques undergo imaging with a variety 
of techniques. Ultrasound is the most 
commonly used noninvasive method. 
Most laboratories employ Duplex scan- 
ning, which provides B-mode images, 
complemented by Doppler flow signals, 
because the accuracy of B-mode imag- 
ing alone decreases as the severity of 
the stenosis of the carotid artery in- 
creases.™" Color-coded Doppler imag- 
ing allows simultaneous imaging of 
blood flow and soft tissue and may prove 
to be advantageous in the depiction of 
tortuous vessels, postendarterectomy 
states, and preoeclusive stenosis.” 
Magnetic resonance (MR) angiogra- 
phy is another noninvasive technique 
that can produce two-dimensional, as 
well as three-dimensional, images of the 
carotid arteries. A variety of tech- 
niques, which take advantage of either 
the longitudinal or transverse (phase) 
magnetization of protons in the field of 


interest,” can be utilized to produce 
images of blood vessels. The purpose of 
our study was to evaluate the sensitiv- 
ity and specificity of two MR angio- 
graphic techniques compared with inva- 
sive angiography in the identification of 
clinically significant stenosis of the ca- 
rotid artery near the bifurcation. An 
older, well-established, phase-sensitive 
MR angiographic technique was used to 
produce two-dimensional images simi- 
lar to those produced by invasive angi- 
ography, both to identify stenosis and to 
localize the carotid bifurcation so that 
axial gradient-echo images can be ob- 
tained through the carotid bifurcation in 
cross-section. The axial gradient-echo 
images were acquired to estimate the 
percentage of stenosis, as they usually 
disclose more accurate contour informa- 
tion than do the phase images. 


PATIENTS AND METHODS 


Forty-one patients with suspected carotid 
artery disease who had undergone invasive 
carotid angiography (intravenous [IV] digi- 
tal substraction angiography [DSA], intra- 
arterial DSA, or conventional invasive angi- 
ography) within approximately 24 hours 
were entered into this open-ended study. Pa- 
tients were excluded from this study if they 
were claustrophobic, had a cerebral aneu- 
rysm that had been clipped, had a pacemak- 
er, or had recently undergone carotid sur- 
gery. After being fully informed about the 
nature of MR angiography, informed consent 
was obtained from all the patients who par- 
ticipated in the study. 

Of the patients reeruited, two were ex- 
cluded from the study because a sean could 
not be suecessfully completed; another two 
were excluded because some of the images 
were inadvertently omitted; and a final two 
were excluded because of mechanical or soft- 
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Fig 1.—Images of normal carotid arteries. Left, Magnetic resonance phase-projection angiogram through both carotid artery 
bifurcations. The right internal carotid artery (ICA) does not overlap the right external carotid artery (ECA) as it does on the left 
(arrow). The right ICA is medial to the corresponding ECA, while the reverse is true on the left. The tight ECA can be 
differentiated from the ICA because of its branches (arrowhead). Right, Axial gradient-recalled acquisition in the steady state 
image through the carotid bifurcation (acquired through a plane represented by the horizontal line in Fig 1, left). The right ICA 
(arrowhead) is posteromedial to the corresponding ECA because of its unusual medial position, white the contralateral leit ICA 
{arrow) is almost directly posterior to the ECA (usual anatomic situation). Both ICAs are slightly larger than the ECAs. 


Table 1.—-Comparison of Magnetic Resonance (MR) Angiographic and Invasive Angiographic Findings on Degree of Carotid Stenosis 


MR Angiogram Normal Minor 


__Moderate 


invasive Angiogram * 





Severe 


Severe/High-Gradet 7 


High-Grade Occluded | 
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Severe 





Severe / high-gradet 





High-grade 





Occluded 








Total 
” Minor indicates 1% to 15 
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moderate, 16% to 49%: severe, 50% to 79%; high-grade, 80% to 99%; and occluded, 100%. 


tThe combined category means that the ‘gold standard” committee judged the two grades of stenosis to be equally probabie. 


ware difficulties associated with the scanner. 

Both a phase-sensitive, projection angio- 
graphic technique and a gradient-echo teeh- 
nique that produces transaxial images were 
used with a 1.5-T system with linear gradient 
coils." A localizing sean was obtained to 
ensure that the carotid bifureations were in 
the center of the field (2.4 minutes). Seven 
separate projection images were then ob- 
tained at 20° intervals (11.0 minutes; repeti- 
tion time, 33 msee; echo time, 17 msec; 
22 signals averaged; field of view, 16 em; 
256 x 128 matrix). 

The projection image that best showed the 
location of the carotid bifureation was then 
used to obtain a sequence of 11 axial images 
through the carotid bifureation and proximal 
internal carotid arteries (Fig 1). The tech- 
nique of gradient-recalled acquisition in the 
steady state (GRASS) (2.4 minutes; flip an- 
gle, 70°; repetition time 55 milliseconds; echo 





“time, 17 milliseconds: 2 signals averaged: 


field of view, 16 em; section thickness, 5 mm; 
256x 128 matrix) was used to obtain the axial 
images from which the percentage of narrow- 
ing was estimated. 
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Each combined MR angiogram and the 
corresponding invasive angiogram was in- 
terpreted by a panel of physicians, which 
consisted of a vascular surgeon (K.O.), a neu- 
rologist (J.H.}, and three neuroradiologists 
(L.M.K., A.M., J.V.M.). All readings were 
performed by a minimum of two members of 
the panel, at least one of whom was a neuro- 
radiologist. The MR images were always re- 
viewed before the invasive angiograms. No 
history or clinical findings were provided be- 
yond knowledge that the patient was being 
evaluated for suspected disease of the carotid 
arteries. The quality of each image was 
graded to allow separate analysis of those 
scans that were technically inadequate. The 
positions of the internal and external carotid 
arteries were identified, when possible, from 
the projection images. These images were 
also used to identify grossly the areas of ste- 
nosis. Each carotid artery was evaluated for 
stenosis relative to the normal segment of 
the internal carotid artery distal to the steno- 
sis (none; minor, 1% to 15%; moderate, 16% 
to 49%; severe, 50% to 79%; high-grade, 80% 
to 99%; or occlusion) based on the axial 








GRASS images (Fig 1). The axial GRASS 
images were compared with the phase im- 
ages, because the former occasionally under- 
estimate the degree of stenosis. A confidence 
level (seven steps from definite to unlikely) 
was also assigned to each finding. 

Among the 70 carotid arteries examined 
by the committee, 10 were excluded for one 
of two reasons: (1) Two carotid arteries were 
excluded because the invasive angiogram (an 
IV DSA study) was judged by the “gold stan- 
dard” committee to be of poor quality. Four 
other carotid arteries were excluded from 
the analysis because the MR angiograms 
were of insufficient quality to be read. 
(2) Four carotid arteries were excluded be- 
cause the sum of the committees confidence 
in their primary and alternative interpreta- 
tions of the MR angiograms did not exceed 
50%. In these cases, the committee stated 
that they were having difficulty distinguish- 
ing between the internal and external carotid 
arteries. 

The mean age of the 31 patients with carot- 
id arteries analyzed in our study was 69.5 
years (range, 48 to 85 years). There were 22 
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men and nine women. The mean age for the 
10 patients enrolled in the study who were 
later excluded from the analysis was not sig- 
nificantly different (70.2 years); however, 
these patients were evenly divided between 
men and women. Ninety percent of the 31 
patients underwent intra-arterial invasive 
angiography, and 10% underwent IV DSA 
invasive angiography. In all three of the IV 
DSA studies that were included, the review 
_ committee judged the images to be of suffi- 
cient quality to permit accurate measure- 
ment of carotid stenosis. 

Statistical analysis was performed with 
use of the Statistical Analysis System." 
Pearson correlation coefficients and Ken- 
dalls 7 were used as measures of association. 
Fishers Exact Test and x° analysis were 
used for pairwise comparisons of categorical 
data. Sensitivity and specificity were caleu- 
lated with standard methods.“ 





RESULTS 


Among the 70 carotid bifurcations ex- 
amined, 60 met our criteria for analvsis: 
the images were of adequate quality and 
the review committee had reasonable 
confidence in their readings. All subse- 
quent analyses presented will refer to 
these 60 carotid arteries. 

In 53% of the carotid arteries, the 
stenosis ratings based on the MR angio- 
grams were an exact match with the 
results of the corresponding invasive 
angiograms. Of the remaining pairs, 
33% were off by one step or less and 13% 

` by two or more steps (Table 1). Magnet- 
ic resonance angiograms overestimated 
the size of the lumen in 15 of the cases 
and underestimated it in 13 cases. The 
correlation between gradings of steno- 
sis based on MR and invasive angiogra- 
phy was .473 for the right side by Ken- 
dall’s + correlation coefficient compared 
with .817 for the left side. These results 
indicate a highly significant association 
between the findings of the two tests on 
both sides. 

The clinical significance of the rela- 
tively low rate of exact matches (55%) is 
best evaluated by a comparison of MR 
angiography with the gold standard — 
invasive angiography—with use of a 
2x2 table to determine the operating 
characteristics of the MR techniques 
(Fig 2). Normal findings, as well as mi- 
nor and moderate stenoses, were re- 
garded as negative (clinically insignifi- 
cant) results, as the corresponding 
therapy would probably be medical. In 
contrast, findings of severe or high- 
grade stenosis were regarded as posi- 
tive (clinically significant), as the pa- 
tients would be potential surgical 
candidates, For analyses of sensitivity 
and specificity, occlusion was consid- 
ered a nonsurgical result. With the use 
of these definitions, there were 21 carot- 
id arteries with clinically significant ste- 
nosis, 38 without clinically significant 
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Right Side 
Invasive Angiography 
Positive Negative 
Positive EIER Sensitivity=73% 
MR 
Angiography 
Negative 3 1 8 Specificity=95% 
Left Side 
Invasive Angiography 
Positive Negative 
Positive 1 0 Sensitivity=100% 
MR 
Angiography 
Negative 0 1 8 Specificity=90% 
Both Sides 
Invasive Angiography 
Positive Negative 
MR 
Angiography 
Negative 3 36 Specificity=92% 








Fig 2.—Accuracy of magnetic resonance angiography vs invasive angiography. The right and left 
carotid arteries are analyzed separately (top and middie).and then together (bottom). 


stenosis, and one occlusion based on the 
invasive angiograms. With invasive an- 
giographie findings as the gold stan- 
dard, the sensitivity of MR angiography 
was 86% (18/21) and its specificity was 
92% (36/39). Magnetic resonance angi- 
ography was considerably more sensi- 
tive in identifying stenosis of the left 
carotid artery compared with the right. 

Two of the three false-negative MR 


readings occurred when the readers did 
not correctly identify the position ofthe 
internal carotid artery. In one case, a 
large external carotid artery was 
thought to be the internal carotid. artery 
and thus was read as normal (Fig 3). In , 


the second ease, the anatomic variation ` 


where the internal carotid lies medial to 
the external carotid artery was not ap- 
preciated and the internal carotid ar- 
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Fig 3.—High-grade stenosis of the right internal carotid artery (ICA). Top, Magnetic resonance 
phase-projection angiogram shows a prominent artery believed to be a normal right ICA. However, 
the branches that appear to arise from this vessel (arrowheads) indicate that it is the external 
carotid artery (ECA). The narrow ICA is lateral to the ECA and shows high-grade stenosis (arrow). 
Middle left and right, Corresponding anteroposterior (left) and lateral (right) invasive angiograms of 
the right carotid bifurcation. Note high-grade stenosis of the ICA (arrow). Arrowheads are placed on 
a branch of the ECA in the left image to correspond to the magnetic resonance phase-projection 
-angiogram (Fig 3, top). Bottom, Axial gradient-recalled acquisition in a steady state images through 
the neck (acquired through a plane represented by the horizontal line in Fig 3, top). The right ICA 
shows high-grade stenosis (straight arrow). The left ICA demonstrates minor stenosis due to a 
small plaque along its posterior wall (curved arrow). 


Arch Neurol— Voi 48, May 1991 











Fig 4.—Medial right internal carotid artery (un- 
usual anatomic position). The lumen of the 
internal carotid artery was misinterpreted as 
being normal, because the presence of the 
superior thyroid artery (arrow) was not appreci- 
ated and the lumen size of the external carotid 
artery was attributed to the internal carotid 
artery. (Magnetic resonance phase-projection 
angiogram.) 


tery was misjudged to be narrowed (Fig 
4). In the third case, the readers under- 
estimated the true stenosis on the MR 
angiographic images. 

The three false-positive readings re- 
sulted in cases where the axial GRASS 
images misrepresented the lumen size 
of the carotid arteries (Fig 5), In these 
cases, the lumen appeared to be smaller 
than it actually was. This distortion 
might have been suspected by studying 
the corresponding phase-projection im- 
ages, which were more similar in ap- 
pearance to the corresponding invasive 
angiogram. Four of the six incorrect 
readings (all three false-negative find- 
ings and one false-positive finding) in- 
volved the right carotid artery. 

The review panel had more confi- 
dence in their evaluation of the grade of 
stenosis when reading the invasive an- 
giograms compared with the MR angio- 
grams. They had a confidence level of 
95% or greater (definite or very high) in 
their readings of 74% of the invasive 
angiograms vs 28% of the MR angio- 
grams (Table 2). 

If the 10 carotid arteries excluded 
from the analysis had been included, the 
sensitivity and specificity of MR angiog- 
raphy each would decline slightly. The 
sensitivity would decline from 86% to 
84%; the specificity, from 92% to 87%. 
The six carotid arteries excluded he- 
cause of the poor quality of the images 
included one true-positive, three true- 
negative, and two false-positive results. 
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Fig 5.—Minor stenosis of the left internal carotid artery. Left, Phase angiogram appears to be normal. The corresponding 
invasive angiogram (not shown) disclosed minor stenosis. Right, Axial scan (acquired through a plane represented by the 
horizontai line in Fig 5, left) shows a small area of high signal intensity (arrow). This was misinterpreted as the residuai lumen, 
so the left internal carotid artery was believed to be severely stenotic. The intermediate signal intensity posteromedial to the high 
signal intensity, which represents the remainder of the actual lumen, was believed to be a plaque. The right internal carotid 
artery was judged to have minor stenosis because it was slightly smaller than the corresponding externa! carotid artery. 


Table 2.—Comparison of Degree of Confidence in Readings of Magnetic Resonance 
(MR) Angiograms vs Invasive Angiograms* 


Degree of Confidence a 


No. (%) 





MR Invasive 
Angiography _ 





Definite (100%) 





Very high (95% 








High (76%-94% 





Moderately high (51 


"24 (38), 





Moderately low (28% 


6 OE 





Low (6%-25%) 





Total 








* This table includes the 60 carotid arteries examined in the analysis and the four carotid arteries excluded 
because the committee did not have sufficient confidence in their readings. It does not include the six carotid 
arteries excluded because of poor image quality. Interestingly, the committee's confidence in these six readings 
did not differ significantly between the invasive and MR angiograms. 


The four carotid arteries excluded be- 
cause of the committee's low confidence 
in their reading consisted of two true- 
positive, one false-positive, and one 
false-negative result. 

The 12 remaining carotid arteries ex- 
cluded were in patients who did not 
complete the MR imaging procedure as 
a result of patient or imaging problems. 
If MR angiography were adopted for 
clinical practice, however, the four pa- 
tients (eight earotid arteries) whose im- 
aging procedures were incomplete 
would have had the missing or inade- 
quate sequences repeated. The two pa- 
tients (four carotid arteries) who were 
claustrophobic would have been reas- 
sured; if that were inadequate, the pa- 
tients would have been sedated and the 
imaging procedure repeated. 


488 = Arch Neurol— Vol 48, May 1991 


COMMENT 


Evaluation of an evolving technology 
is difficult because there are frequently 
many competing variations, and the 
newest technique often looks more 
promising than the older ones. Our 
study focuses on two well-established 
MR techniques. Although some might 
question our reporting on an evaluation 
of techniques that are no longer on the 
cutting edge, doing so can be justified 
for two reasons: (1) It is not clear that 
just because some of the newer methods 
produce “prettier” images, they are any 
more accurate than the older tech- 
niques. Until the alternative MR angio- 
graphie techniques are compared sys- 
tematically, it is impossible to conclude 
which one actually produces the most 


useful and reliable results. (2) Evalua- 
tion of these two methods sets a baseline 
for the assessment of later techniques. 
If the results show, as they do in our 
study, that the operating characteris- 
tics of these older techniques come close 
to those of invasive angiography, they 
provide additional evidence that MR an- 
giography warrants further, systematic 
study. 

In fact, the results of our study, in 
which the two older techniques are com- 
bined, show that MR angiography can 
detect clinically significant extracranial 
carotid artery stenosis without the use 
of contrast media injection. With inva- 
sive angiography as the gold standard, 
our research shows that MR angiogra- 
phy has good but not perfect sensitivity 
and specificity, 

Our results also indicate that phase 
(transverse) and longitudinal (gradient- 
echo) MR angiographic techniques pro- 
vide complementary pieces of informa- 
tion and thus justify their being 
evaluated together vs invasive angiog- 
raphy. At least some of the false-posi- 
tive readings might have been avoided if 
the gradient-echo images, which under- 
estimated the lumen size, had been com- 
pared more carefully with the phase 
images. 

Our study compares the sensitivity 
and specificity of combining phase-sen- 
sitive and gradient-echo MR angio- 
graphic techniques with conventional , 
invasive angiography in the identifica- ` 
tion of clinieally significant stenosis of 
the carotid artery bifurcation. Previ- 
ously, we had determined that MR angi- 
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ography does not need to be perfectly 
sensitive or specific, because a small 
loss of accuracy would be offset by the 
lower risk of MR angiography. We esti- 
mated, with the use of decision analysis, 
that. carotid MR angiograms can be ei- 
ther 5% less sensitive or 15% less specif- 
ie than invasive angiograms and still 
-yield the same benefit.” Based on these 
preliminary results, the 86% sensitivity 
and 92% specificity of MR angiography 
approach these criteria. 

We used invasive angiography as the 
gold standard for this analysis; it is pos- 
sible that some apparent MR angiogra- 
phy errors were actually the result of 
invasive angiography errors. However, 
analysis with use of only the best MR 

“and invasive angiograms yielded essen- 


tially the same results. Similarly, inclu- 


sion of the three cases (six carotid arter- 
ies) in which IV DSA was used did not 
lower the operating characteristics of 
MR angiography, as there were three 
true-positive and three true-negative 
results. 

Four of the six incorrect readings 
were of the right carotid artery. Two of 
the four (two false-negative results) can 
be attributed to the anatomic variation 
where the internal carotid artery lies 
medial to the external carotid artery; 
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this occurs in 17.6% of right carotid ar- 
teries and only 5.2% of left carotid arter- 
ies.” Therefore, it is not surprising that 
MR angiograms of the right carotid ar- 
tery were misread more often. Howev- 
er, new three-dimensional, time-of- 
flight MR angiographic techniques 
should help overcome this problem by 
providing a more detailed picture of the 
carotid bifurcation, whereby the 
branches of the external carotid artery 
can be routinely identified.” ” 

Although our results are promising, 
it may be difficult for individuals who 
are inexperienced in the interpretation 
of MR angiograms to duplicate them. 
The panel of physicians had been read- 
ing normal and abnormal MR angio- 
grams for about 1 year before these im- 
ages were read for study purposes, and 
they had become acquainted with many 
of the pitfalls of MR angiogram inter- 
pretation. Furthermore, MR angio- 
grams may be more difficult to read 
than traditional invasive angiograms, 
as reflected by the approximately 15 to 
20 minutes necessary to read a com- 
bined MR angiogram vs roughly 5 min- 
utes for an invasive angiogram. 

Several of our findings are consistent 
with MR angiography being a new tech- 
nology. In this initial work, the MR an- 
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è The group of six patients in this study 
experienced delayed visual loss following 
head trauma. Visual loss occurred from 1 day 
to 13 years after the initial injury. All patients 
suffered indirect trauma to the internal carot- 
id artery resulting in formation of either an 
aneurysm or pseudoaneurysm or a carotid- 
cavernous fistula. Review of the radiologic 
and clinical findings was performed in six 
patients. The diagnosis was established by 
computed tomography, magnetic resonance 
imaging, and angiography. All patients had 
follow-up clinical evaluation and imaging 
studies. Treatment by neurosurgical or inter- 
ventional neuroradiologic procedures re- 
sulted in significant visual improvement in 
five patients. Different pathophysiologic 
mechanisms could be correlated with the de- 


ptic nerve damage is a well-recog- 
nized complication of closed head 
trauma.’ In the majority of patients in 
whom vision can be assessed, visual loss 
is immediate and nonprogressive. In a 
significant minority of patients, visual 
deterioration occurs after an initial sta- 
ble interval of 12 to 72 hours, at times 
without an immediate posttraumatic vi- 
sual deficit. We have observed six pa- 
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layed visual loss produced by the two types 
of lesions. The pathologic changes associat- 
ed with the aneurysms/pseudoaneurysms 
included direct compression of optic nerves 
and/or chiasm and intracranial hematoma. A 
carotid-cavernous fistula caused delayed vi- 
sual loss by either hematoma at the orbital 
apex or compression of the chiasm and/or 
optic nerves by saccular dilatation of the cav- 
ernous sinus. The delayed onset of de- 
creased vision following head trauma should 
alert the physician to the possibility of a trau- 
matic aneurysm/pseudoaneurysm or a ca- 
rotid-cavernous fistula. Different neuro-oph- 
thalmologic symptoms can usually be 
correlated with the pathologic changes dem- 
onstrated by neuroimaging procedures. 
(Arch Neurol. 1991 ;48:490-497) 


tients in whom visual loss occurred 
weeks to years after an episode of head 
trauma (Table). The clinical histories of 
three patients are given in detail. All 
patients sustained damage to the inter- 
nal carotid artery. Two different patho- 
physiologic mechanisms for visual loss 
were identified. In two patients, visual 
loss resulted from compressive optic 
neuropathy due to a carotid-cavernous 
fistula. In four patients, a traumatic an- 
eurysm or pseudoaneurysm of the ca- 
rotid artery caused optic nerve com- 
pression. In all of the patients with 
aneurysms or pseudoaneurysms, and in 
one patient with carotid-cavernous fis- 
tula, intervention resulted in prompt 
restoration of vision to near normal. 


REPORT OF CASES 


CASE 1.—Clinical History and Examina- 
tion. — A 21-year-old man was in good health 
until July 1988 when he sustained bilateral 


basilar skull fractures in an automobile acci- 
dent. He was unconscious for 3 to 4 hours and 
awoke with complete loss of vision in the left 
eye. Vision in the right eye was 20/20. A left 
third nerve palsy was present; there were 
also palsies of nerves VII and and V1-3. In- 
tractable keratopathy necessitated a com- 
plete left tarsorrhaphy in August 1988, He 
had had no visual complaints and was able to 
read small newsprint without difficulty until 
September 1988, when he noticed progres- 
sive visual loss in the right eye. His visual 
acuity at that time was 20/50 in the right eye, 
and there was no light perception in the left 
eye. About 2 weeks after the onset of visual 
loss, he noted proptosis and redness of the 
right eye as well as a bruit in the right ear. A 
right periorbital headache was present. By 
mid-October 1988, his vision in the right eve 
had dropped to 20/400. 

On January 25, 1989, the patient's visual 
acuity was 20/400 eccentrically in the right 
eye and no light perception in the left eye. He 
correctly identified only six of 14 color plates. 
The right pupil reacted sluggishly and the 
left pupil, which could be seen only in its 
medial aspect at the edge of the tarsor- 
rhaphy, appeared to be fixed and dilated. 
The visual field of the right eye showed cen- 
tral and inferior arcuate loss (Fig 1). Mild 
palsies were present in the following cranial 
nerves: right VI, right IV, left V1-3, and left 
VH, with aberrant regeneration of left VII. 
Motility of the left eye could not be fully 
evaluated because of the tarsorrhaphy, but 
there was mildly decreased adduction. The 
right optie dise and retina were normal, ex- 
cept for mild dilation and tortuosity of the 
veins. The left optic disc was pale with a 
slightly decreased caliber of the retinal ves- 
sels. A high-pitched, low-intensity bruit was 
heard best over the right orbit, retromastoid 
area, and posterior occiput. The exophthal- 
mometry reading was 22 mm in the right eye, 


fa, 


and it was not obtainable in the left eye be- << 


cause of the tarsorrhaphy. The palpebral and 
bulbar conjunctiva and the episclera cor- 
tained typical “corkscrew” vessels. Intraocu- 
lar pressure was24 mm Hg in the right eye, 
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Patient No./ Pathologic Injury to At Time of At Time of Atter 
Age, y/ Sex Findings Visual Loss Trauma Visual Loss Recovery Comment 
1721/M R CC fistula 10 wk OD, 20/20; OS, OD, 20/400, central OD, 20/25, smali Treatment by intra-arter- 
NLP and inferior arcu- temporal field de- ial balloons 
ate; OS, NLP fect; OS, NLP 
2718/M R CC fistula; R ICA 10d OD, 20/200; OS, OD, FC 90 cm (3 ft); OD, FC 90 cm (3 ft); Orbital apex hemor- 
aneurysm originat- 20/20 OS, 20/20 OS, 20/20 due to rhage due to CC 
ing in horizontal CC fistula; no fistula 
intracavernous treatment 
segment 
3/26/F L CC fistula 12y OD, 20/20, NL fields; OD, 20/20, paracen- OD, 20/20, NL field; Treatment by intra-arte- 
OS, 20/100, nasal tral scotoma; OS, OS, unchanged tial balloons 
island remaining unchanged 
4/20/F intracavernous aneu- 8 mo OD, 20/20; OS, OD, 20/30, large OD, 20/20, NL field; Epistaxis; treatment: by 
rysm of R ICA; 20/20 paracentral scoto- OS, 20/20, NL intra-arterial balloons 
large subfrontal ma; OS, 20/20 field 
extradural 
hematoma 
§/28/M Supraclinoid 8 wk OD, 20/20, NL field; OD, 20/400, tempo- OD, 20/20, NL field; Treatment: intracranial 
aneurysm of R OS, 20/20, NL ral hemianopia; OS, 20/20, NL ligation of aneurysm 
ICA field OS, 20/20, NL field 
field 
6/34/M Intracavernous 17 y OD, NLP; OS, NL OD, NLP; OS, 20/50, OD, NLP; OS, 20/20, Unsuccessful balloon 
aneurysm in R vision interior NFB field defect embolization; ICA 
ICA improved trapping via intracra- 







nial and cervical 
ligation 





*CC indicates carotid cavernous; FC, finger counting: ICA, internal carotid artery: NFB, nerve fiber bundle; NL, normal; and NLP, no light perception, 
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—— E , 
al 


Fig 1.—Visual fields in the right eye of patient 1 showing central and inferior arcuate loss. Vision in 
the left eye was no light perception. 


but it could not be assessed in the left eye 
because of the tarsorrhaphy. The remainder 
of the ophthalmologic and general neurologic 
examination showed normal findings. 
Radiologic Studies.—The radiographie 
examination carried out 6 months after the 
trauma revealed a large right carotid-cav- 
ernous fistula with massive expansion of the 
cavernous sinus and compression of the su- 


“prasellar structures. A computed tomo- 


graphic (CT) scan with axial and coronal sec- 
tions confirmed the gross enlargement of the 
cavernous sinus, predominantly on the right 
side. The rounded mass entirely filled the 
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suprasellar cistern and extended up and 
slightly to the left of the midline. There was 
retrosellar extension indicating dilated infe- 
rior petrosal sinuses on both sides. The supe- 
rior ophthalmic veins were grossly enlarged, 
on the right more than on the left. Magnetic 
resonance imaging (MRD (Fig 2, left) better 
defined the extent of the dilated cavernous 
sinus in multiplanar images. The rounded 
mass appeared to be a thin-walled, aneu- 
rysmlike dilation of the cavernous sinus. 
There was clear evidence of mass effect on 
the optie pathways with the chiasm draped 
anteriorly above this varix. 


Cerebral arteriography (Fig 2, right) dem- 
onstrated that all of the flow from the right 
internal carotid artery was directed into a 
carotid-cavernous fistula located at the C3 
portion of the siphon. There was immediate 
filling of the previously described pouchlike 
extension of the cavernous sinus with imme- 
diate opacification of the venous system, The 
drainage included both inferior petrosal si- 
nuses and, to a somewhat lesser extent, the 
superior ophthalmic veins, greater on the 
right than on the left. There was also evi- 
dence of retrograde drainage into the cere- 
bral veins. The right external carotid injec- 
tion demonstrated retrograde flow of the 
ophthalmie artery, partially feeding the ca- 
rotid-cavernous fistula. There was collateral 
flow to the fistula from the left internal carot- 
id artery and vertebrobasilar system via the 
anterior communicating artery and the pos- 
terior communicating artery, respectively. 
The right posterior communicating artery 
was markedly bowed upward by the dilated 
cavernous sinus. 

Because the visual loss was felt to be 
caused by compression of the optic pathways 
by the pouchlike extension of the cavernous 
sinus, it was decided not to place detachable 
balloons within the large fistula itself to avoid 
substituting the mass effect of balloons for 
that of the dilated cavernous sinus. For this 
reason, the fistula was trapped by carotid 
occlusion with endovaseular balloons, which 
were placed in the internal carotid artery 
above and below the point of fistulization. 
There was immediate return of the right pos- 
terior communicating artery to its normal 
position, indicating immediate collapse of the 

yarix. 

Follow-up angiography (not shown) and 
MRI (Fig 3) 4 days after treatment demon- 
strated persistent collapse of the previously 


Delayed Visual Loss—Weinstein etal 491 












Fig 2.— Sagittal (left) T,-weighted magnetic resonance image (Signa, General Electric, Schenectady, NY) (1.5 T; TR, 600 
milliseconds; TE, 20 milliseconds) and right internal carotid arteriogram (right) of patient 1 at time of presentation. The massively 
dilated cavernous sinus (single arrows) displaces the optic chiasm (curved arrow) and drains into a dilated right superior 


ophthalmic vein (double arrows). 





dilated cavernous sinus and normalization in 
the appearance of the intracranial optic 
pathways. 

Clinical Follow-up. — Eighteen hours af- 
ter angiography and right internal carotid 
artery occlusion, the patients visual acuity 
was 20/25 in the right eye, and there was no 
light perception in the left eve. The proptosis 
had diminished, and the episcleral and con- 
junctival vasculature on the right side was 
less engorged. The visual fields were im- 
proved, though the ocular motility and the 
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position. 


appearance of the fundi were unchanged. 
The bruit was not audible. Results of the re- 
examination 6 weeks later were unchanged 
except for a decrease in the caliber of the 
retinal veins and improvement of visual acu- 
ity in the right eye to 20/20. Only a small 
temporal field defect remained 5 months af- 
ter the procedure (Pig 4). 

CASE 2.—Clinical History and Examina- 
tion. — An 18-year-old man was involved in a 
motor-vehicle accident on July 5, 1988, and 
sustained facial and basilar skull fractures, 











Fig 4. — Visual field in the right eye of patient 1, 5 months after treatment. 


Fig 3. — Sagittal T-weighted magnetic resonance image (Signa. General 
Electric, Schenectady, NY) (1.5 T; TR. 600 milliseconds: TE, 20 millisec- 
onds) of patient 1 four days after right internal carotid occlusion and 
trapping of fistula. Compare with Fig 2, right. Cavernous sinus has 
decompressed with return of optic chiasm {curved arrow) to normal 


intraventricular hemorrhage, and a right- 
sided pneumothorax. He was unconscious 
briefly, and remained in the intensive care 
unit for 6 days, with gradual improvement in 
his mental status. When first seen by an 
ophthalmologist 4 hours after his injury, he 
was unable to cooperate for tests of visual 
acuity; pupils were recorded as 4 mm OU in 
room light with normal light reaction and no 
afferent defect. Ocular motility was not test- 
ed, and results of the fundus examination 
were recorded as normal. When he was alert 
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Fig 5. — Early arterial (top left), middle phase (top right), and venous (bottom left) phases from a right internal carotid arteriogram 
and axial computed tomographic scan through the orbits (bottom right) of patient 2. Note early filling of cavernous (single 
arrows) and petrosal sinuses (double arrows) and abnormal filling of superior ophthalmic vein (curved arrows), which becomes 
progressively more distended in bottom left. The superior ophthalmic vein does not drain into the cavernous sinus but appears 
obstructed at the orbital apex (short arrow). The image shown at the bottom right demonstrates an abnormal soft-tissue density 
mass in the orbital apex (single arrow), an abnormally enlarged cavernous sinus (curved arrows), and fluid in the ethmoid air 
cells and sphenoid sinuses. 


enough to respond appropriately on the third 
hospital day, his vision was recorded as 
20/200 OD and 20/20 OS. A complete palsy of 
the right third nerve as well as partial palsies 
of the right sixth, right seventh, and left 
sixth nerves were present. Three days later, 
his visual acuity was recorded as 20/400 OD 
and 20/20 OS. By the 10th day after the acci- 
dent, his vision had declined to counting fin- 
gers at 120 em (4 ft) in the right eve, but this 
was attributed to corneal exposure and use of 
topical ointments. Eleven days after the acci- 
dent, vision in the patients right eve was 
recorded as counting fingers at 90 em (3 ft), 
and there was mild swelling of the right optic 
dise. Fourteen days after the injury, the vi- 
sual acuity in the right eve had declined to 
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hand motions, and moderate conjunctival 
chemosis was present. The patient now not- 
ed a bruit in his right ear. Sixteen days after 
his injury, the patient experienced a sudden 
bout of epistaxis with approximately 750 mL 
of blood from the right nostril. Visual acuity 
in the right eve had declined to light percep- 
tion. Twenty-four hours after his epistaxis, 
the patient was transferred to the University 
of Wisconsin Hospital, Madison. 

On examination, visual acuity was bare 
light perception in the right eve and 20/20 in 
the left eve. The right pupil was 7 mm and 
nonreactive, while the left pupil was 3 mm 
and briskly reactive. A reverse afferent de- 
fect (4+) was present on the right side. Con- 
frontation visual fields were full in the left 





eye, but this test could not be performed in 
the right eye. Ocular motility of the left eve 
was normal, but the right eve was immobile 
except for 2 mm of abduction. An external 
examination revealed diffuse injection and 
mild chemosis of the right conjunctiva with 
no corkscrew vessels. Exophthalmometry 
readings were 22 OD and 21 OS. Slit-lamp 
examination findings were unremarkable, 
and determination of intraocular pressure by 
Schiotz tonometry was 0 mm Hg OD and 14.6 
mm Hg OS. The right optie dise was moder- 
ately swollen without spontaneous venous 
pulsations. The macula, vessels, and periph- 
ery were normal. The left optic dise was flat 
with normal vascularity. The left macula, 
vessels, and periphery were normal. No per- 
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Fig 6.—Visual fields in patient 3 at the time of presentation, 12 years after her injury. 


jorbital or cranial bruits were audible, de- 
spite the patients subjective bruit. 

Radiologic Studies.—A CT scan per- 
formed on July 5, 1988, demonstrated a frac- 
ture through the greater wing of the sphe- 
noid bone, extending into the right orbit. 
There were no extraconal or intraconal orbit- 
al lesions. The superior ophthalmic veins 
were of normal size. There were comminuted 
fractures of the right ethmoid sinus, and fluid 
was found in all of the sinuses. A longitudinal 
fracture extended through the right petrous 
bone. Pneumocephalus was present, and 
there was blood in the basilar cisterns. On 
July 7, 1988, a CT scan showed mild dilation 
of the right superior ophthalmic vein, but the 
orbital apex was not imaged inits full vertical 
extent (middle and superior portions only). 
An MRI taken on July 13, 1988, demonstrat- 
ed further enlargement of the right superior 
ophthalmic vein, extending to the superior 
orbital fissure, with slight dilation of the 
right cavernous sinus. However, these 
changes were not appreciated prior to the 
onset of epistaxis on July 21, 1988. Carotid 
arteriography performed on July 22, 1988 
(Fig 5), 20 hours after the episode of epistax- 
is, demonstrated a carotid-cavernous fistula 
draining primarily toward the right inferior 
petrogal sinus and partially to the inferior 
ophthalmic vein through a small communi- 
eating vein about the size of the ophthalmic 
artery. There was delayed filling, via collat- 
eral blood vessels, of the right superior oph- 
thalmic vein, which abruptly tapered at the 
orbital apex and did not empty into the eav- 
ernous sinus. These changes were interpret- 
ed as consistent with extrinsic compression 
of the superior ophthalmic vein at the orbital 
apex, possibly by a hematoma. The mass 
effect at the orbital apex was confirmed by a 
CT scan performed on the same day (Fig 5, 
bottom right). 

Clinical Follow-up.—The patient was 
transferred to the University of Wisconsin 
Hospital for treatment of the carotid-cavern- 
ous fistula. Angiography on arrival demon- 
strated spontaneous thrombosis of the fistula 
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with only a tiny (<4-mm diameter) pseu- 
doaneurysm remaining. No further treat- 
ment was undertaken, and follow-up arteri- 
ography performed 12 months later 
demonstrated a significant decrease in the 
size of the pseudoaneurysm, Vision has re- 
mained 20/20 in the left eye and bare light 
perception in the right eye. 

CASE 3. —Clinical History and Examina- 
tion.—A 26-year-old woman noted blurred 
vision in her right eve over several weeks. 
Twelve years previously, she had sustained a 
basilar skull fracture and traumatic left optic 
neuropathy in an automobile accident. Vision 
in the right eye was normal after the acci- 
dent, and the patient had no further visual 
complaints until January 1988 when she not- 
ed the gradual onset of blurred vision in her 
right eye and a mild bifrontal headache. She 
denied symptoms of neurologic dysfunction. 

In January 1988, the patients visual acuity 
was 20/20 OD and 20/100 OS. Visual fields 
showed a small nasa! island of vision remain- 
ing in the left eye and a temporal paracentral 
scotoma in the right eye (Fig 6). Pupils were 
equal in size but a left afferent defect (4+) 
was present. The anterior segment was nor- 
mal in both eyes, and the intraocular pres- 
sures were 12 mm OD and 15 mm OS. There 

vas mild temporal pallor of the right optic 
dise with normal macula, vessels, and periph- 
ery. The left optic dise was extremely pale 
with normal macula, vessels, and periphery. 
The remainder of the neurologic examination 
and general physical examination showed 
normal findings. 

Radiologic Studies.—The radiologic ex- 
amination revealed a giant, partially throm- 
bosed aneurysm of the left internal carotid 
artery extending into the suprasellar cistern 
and compressing the chiasm and intracranial 
optic nerves. A CT sean performed on Janu- 
ary 19, 1988 (not shown), demonstrated a 
mass in the sellar region encroaching on the 
left sphenoid sinus. There were secondary 
bony changes with mottling of the lateral 
wall of the left sphenoid sinus and elevation 
of the left anterior clinoid process. 


The MRI (Fig 7, left and center) demon- 
strated the size of the lumen of this partially 
thrombosed aneurysm to be 1.2 1.62.5 
em. The outer dimensions of the thickened 
mass proved to be 2.5* 2.53.6 cm. The 
aneurysm extended inferiorly into the sphe- 
noid sinus and superiorly into the suprasellar 
cistern with elevation of the chiasm and 
marked deviation of the left optic nerve along 
the superior lateral aspect of the mass. The 
thrombosed portions of the aneurysm wall 
showed a concentric lamination. 

Cerebral arteriography demonstrated lat- 
eral displacement of the left carotid siphon, 
with the neck of the aneurysm in the anterior 
medial portion of the intracavernous seg- 
ment. Good collateral blood flow to the left 
cerebral hemisphere was demonstrated. Af- 
ter tolerance of temporary occlusion of the 
left internal carotid artery, permanent bal- 
loon occlusion of the left internal carotid ar- 
tery was carried out. 

Follow-up MRI (not shown) initially dem- 
onstrated thrombosis of the aneurysm and 
the internal carotid artery proximal to the 
origin of the ophthalmic artery. Subsequent 
MRIs demonstrated loss of the previously 
apparent lamination within the wall of the 
aneurysm with later gradual decrease in size 
of the mass and marked shrinkage of the 
thrombosed aneurysm 1.5 years after the 
endovascular treatment (Fig $). There was 
partial restoration of the chiasm toward its 
normal position. 

Clinical Follow-up.—The patients visual 
acuity and visual fields were unchanged after 
undergoing the procedure. Over the ensuing 
12 months, the field defect in the right eve 
gradually and completely resolved. The visu- 
al acuity and visual field in the left eve did not 
change. 


COMMENT 


Injury to the internal carotid artery 
may result in partial or complete rup- 
ture of any of the vascular layers with 
resulting dissection,’ carotid cavernous 
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Fig 7.—Coronal (left) and sagittal (center) T,-weighted magnetic resonance image (MRI) (Signa, General Electric, Schenectady. 
NY) (1.5 T; TR, 600 milliseconds; TE, 20 milliseconds) and lateral view of a right internal carotid arteriogram (right) of patient 3 
at time of presentation. The MRI shows displacement and compression of the optic chiasm (curved arrows) by an aneurysm 
with a central lumen (single arrows) with mural thrombus (double arrows), Arteriography confirms presence of aneurysm. 
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Fig 8.—Coronal (left) and sagittal (right) T,-weighted magnetic resonance image (Signa. General Electric, Schenectady, NY) 
(1.5 T; TR,600 milliseconds: TE, 20 milliseconds) of patient three, 1.5 years after treatment. Note the striking resolution of the 
mass (compare with Figs 7, left and center) with return of the optic chiasm (curved arrows) to a more normal position. 


fistula,” or formation of a false or pseu- 
doaneurysm.”” Distinction between a 
true aneurysm, false aneurysm, and a 
pseudoaneurysm is usually not possible 
without pathologic examination. A 
traumatic, rather than spontaneous, or- 
igin in patients with aneurysms of the 
carotid siphon region is highly likely 
_ When basilar fractures involve the sphe- 
noid and sellar areas (Fig 9) or when a 
hemorrhage is observed in the sphenoid 
or posterior ethmoid sinuses or intra- 
cranially in the parasellar area. In all of 
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the patients in this study, carotid injury 
resulted in delayed visual loss due to 
optic nerve compression. In two pa- 
tients, visual loss was due to complica- 
tions arising from a direct carotid-cav- 
ernous fistula, Direct compression by 
the greatly expanded cavernous sinus 
caused gradual visual loss in patient 1, 
and hemorrhage at the orbital apex ap- 
parently caused rapid visual loss in pa- 
tient 2. In patients 3 through 6, optic 
nerve compression resulted from an an- 
eurysm or pseudoaneurysm of the ca- 


rotid artery. The site of aneurysm for- 
mation was the distal intracavernous 
segment in patients 3 through 5 and the 
supraclinoid segment in patient 6. In 
patient 2, an acute visual deficit result- 
ed from periarterial hemorrhage associ- 
ated with epistaxis. By contrast, visual 
impairment was not apparent for weeks 
to years after trauma in the other three 
patients with aneurysms, apparently 
because of gradual enlargement of the 
mass. Recognition of the cause of optic 
nerve compression led to intervention 
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Fig 9. — Axial computed tomographic scans through the skull base, photographed at a bone window setting, at the time of initial 
injury (left) and at the time of visual loss 10 months later (right) in patient 4. Note the extensive fractures (single arrows), fluid- 
filled ethmoid and sphenoid sinuses (curved arrows), and smail right epidural hematoma containing air (double arrows). The 
scan at right shows a soft-tissue mass (asterisk) replacing the ethmoid air cells and sphenoid sinus with resorption of the bony 


septa. 


and significant visual recovery in five of 
six patients with aneurysm or fistula. 
Visual loss due to carotid-cavernous fis- 
tula results most frequently from ac- 
companying glaucoma” and less fre- 
quently from a form of venous 
stasis/hypoxic retinopathy.’ In either 
instance, visual loss may be gradual and 
delayed. Patient 1 in our series had de- 
layed, but reversible, visual loss due to 
optic nerve and chiasmal compression 
from a massively dilated cavernous si- 
nus. Trapping of his fistula with detach- 
able intra-arterial balloons resulted in 
immediate collapse of the venous pouch 
and return of vision from 20/400 OD to 
20/25 OD within 18 hours, implicating 
intracranial optic nerve compression, 
rather than ischemia, as the most proba- 
ble cause of visual loss. Similar cases 
have been reported by Dandy and Fol- 
lis." Hedges et al’ noted rapid return of 
visual function after collapse of a fistula 
using detachable balloons. In their se- 
ries of 155 patients with carotid cavern- 
ous fistulas, Halbach et al’ identified 21 
patients with varices of the cavernous 
sinus extending into the suprasellar cis- 
tern. Details of the visual examination 
were not given. Three patients experi- 
enced fatal subarachnoid hemorrhage, 
and the authors considered the pres- 
ence of a varix to be an indication for 
urgent treatment. 

Patient 2 in our series also had de- 
layed visual loss related to a direct ca- 
rotid cavernous fistula. Angiography 
suggested extrinsic compression of the 
superior ophthalmic vein, and the CT 


496 Arch Neurol—Vol 48, May 1991 


scan confirmed the presence of a mass at 
the orbital apex. This mass had not been 
seen on prior studies, and we presume 
that it represented a hematoma com- 
pressing the optic nerve, although this 
radiographic appearance might have 
been produced by thrombosis of the su- 
perior ophthalmic vein. The presence of 
very low intraocular pressure also sug- 
gests the possibility of ophthalmic ar- 
tery compromise with optic nerve isch- 
emia. Optic nerve ischemia could have 
been caused by the apical orbital hema- 
toma compressing the ophthalmic ar- 
tery, although the ophthalmic artery 
appeared to be of normal caliber angio- 
graphically, or by sudden hypotension 
in the carotid-ophthalmic circulation as- 
sociated with the episode of epistaxis. 
The optic disc swelling could, therefore, 
have been due to compression, isch- 
emia, or ocular hypotony. A case of 
acute retrobulbar optic nerve ischemia 
has, in fact, been documented at autop- 
sy in a patient with a carotid cavernous 
fistula,” and we cannot rule out an isch- 
emic component to our patients visual 
loss. 

Patients 5 through 6 suffered delayed 
visual loss due to compressive optic neu- 
ropathy related to an aneurysm or pseu- 
doaneurysm of the internal carotid ar- 
tery. In patients 3, 5, and 6, the optic 
nerve and/or chiasm was directly com- 
pressed by the aneurysm. In patient 4, 
the optic nerve was compressed by an 
extradural intracranial hemorrhage 
arising from the pseudoaneurysm. In 
patients 3 through 5, the pseudoaneu- 


rysm arose from the medial portion of 
the horizontal segment of the carotid 
siphon, where it is in close approxima- 
tion to the sphenoid sinus. Epistaxis 
may be a premonitory sign of damage to 
the carotid artery at this location and is 
usually related to extension of the vas 
cular lesion into the sphenoid sinus, #7" 
Forty-six percent of the cases of carotid 
pseudoaneurysm reviewed by Cham- 
bers et al’ had their first episode of epi- 
staxis more than 1 month after trauma, 
and 13% had their first episode at least 6 
months after trauma. As pointed out by 
several authors, this symptom merits 
thorough investigation in patients with 
a history of previous head injury "A 
In patients 3 and 4, growth of the pseu- 
doaneurysm presumably occurred over 
intervals of 12 years and 8 months, re- 
spectively. This slow growth was re- 








flected in the radiologic appearance of 
the lesion, with concentric lamination 
and expansion of adjacent bone. More 
rapid expansion of the lesion may cause 
acute visual loss due to extradural hem- 
orrhage within the periarterial tissue. 
Finally, although delayed epistaxis af- 
ter head trauma has been considered a 
warning sign of pseudoaneurysm by 
most authors, patient 2 in our series 
demonstrates the fact that delayed epi- 
staxis may also occur in patients with 
carotid-cavernous fistulas. This sign 
has also been noted by Halbach et al.” 
In a comprehensive review of the lit- 
erature, Chambers et al” found reports 
of 96 patients with the syndrome of de- 
layed epistaxis and immediate (not de- 
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layed) monocular blindness due to trau- 
matic pseudoaneurysms of the cav- 
ernous internal carotid artery. The au- 
thors added four similar cases of their 
own. One patient presented with epi- 
staxis 40 years after his head trauma. 
The authors reported a mortality of 
30%, with no antemortem diagnosis in 
15% of patients and a delay in diagnosis 
of 4 months or more after epistaxis in 
73% of patients. They suggest that more 
frequent use of carotid arteriography in 
patients with delayed epistaxis might 
help to reduce the morbidity and 
mortality. 

Although delayed visual loss was not 
mentioned in the report of Chambers et 
al,” we are aware of two other reports 
documenting this complication of trau- 
matic pseudoaneurysms of the internal 
carotid artery. *® Unfortunately, de- 
tailed visual information is not provided 
in either report. Successful treatment 
in two of our patients was accomplished 
by parent artery occlusion with intra- 
arterial balloons. Elective exclusion of 
the pseudoaneurysm from the circula- 
tion, keeping the artery patent by using 
an endovascular balloon technique, is 
preferred when possible. Permanent 
occlusion of the carotid artery is, never- 
theless, recognized as a valid alterna- 

-tive when the morphologic configura- 
tion of the pseudoaneurysm does not 
allow selective treatment.” Prior to 
permanent occlusion of the parent ar- 
tery, temporary occlusion is performed 
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to determine the patient's tolerance for 
this procedure. 

Patients 2 through 6 in this series had 
either a fistula or the neck of an aneu- 
rysm arising from the medial aspect of 
the intracavernous portion of the carot- 
id artery siphon. It is unclear why some 
patients with trauma to this area form 
carotid-cavernous fistulas while others 
form pseudoaneurysms. Critical factors 
determining the type of lesion may in- 
clude the extent of injury to the various 
layers of the arterial wall as well as the 
topographic relationship of the carotid 
artery to the dural wall of the cavernous 
sinus and to the bony wall of the sphe- 
noid sinus. Although there were no ob- 
vious differences in the site of carotid 
trauma or the vascular anatomy in our 
six patients, individual variations in the 
relationship of the carotid artery to both 
the cavernous sinus and the sphenoid 
sinus are well described and are rela- 
tively common.” If the damaged seg- 
ment of the arterial wall closely approxi- 
mates the bony wall of the sphenoid 
sinus without interposition of the cav- 
ernous sinus, or if the artery is sur- 
rounded by a hematoma that effectively 
isolates it from the cavernous sinus, a 
traumatic aneurysm may be more likely 
to develop. When the segment contain- 
ing the arterial tear is completely con- 
tained within the cavernous sinus, a fis- 
tula is more likely, especially if all layers 
of the arterial wall are involved. An an- 
eurysm can still develop at this location 
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does not involve all layers. Traumatic- 
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Current hypotheses suggest 


Calcium influx - 
is a key component 
of ischemic injury 





Photomicrograph of depolarized cultured rat hippocampal neuron, showing elevated intracellular 
calcium. Blue represents lowest and gray represents highest concentration of metabolically active 
ionized calcium. 


Ischemia is associated with calcium influx which 
activates phospholipases and degrades neuronal cell membranes?-4 





D Cerebroselective : 
calcium channel blockade may 
Protect against ischemic i injury 


NIMOTOP modulates calcium influx 
to promote cerebral perfusion and may 
directly protect neurons*’ 





Nimodipine-treated cultured rat Cultured rat hippocampal 


hippocampal neuron under neuron showing normal 
depolarizing conditions, showing intracellular calcium? 


decreased intracellular calcium. 
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BRIEF SUMMARY 
NIMOTOP® (nimodipine/Miles) CAPSULES 
For Oral Use 


INDICATIONS AND USAGE 

_ Nimotop” (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients 
who are in good neurological condition post-ictus (e.g. Hunt and Hess Grades HH). Oral 
Nimotop therapy should begin within 96 hours of the subarachnoid hemorrhage and continue 
for ays. 


CONTRAINDICATIONS 


None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
rhage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and pulse rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

Laboratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinical trials. 

rcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 91-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 mg/kg/day when aieninisteted daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg 
patient. 

ney: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by 
gavage) doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an increased incidence 
of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryo- 
toxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
30 mg/kg/day nimodipine administered by gavage from day 16 of gestation and continued until 
sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses. 
Nimodipine should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus, 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given nimodipine. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 
are displayed below by dose. 


DOSE q4h 
Number of Patients (%) 


Nimodipine Placebo 
0.35 mg/kg 30 mg & mg 90 mg 120 mg 

Sign/Symptom (n= 82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Decreased 

Blood Pressure 1 (4.2) (è 19 (3.8) {8D 2(50.0) 6(2) 
Abnormal Liver 

Function Test 1 (1.2) ô 2 (0.4) 1(06 0 TL5) 
Edema 0 Q 2 (0.4) 212) 0 3(0.6) 
Diarthea o 3 (4.2) 0 317) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 27(12) 0 3 (0.6) 
Headache 0 1{1.4) (L2) o 0 140.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 2(12) 0 (t 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
, 0.35 mg/kg 30 mg 60 mg 90 mg 120 mg ant 
Sign/Symptom (n= 82) (n=71) (n= 494) (m= 172) (n=4) (n= 479)" 
Nausea 1 (1.2) 1 (1.4) 6(1.2) 1(0.6) 0 (U 
Dyspnea 1(41.2) 0 0 
EKG 
Abnormalities 0 1(1.4) 0 1(0.6) 0 0 
Tachycardia 0 1(1.4) 0 0 0 0 
Bradycardia 0 0 5{1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 o 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
qth, 30 mg q4h or 120 mg qth. Adverse experiences with an incidence rate of less than 1% in the 
60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity;lighthead - 
edness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg qh dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included “er 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel Mockere It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers, Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism fave been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.39%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 
reported rarely. 


OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symp- 
toms of overdosage would be expected to fe related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 


DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimorop® therapy should commence within 96 hours of the subarachnoid hemorrhage. ; 

Ifthe capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
a hole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 
Caa: Dosage houli be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
and heart rate. 
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. Acute Pseudobulbar or Suprabulbar Palsy 


G. Besson, MD; J. Bogousslavsky, MD; F. Regli, MD; P. Maeder, MD 


@ We studied 13 patients with supranu- 
clear lower cranial nerve (‘‘pseudobulbar”’ 
or “suprabulbar’”’) palsy of acute onset. 
While seven patients had had a prior 
stroke, six patients had no history of 
stroke, Eight patients experienced a com- 
plete bilateral supranuclear lower cranial 
nerve palsy, which was isolated in five pa- 
tients and associated with hemiplegia and 
with hemiparesis in three patients. 
Pseudobulbar palsy was partial in five pa- 
tients. Only one patient had neuropsycho- 
fogic impairment. The pseudobulbar fea- 
tures improved or recovered within a few 
weeks in all patients. The common char- 
acteristic of the lesions on computed to- 
mography or magnetic resonance imaging 
was the interruption of the corticonuclear 
pathways contrasting with marked sparing 
of the corticospinal pathways in both 
hemispheres. These lesions were either an 
opercular infarct, or a deep infarct in the 
corona radiata or internal capsule, or a 
lenticular hemorrhage. Hypertension was 
the most prevalent concomitant. Our find- 
ings suggest that acute pseudobulbar or 
suprabulbar palsy has rather stereotyped 
anatomic-vascular correlates and time 
course. 

(Arch Neurol. 1991;48:50 1-507) 


The term pseudobulbar palsy was 

coined in 1877 by Lépine’ to differ- 
entiate lower cranial nerve palsy in- 
duced by supranuclear lesions from 
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bulbar palsy related to bulbar nuclei 
lesions. Supranuclear lesions included 
corticobulbar and corticopontine path- 
way lesions. However, in 1837, Mag- 
nus’ reported the first case of pseudo- 
bulbar palsy due to multiple infarcts 
and a few other cases have also been 
reported* Several clinical and ana- 
tomic studies were performed at the 
beginning of the 20th century, and in 
his 1929 thesis Thurel’ summarized the 
current knowledge at that time. He di- 
vided pseudobulbar palsy into three 
forms. The cortical form (Foix-Cha- 
vany-Marie syndrome) was charac- 
terized by a faciopharyngoglossomas- 
ticatory diplegia with automatic vol- 
untary dissociation. In the striatal 
form, the same features were associ- 
ated with pyramidal signs, emotional 
lability, and intellectual impairment. 
The pontine form was characterized by 
faciopharyngoglossomasticatory di- 
plegia associated with emotional labil- 
ity, pyramidal and sometimes cerebel- 
lar signs, and by a lack of dementia. 
The term pseudobulbar was descrip- 
tive. In 1940, Langworthy and Hesser’ 
coined the term supranuclear bulbar 
paralysis with reference to the supra- 
bulbar location of lesions. Because the 
facial nucleus and the trigeminal mo- 
tor nucleus are in the pons and pa- 
tients may present facial diplegia or 
masticatory palsy, the terms supranu- 
clear pontobulbar palsy or corticobul- 
bopontine palsy are more appropriate. 
It may be easier to use the term su- 
prabulbar palsy, as suggested by Loeb 
et al.’ However, contrary to pseudo- 
bulbar all these terms fail to identify 
the bulb as the location of the symp- 
toms. Also due to historic reasons, the 
term pseudobulbar is more widely used 
than suprabulbar. 


In most patients, pseudobulbar 


palsy developed by fits and starts in 
relation to multiple recurrent strokes. 
We studied 13 patients in whom 
pseudobulbar palsy developed acutely. 


PATIENTS AND METHODS 


Patients were identified among 1800 
stroke patients from the prospective Lau- : 
sanne (Switzerland) Stroke Registry.’ 
Seven patients had had a stroke prior to 
acute pseudobulbar palsy (group 1), while in 
six patients, acute pseudobulbar palsy de- 
veloped without prior stroke (group 2). 
Computed tomography (CT) or magnetic 
resonance imaging (MRI) were performed 
in all patients, as well as extracranial Dop- 
pler ultrasound, electrocardiogram, stan- 
dard blood tests, and neuropsychologic ex- 
amination with a standard battery of 
tests.’° Transcranial Doppler ultrasounds 
were performed in seven patients and cere- 
bral angiography (Seldinger technique) 
was performed in one patient. Bidimen- 
sional echocardiography was performed in 
three patients. Vascular concomitants, 
such as hypertension (blood pressure 
higher than 160/90 mm Hg at least twice 
before the stroke), diabetes mellitus (fast- 
ing serum glucose concentration higher 
than 5.6 mmol/L), hypercholesterolemia 
(cholesterol higher than 6.5 mmol/L), and 
history of cigarette smoking were analyzed 
following the guidelines of the Lausanne 
Stroke Registry” 


REPORT OF CASES 


Case 1.—A 79-year-old man with a his- 
tory of hypertension, atrial fibrillation, and 
aortic valve prosthesis experienced a left 
central facial paresis, which recovered over 
1 month. A year later, he suddenly devel- 
oped dysphagia and dysarthria. On admis- 
sion, his blood pressure was 250/130 mm 
Hg. A left lower facial weakness was noted, 
while facial sensation was normal and cor- 
neal reflexes were symmetrical. We noted 
that his soft palate drooped bilaterally and 
the gag reflex was absent. Tongue move- 
ments were slowed with impaired protru- 
sion. Examination of the sternocleidomas- 
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toid and trapezius muscles was normal. Jaw 
reflex was brisk. The patient was dysarthric 
and had a hypernasal voice. He chewed and 
swallowed with difficulty. No motor or sen- 
sory deficit was present in the limbs and 
trunk. Plantar responses were flexor. Re- 
sults of a neurologic examination, 2 weeks 
after the onset, were normal. 

Case 2.—A 71-year-old hypertensive and 
diabetic woman experienced right-sided 
weakness lasting for 30 minutes. A month 
later, she suddenly developed right-sided 
weakness and numbness that improved 
during the following day. The next morn- 
ing, she lost consciousness and fell down. 
On awakening, she had a left-sided sensory- 
motor hemiparesis. On admission, her 
blood pressure was 210/100 mm Hg. Left 
lower facial weakness was noted. Sensory 
examination of her face and mouth was 
normal and corneal reflexes were symmet- 
rical. The voice was low pitched, but there 
was no dysarthria. Pharyngeal motility, 
gag reflex, and swallowing were normal. 
Tongue movements were slowed and lim- 
ited in range. Examination of the sterno- 
cleidomastoid and trapezius muscles was 
unremarkable. Jaw and palmomental re- 
flexes were brisk. Left-sided spastic hemi- 
paresis with brisk tendon reflexes and Ba- 
binski’s sign was present. Sensation was 
decreased for touch, pinprick, position 
sense, graphesthesia, and pallesthesia on 
the left side. The patient was discharged 
after 2 weeks with only a persisting left 
hemiparesis. 

Case 3.—A 40-year-old woman suffered a 
stroke with left hemiplegia. One year later, 
she was hospitalized in another institution 
for clonic movements of the lips followed by 
a generalized tonicoclonic seizure. On ad- 
mission, 5 days after the seizure, her blood 
pressure was 130/80 mm Hg. Neurologic 
examination showed a severe facial diple- 
gia, the mouth was open and she dribbled. 
Jaw reflex was brisk. Facial and buccal 
sensation were normal. The soft palate was 
immobile and the gag reflex was absent. She 
was unable to chew, to swallow, to speak, or 
to protrude her tongue. The sternocleido- 
mastoid muscle was bilaterally weak. She 
had episodes of laughing and crying. The 
rest of the neurologic examination showed 
a left spastic hemiparesis with brisk tendon 
reflexes and Babinski’s sign. She was dis- 
charged 6 weeks after the onset with only a 
mild improvement of the facial diplegia. 

Case 4,—A 70-year-old hypertensive 
woman was admitted for sudden headaches 
followed by dysphagia and dizziness. Eight 
years before, she had experienced a left 
hemiplegia with left-sided sensory impair- 
ment. The hemiplegia had completely re- 
covered, but she continued to complain of 
pins and needles sensation on the left side. 
On admission, her blood pressure was 190/ 
120 mm Hg. Corneal reflex and facial pain 
and temperature sensation were decreased 
on the left side. Left lower facial weakness 
was present. Examination of the palate and 
tongue was normal, but she was unable to 
swallow and frequently coughed on her sa- 
liva. The gag reflex was present. The ster- 
nocleidomastoid and trapezius muscles 
were normal. The remainder of the neuro- 
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Table 1.—Radiologic Findings* 


Patient Right Hemisphere 


Left Hemisphere 








SDI in rostral part of posterior limb of IC 


SDI in rostral part of posterior limb of IC 





SD! in rostral part of posterior limb of IC 


SDI in rostral part of posterior limb of IC 





Opercular superficial MCA infarct 


Opercular superficial MCA infarct 





Multiple SDI 








Muitiple SDI 





SD! in medial part of CR 


SDI in medial part of CR 





SDI in anterior part of CR 


SDI in medial part of CR 





Lenticulocapsular hemorrhage 





Opercular superficial MCA infarct 





Cini aia] alarm 


SDI in posterior part of CR 


SDI in medial part of CR 





SDI in rostral part of posterior limb of IC 


SDI in rostral part of posterior limb of IC 





Opercular superficial MCA infarct 


SDI in medial part of CR 





Ports eer 
aJQLO} a 


Opercular superficial MCA infarct 
SDI in genu limb of internal capsule 
SDI in medial part of CR 





SDI in medial part of internal capsule 
SDI in genu of internal capsule 
Opercular superficial MCA infarct 





* SDI indicates small, deep infarct; CR, corona radiata; IC, internal capsule; MCA, middie cerebral artery; and 


new lesion is italicized. 


logic examination showed mild weakness of 
the left arm and leg, brisk tendon reflexes, 
and left-sided Babinski’s sign. The patient 
was discharged 4 weeks after the onset with 
a mild dysphagia. 

Case 5.—A 74-year-old man with a his- 
tory of hypertension, diabetes mellitus, and 
hypercholesterolemia was admitted for 
sudden dysarthria and dysphagia. Two 
years before, he had been seen in our 
department for a right ataxic hemiparesis. 
On cranial nerve examination at that time, 
he had rightward deviation of the tongue on 
protrusion. Computed tomography showed 
a small, deep infarct in the left capsulotha- 
lamic area. Six months later, he was read- 
mitted for a right motor hemiparesis. Com- 
puted tomography showed a second small 
infarct in the medial part of the left corona 
radiata. Clinical recovery was complete and 
the patient remained asymptomatic for 18 
months. On the present admission, his 
blood pressure was 170/100 mm Hg. Left 
lower facial weakness was present, while 
sensory examination of face was normal. 
He had severe dysphagia and dysarthria. 
The soft palate was weak bilaterally. Ex- 
amination of the tongue, trapezius, and 
sternocleidomastoid muscles was normal. 
He had left mild hemiparesis without Ba- 
binski’s sign. The patient recovered from 
the hemiparesis within 2 months, while the 
other signs persisted. 

Cast 6.—A 76-year-old hypertensive dia- 
betic man with a history of shunted hydro- 
cephalus developed a right hemiparesis. 
Cranial nerve examination was normal, CT 
showed a left capsular infarct. He was left 
with mild hemiparesis until 4 years later 
when he was admitted for sudden dyspha- 
gia and dysarthria. On admission, his blood 
pressure was 160/100 mm Hg. Neurologic 
examination showed facial diplegia without 
facial sensory abnormality or corneal re- 
flex asymmetry. The jaw reflex was very 
brisk. The soft palate drooped bilaterally, 
more so on the left side, and the gag reflex 
was abolished. The patient was unable to 
chew and to swallow, and he had severe 
dysarthria. On protrusion, the tongue devi- 
ated to the left. The left hemiparesis was 


still present and plantar response was ex- 
tensor bilaterally. The patient was dis- 
charged after 2 months with persisting fa- 
cial diplegia, bilateral soft-palate weak- 
ness, and dysarthria. 

CASE 7.—A 73-year-old hypertensive man 
with a history of myocardial infarction 
suffered a left middle cerebral artery in- 
farction with right sensory motor hemiple- 
gia and aphasia. Angiography showed a 
50% stenosis of the left internal carotid ar- 
tery. Five years later, left internal carotid 
occlusion was discovered on a Doppler 
checkup. Nine years later, he was admitted 
for sudden mutism. On admission, his blood 
pressure was 170/90 mm Hg. Neurologic 
examination showed facial diplegia. Eye 
closure was weak, while the corneal reflex 
was asymmetric but present. The mastica- 
tory muscles were weak bilaterally. The 
patient’s mouth remained open and he drib- 
bled. He was mute and could not swallow. 
The jaw reflex was brisk. The palate was 
immobile and drooped. The gag reflex was 
absent. Tongue protrusion was markedly 
weak without deviation. Bilateral weakness 
of the sternocleidomastoid and trapezius 
muscles was present. The remainder of the 
neurologic examination was normal, in- 
cluding plantar responses. Two months af- 
ter the onset, the patient could swallow and 
speak. His voice was dysarthric and all 
other signs persisted. 

Case 8.—A 77-year-old hypertensive 
woman was admitted for sudden left hemi- 
plegia. On admission, her blood pressure 
was 140/80 mm Hg. She had a vertical gaze 
paresis, while her horizontal gaze was nor- 
mal. There was a left lower facial paresis 
without abnormal facia] sensation. The soft 
palate was immobile and the gag reflex was 
absent. There was a leftward deviation of 
the tongue on protrusion. The left trapezius 
and sternocleidomastoid muscles were 
weak. Swallowing was impaired and the 
voice was hoarse. Left hemiplegia and right 
hemiparesis were present. Tendon reflexes 


were brisk and plantar responses were ex- © 


tensor bilaterally. The patient was dis- 
charged after 4 weeks. The left hemiplegia 
persisted unchanged, while the right hemi- 
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paresis and other signs improved. 

Case 9.—A 55-year-old man experienced 
mild head trauma without loss of conscious- 
ness, but he subsequently complained of 
dysphagia and dysarthria. On admission, 8 
days later, his blood pressure was 240/130 
mm Hg. A right lower facial paresis was 
noted, Sensory examination of the face and 
soft palate was normal. Tongue movements 
were slowed and decreased in amplitude. 
Swallowing was difficult, but pharyngeal 
motility and gag reflex were normal. The 
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patient had dysarthria and his voice was 
hypernasal. The remainder of the neuro- 
logic examination was normal, including 
plantar responses. The patient improved 
over 2 weeks and was discharged with per- 
sisting dysarthria. 

Cask 10.—A 71-year-old hypertensive 
woman experienced transient dysarthria. 
Two days later, she developed progressive 
left hemiparesis. One day later, she devel- 
oped sudden dysarthria and severe dyspha- 
gia. On admission, her blood pressure was 


T 


Fig 1.—Group 1. Computed tomographic or magnetic resonance imaging findings (R indicates right; L, left; and arrows point to the lesions). Number 
1 through 7 refer to patients 1 through 7 mentioned in Table 1. 
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140/90 mm Hg. Severe facial diplegia was 
present. The jaw reflex was brisk. Left 
facial hypesthesia for touch, pain, and tem- 
perature was present. The left corneal re- 
flex was absent. The soft palate drooped bi- 
laterally and the gag reflex was abolished. 
Tongue protrusion was slow and weak. The 
patient was dysarthrie, with a low-pitched 
voice. She was unable to chew and to swal- 
low. Left hemiparesis with brisk tendon re- 
flexes and left-sided Babinski’s sign was 
present. Pinprick and temperature sensa- 
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Fig 2.—-Group 2. Computed tomographic or magnetic resonance imaging findings (R indicates right; L, left; and arrows point to the lesions). Number 
8 through 13 refer to patients 8 through 13 as mentioned in Table 1. 
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* FP indicates facial paralysis; PP, palate paralysis: GR, gag reflex; TP, tongue paralysis; DR, dysarthria; DP. 
dysphagia; JR, jaw reflex; XI, Xith nerve palay; AHP, ataxic hemiparesis; PMH, pure motor hemiparesis; M, male; 
F, female: A, abolished: B, bilateral; P, present; L, left: N, none; R, right: plus sign, present, and minus sign, ab- 


sent. 


tion were reduced on the left side. The dys- 
phagia completely recovered within 2 
months, while mild hemiparesis and the 
other signs persisted. 

Case 11.—A 63-year-old hypertensive 
woman had a 46-year history of left partial 
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motor seizures starting in the left arm and 
sometimes followed by generalized clonic 
movements. She was admitted for sudden 
dysphagia and dysarthria. On admission, 
her blood pressure was 146/90 mm Hg. 
There was a facial diplegia. Her mouth re- 


mained open and she dribbled. The mas- 
seter muscles were weak. The jaw reflex was 
brisk. The soft palate drooped and she had 
decreased sensation on the right side. The 
gag reflex was absent. Motility of the vocal 
cords was normal on laryngeal examina- 
tion. Tongue movements were severely lim- 
ited in range and in strength. The patient 
was unable to chew and to swallow and her 
voice was low pitched and hypernasal. The 
rest of the neurologic examination was 
normal except for a mild left pronator drift. 
Plantar responses were bilaterally flexor. 
The patient improved over 3 weeks and was 
discharged with only a moderate left palate 
and lower facial paresis. 

Cask 12,—A 74-year-old hypertensive 
man with a history of myocardial infarction 
was admitted for sudden dysarthria and 
dysphagia. On admission, his blood pres- 
sure was 150/90 mm Hg. There was a bilat- 
eral lower facial paresis. The jaw reflex was 
brisk. Sensory examination of the face was 
unremarkable and the corneal reflex was 
normal. The soft palate was weak on the left 
side. The gag reflex was abolished. No 
tongue, trapezius, or sternocleidomastoid 
muscle weakness was present. Swallowing 
and chewing were impaired. His voice was 
dysarthric and low pitched. The rest of the 
neurologic examination was normal, in- 
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Table 3.—Vascular Concomitants* 
































































































Cardiac Hyper- Elevated Doppler Doppler 
Patient Disease tension Diabetes Smoking Cholesteroi Extracranial Transcranial 
1 Prosthetic aortic + = ol + Normal Not done 
valve, AF 
2 No + + aa + Normal Not done 
3 No = = + bool Normal Normal 
4 No + TA a ae Normal Not done 
§ No + + - + Normal Normal 
6 No + + = = Normal No detection 
right ACA 
7 Old myocardial + - - - Left ICA Normal 
infarction occlusion 
8 No + ~ + = Normal Normal 
9 . No + A + = Normal Normal 
10 No + ~ - = Right ICA Not done 






occlusion 














No 





Normal 





Normal 








Old myocardial + - 
infarction 


Normal Not done 


















No 





Normal Not done 


* AF indicates atrial fibrillation; ACA, anterior cerebral artery; ICA, internal carotid artery; plus sign, present; 
and minus sign, absent. 


cluding plantar responses. The patient im- 
proved over 2 weeks and was discharged 
with persisting mild dysarthria. 

Case 13.—An 81-year-old hypertensive 
man was admitted for sudden dysarthria. 
On admission, his blood pressure was 180/ 
80 mm Hg. Bilateral facial paresis was 
present. He could not close his eyes volun- 
tarily, while corneal reflex was normal. The 
jaw reflex was brisk. No sensory deficit was 
noted over the face. The soft palate was 
paralyzed, and the gag reflex was abolished. 
The patient was unable to speak, to swal- 
low, to chew, or to move his tongue. The rest 
of the neurologic examination showed a 
right hemiplegia with right-sided Babin- 
ski’s sign. The patient improved over 5 
weeks and was left with mild paresis of the 
right hand and dysarthria. 


RESULTS 
CT and MRI Findings (Table 1) 


In group 1 (Fig 1), bilateral small, 
deep infarcts were found in four pa- 
tients, involving the rostral part of the 
posterior limb of the internal capsule 
in patients 1 and 2, and the corona ra- 
diata in patients 5 and 6. A bilateral 
superficial middle cerebral artery ter- 
ritory infarct involving the opercular 
region was found in patient 3. A su- 
perficial middle cerebral artery terri- 
tory infarct was associated with a con- 
tralateral capsulolenticular hemor- 
rhage in patient 7. In patient 4, 
multiple periventricular small, deep 
infarcts were found. The old previously 
asymptomatic lesion was a deep in- 
farct in five patients (patients 1, 2, 4, 5, 
and 6) and was a superficial middle ce- 
rebral artery territory infarct in two 


* patients (patients 3 and 7). 


In group 2 (Fig 2), bilateral deep in- 
farets. were found in three patients, 
involving the corona radiata in patient 
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8, the rostral part of the posterior limb 
of the internal capsule in patient 9, and 
the genu of the internal capsule in pa- 
tient 12. A superficial middle cerebral 
artery infarct involving the opercular 
region was associated with a con- 
tralateral deep infarct in patients 10, 
11, and 13. 


Clinical Features (Table 2) 


There were seven men and six 
women ranging in age from 40 to 81 
years old. Five patients experienced 
an isolated complete faciopharyn- 
goglossomasticatory palsy (patients 1, 
6, 7, 11, and 12). Three patients experi- 
enced a faciopharyngoglossomastica- 
tory palsy with hemiparesis (patients 
3, 10, and 13). In five patients (patients 
2, 4, 5, 8, and 9), the pseudobulbar palsy 
was only partial. One patient had in- 
voluntary laughing and crying (pa- 
tient 3). None had trismus. 

Neuropsychologie examination"? 
was normal except in patient 2. This 
patient was unable to realize Luria 
conflicting tasks and sequential 
rhythms. The results of Raven PM 38 
were abnormal (14 points). Recogni- 
tion of face was impaired (15/27, Ben- 
ton). Visual learning was severely im- 
paired (23 of 40, learning of faces; 8 of 
40, learning of countries). 

The most common vascular concom- 
itant was hypertension (11 of 13) (Ta- 
ble 3). Symptomatic heart disease was 
present in three patients, diabetes 
mellitus in three patients, and hyper- 
cholesterolemia in four patients. Ex- 
tracranial Doppler ultrasound results 
showed internal carotid artery occlu- 
sion in two patients and was unre- 
markable in all other patients. Trans- 








cranial Doppler ultrasound results _ 
showed no detection of the right ante- 

rior cerebral artery in one patient and | 
was normal in six patients. E 


COMMENT 


Pseudobulbar or suprabulbar palsy 
developed acutely in all our patients. 
Although some patients have been 
presented, >" the acute onset of 
pseudobulbar palsy is considered un- 
usual. This acute onset may be ex- 
plained by an acute damage to cortico- 
nuclear fibers on one side when con- 
tralateral corticonuclear fibers have 
been previously interrupted. This pre- 
vious lesion may have been symptom- 
atic (group 1) or asymptomatic (group 
2). Actually, unilateral stroke limited 
to corticonuclear pathways may be 
asymptomatic if it is small and re- 
spects the corticospinal tract. When 
symptomatic, unilateral corticonu- 
clear pathway damage usually pro- 
duces only lower facial weakness. This 
may be explained by the classic notion 
that corticonuclear pathways project 
bilaterally toward cranial nerve nu- 
clei, except to the lower facial nucleus. 

Supranuclear innervation of the 
tongue may also be mainly unilateral. 
After his first stroke, patient 5 had a 
supranuclear palsy of the right XIIth 
cranial nerve associated with a small 
infarct in the medial part of the left 
corona radiata. Some other cases of 
deep lesions producing a supranuclear 
palsy of the XIIth cranial nerve have 
been described previously, +" and 10% 
of small, deep infarcts of the carotid 
artery territory may have contralat- 
eral tongue paresis.” More uncom- 
monly, patients with unilateral palatal 
palsy” or unilateral vocal cord palsy” 
have been described in association 
with a deep infarct involving cortico- 
nuclear pathways in the internal cap- 
sule or corona radiata. Trapezius or 
sternocieidomastoid muscle palsy has 
rarely been reported in pseudobulbar 
palsy.” 

Three of our patients had XIth cra- 
nial nerve palsy, which was bilateral in 
two (patients 3 and 7) and unilateral in 
one (patient 8). In both patients with 
bilateral XIth cranial nerve palsy, one 
had superficial middle cerebral artery 
territory infarction on both sides and 
the other had a superficial middle ce- 
rebral artery territory infarct associ- 
ated with a contralateral capsulolen- 
ticular hemorrhage. In the patient 
with unilateral left supranuclear XIth 
cranial nerve palsy, MRI showed a 
deep infarct in the posterior part of the 
right corona radiata near the lateral 
ventricule and a small, deep infarct in 
the medial part of the contralateral 
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corona radiata. The supranuclear in- 
nervation to the XIth cranial nerve is 
controversial. Either a direct un- 
crossed innervation? or a double 
decussation® have been suggested. Pa- 
tients with hemiplegia due to hemi- 
spheric lesions had weakness of the 
sternocleidomastoid muscle ipsilat- 
eral to the lesion,” which suggested 


that this muscle is controlled by the 
ipsilateral hemisphere. This is in con- 
tradiction with reports of presumed 
unilateral opercular syndrome with 
unilateral contralateral pseudobulbar 
palsy of the fifth, seventh, and ninth 
through XIIth cranial nerves.*?8! 
However, none of these patients un- 
derwent autopsy, CT, or MRI studies. 
Rousseaux et al” have described a pa- 
tient with unilateral facial, masseter, 
palatal, and pharyngeal palsy induced 
by a small infarct in the genu of the 
contralateral internal capsule. How- 
ever the authors did not find sterno- 
cleidomastoid or trapezius muscle 
weakness, suggesting that the supra- 
nuclear pathway of the XIth cranial 
nerve was either spared or came from 
the ipsilateral hemisphere. 

Five patients experienced an iso- 
lated faciopharyngoglossomasticatory 
palsy that has been mainly reported 
in bilateral frontal operculum le- 
sions. However, none of our pa- 
tients had a bilateral operculum lesion 
on CT or MRI. In three patients, a 
bilateral deep infarct was found 
(patients 1, 6, and 12). A superficial 
middle cerebral artery infarct was as- 
sociated with a contralateral deep in- 
farct in one patient (patient 11) and 
with a contralateral lenticulocapsular 
hemorrhage in another patient 
(patient 7). A sixth patient experi- 
enced a faciopharyngoglossomastica- 
tory palsy with unilateral mild hemi- 
paresis in relation to a superficial mid- 
dle cerebral artery infarct involving 
the operculum and contralateral deep 
infarct (patient 10). Bilateral facio- 
pharyngoglossomasticatory palsy has 
rarely been reported with nonopercu- 
lar lesions. In 1884, Raymond and 
Artaud” presented a 67-year-old man 
with faciopharyngoglossomasticatory 
palsy and mental impairment; a bilat- 
eral hemorrhage involved the lateral 
part of both lenticular nuclei and the 
anterior arm of both internal capsules. 
In 1898, Tournier* described a patient 
with bilateral faciopharyngoglosso- 
masticatory palsy associated with tris- 
mus and left arm monoplegia; at au- 
topsy, he found a right opercular in- 
farct and two left deep infarcts 
involving the superomedial part of the 
thalamus and the lenticular nucleus. 
In 1979, Fisher* presented a patient 
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(case 5) with faciopharyngoglosso- 

masticatory palsy and mild right 
hemiparesis; at autopsy, he found bi- 
lateral deep infarcts situated in the 
genu of the internal capsules. In 1985, 
Leys et al’ described a patient with 


bilateral faciopharyngoglossomasti- 
catory palsy due to an infarct in the 
upper part of the genu of the internal 
capsule on both sides on CT. In 1988, 
Starkstein et al”? presented a patient 
with bilateral faciopharyngoglosso- 
masticatory palsy, aphemia, left hemi- 
paresis, and left hemineglect; at au- 
topsy, they found a unilateral infarct 
involving the right insula, while the 
left hemisphere, the brain stem, and 
the cerebellum appeared normal. 
These previous reports and our find- 
ings confirm that bilateral faciopha- 
ryngoglossomasticatory palsy may re- 
sult from bilateral frontal operculum 
involvement, but they also suggest 
that bilateral damage to corticonu- 
clear pathways sparing pyramidal 
pathways may not be uncommon. 

Six patients had a pseudobulbar 
palsy produced by bilateral deep in- 
farcts. However, only one had neu- 
ropsychologie impairment (patient 2) 
and none had forced laughing and cry- 
ing, which have been usually reported 
in chronic pseudobulbar palsy from 
striatocapsular involvement. On the 
other hand, involuntary laughing and 
crying was present in one patient who 
had bilateral cortical infarcts (patient 
3). Involuntary laughing and crying is 
uncommon in the chronic form of 
pseudobulbar palsy due to cortical 
lesions.“ Involuntary laughing and 
crying is supposed to result from de- 
creased inhibition over centers con- 
trolling emotional facial movements.* 
Centers and pathways involved in 
laughing and crying are yet unknown. 
Yarnell* postulated that involuntary 
laughing and erying in right-handed 
patients corresponded to a lesion in- 
terrupting connections between the 
right middle cerebral artery territory 
and the left pons. Recently, a patient 
with isolated involuntary laughing 
and crying induced by a small brain- 
stem vascular malformation was de- 
scribed.” Lack of pseudobulbar sign 
suggested that corticonuclear tract le- 
sions are not necessary to produce 
these symptoms. 

The most prominent vascular con- 
comitant was hypertension in our pa- 
tients. Three patients (patients 1, 7, 
and 12) had a potential cardiac source 
of embolism. These three patients 
were also hypertensive, one had hyper- 
cholesterolemia (patient 1) and one 
was a smoker. Among these three pa- 
tients, two had bilateral small, deep 


infarcts (patients 1 and 12) and one 
had a superficial middle cerebral ar- ` 
tery territory infarct associated with a 
contralateral lenticulocapsular hem- 
orrhage. Extracranial vascular abnor- 
malities were found in two patients 
(patients 7 and 10) who were also hy- 
pertensive. Therefore, acute pseudo- 
bulbar palsy may identify a subgroup 
of patients in whom large-artery dis- 
ease and cardioembolism are an un- 
likely cause for stroke. 

Our findings suggest that acute 
pseudobulbar palsy, either with or 
without prior stroke, may be more 
common than what the recent litera- 
ture suggests. It may be associated 
with infarct or hemorrhage involving 
the frontal opercular region or the 
corticonuclear pathways in both cere- 
bral hemispheres, but largely sparing 
the corticospinal pathways. 
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TEC A DG32 Redefining the shape of EEG 


In 1924 Hans Berger first E 
recorded the electrical activity 
of the brain. EEG was born. 
Instruments were designed and 
developed, but from the mid 
50’s—almost 35 years— 
technology and equipment have 
remained the same ...Until 
now! As a new decade dawns, 
TECA introduces the DG32— 
the next dimension in EEG. 
The DG32 offers a variety < 
of improved features and 
revolutionary techniques ... 
optical disc storage 
dramatically reduces storage 
needs and allows easy 
remontaging and reformatting; 
high resolution thermal 
printing eliminates mess and 
the need to recalibrate; 
comprehensive reporting 
capabilities: state of the art 
controls and ergonomic design. 


The TECA DG32 is truly * 
a breakthrough for EEG 
technology. Developed and 
manufactured in the USA by 
TECA Corporation—a leader 
in the neurodiagnostic industry, 
providing a full line of 
accessories and supplies, and 
backed by a nationwide net- 
work of service and support. 
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Regional Cerebral Blood Flow 
in Developmental Stutterers 


Kenneth D. Pool, MD; Michael D. Devous, Sr, PhD; Frances J. Freeman, PhD; 


Ben C. Watson, PhD; Terese Finitzo, PhD 


è Stuttering is a poorly understood 
communication disorder with a 1% global 
prevalence. Recently, there has been a re- 
surgence of interest in a neurogenic origin 
for the disorder, although no research has 
established clear neurological differences 
between “developmental” (stuttering on- 
set in childhood) stutterers and nonstut- 
terers. We have used xenon 133 single- 
photon emission computed tomography to 
study regional cerebral blood flow (rCBF) 
in 20 stutterers. Analysis revealed global, 
absolute flow reductions. Relative flow 


‘asymmetries (left < right) were identified 


in three hemispheric regions: anterior cin- 
gulate and superior and middie temporal 
gyri. Milder changes were found in the left 
inferior frontal gyrus. Stutterers had rCBF 
values below median for either anterior 
cingulate or middie temporal gyri. With 
one exception, severe stutterers had rCBF 
values below median for the anterior cin- 
gulate gyrus. All stutterers with rCBF val- 
ues above median in the cingulate gyrus 
had rCBF values below median in the mid- 
die temporal gyrus, and severity of their 
disorder was either mild or moderate. Our 
findings suggest that stuttering is a neu- 
rogenic disorder involving recognized cor- 
tical regions of speech-motor control. 
(Arch Neurol. 1991;48:509-5 12) 


S tuttering is a disruption in the flu- 

ency of verbal expression charac- 
terized by involuntary audible or silent 
repetitions or prolongations in the ut- 
terance of short speech elements, eg, 
sounds, syllables, and words of one 
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syllable.’ According to Shames,’ nearly 
1% of American adults and children 
stutter. For one person in 300, stutter- 
ing constitutes a severe communica- 
tion disorder. 

Both psychogenic and neurogenic 
origins have been proposed for stut- 
tering. In the 19th century, a number 
of authorities offered neurological the- 
ories of stuttering (as reviewed by Van 
Riper’). Kussmaul* viewed stuttering 
as an aphasia that produced a syllabic 
dysarthria characterized by a lack of 
coordination of voice, respiration, and 
articulation. Based on a series of case 
studies of aphasic (acquired) stutter- 
ing, Gutzmann’ considered stuttering 
a result of a deficiency in the cerebral 
cortex that impaired syllabie coordi- 
nation. In the 1980s, we have seen a re- 
emergence of interest in stuttering 
secondary to nervous system damage, 
especially “acquired” stuttering sub- 
sequent to head trauma and stroke. 
There remains, however, no conclusive 
evidence of a neurogenic basis for 
developmental (onset in childhood) 
stuttering.’ 

A number of current theories repre- 
sent experimentally based elabora- 
tions of these early speculations, and 
they alternatively view stuttering as a 
sequencing and timing disorder,’ as a 
temporal programming disorder,’ as a 
prosodic disorder,” and as a cognitive- 
linguistic disorder.” In attempting to 
reconcile divergent stuttering theo- 
ries, as well as experimental results, 
heterogeneous models have been pro- 
posed.” Recent evidence from studies 
of speech-motor control in stutterers 
provide some evidence that severe 
stutterers differ from mild and mod- 
erate stutterers along the parameters 
that could coincide with differences 
in underlying neuropathophysiologic 
causes.” 

Alterations in brain function, as re- 





flected by cerebral blood flow or me- 
tabolism, might provide a sensitive 
tool for elucidation of neurologic func- 
tion in stuttering and for differentia- 
tion of clinical subgroups. Wood et al" 
investigated patterns of regional cere- 
bral blood flow (rCBF) in two stutter- 
ers. Subjects read aloud while receiv- 
ing and not receiving haloperidol med- 
ication. In both cases, stutterers 
showed reduced cortical blood flow to 
Broca’s area compared with the ho- 
mologous area of the right hemisphere 
while not receiving haloperidol. When 
the stuttering subjects were fluent 
(when taking haloperidol medication), 
greater flow was observed in the left 
hemisphere compared with the right. 
The present article reports the rCBF 
patterns in 20 adult developmental 
stutterers who were studied using xe- 
non 133 single-photon emission com- 
puted tomography (SPECT). The pur- 
pose of the study was to determine 
whether rCBF in stutterers differed 
from that in normal subjects and 
whether rCBF differences were related 
to differences in stuttering severity. 


SUBJECTS AND METHODS 
Subjects 


Twenty adult stutterers (19 male and one 
female) provided informed consent to par- 
ticipate in this study according to the guide- 
lines of our Institutional Review Board. 
Age of subjects ranged from 24 to 59 years 
(mean age, 37 years). Nine subjects began 
stuttering in early childhood (before age 5 
years); nine subjects began in later child- 
hood (between 5 and 12 years of age); and 
two subjects reported postpuberty onset. 
Twelve subjects reported a family history 
of stuttering. These 12 included one set of 
twins and one set of brothers. Not counting 
these siblings, eight subjects had a positive 
family history of stuttering. Two subjects 
were left-handed and 18 were right-handed. 
All subjects had received some form of 
speech therapy, ranging from a few ses- 
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sions to over 7 years of therapy. Five 


subjects were receiving speech therapy 
when studied. 

- Seventy-eight age-matched subjects se- 
lected from 97 previously described labora- 
tory subjects were used for comparison 
with the 20 stutterers. Laboratory control 
subjects had an average age of 33 years 
` (range, 20 to 59 years), and they were 
screened by history for significant neu- 
rologic involvement including transient 
ischemic attack, stroke, head trauma, di- 
abetes, hypertension, and psychiatric dis- 
orders. They were not taking any psychoac- 
tive medication. Absolute rCBF values in 
stutterers were compared with those in a 
gender-matched subgroup of 43 subjects 
with a mean age of 40 years (SD, 15 years). 
Flow ratios, which are not gender-sensitive, 
were examined for all 78 control subjects. 


Fluency Evaluation 


For all 20 stutterers, multiple fluency 
measures were analyzed using clinical be- 
havioral assessments.’*!’ Percent dysfluen- 
cy, duration of longest blocks, and second- 
ary symptoms were used in global ratings of 
severity. When these three measures were 
considered, 10 of the 20 stutterers were 
classified as severe, four as moderate, and 
six as mild. 


Magnetic Resonance Imaging 


Magnetic resonance imaging scans were 
unrevealing for 19 of 20 stutterers. One 
subject’s left cervical and intracavernous 
internal carotid artery tould not be visual- 
ized. Possible explanations include occlu- 
sion or dissection or severe hypoplasia. 


rCBF 


The rCBF was measured quantitatively 
in three tomographic cross sections using 
the tomograph (Tomomatic 64 SPECT, 
Medimatic A/S, Copenhagen, Denmark), as 
described by Stokely et al.* This tomograph 
consists of four detector arrays, each con- 
taining 16 sodium iodide (thallium) scintil- 
lation crystals mounted in a hollow-square 
configuration that rotates about the sub- 
ject’s head at 6 rpm. Special focused colli- 
mators define three transverse tomo- 
graphic sections with centers 4 cm apart. 
Xenon 133 was administered in an air/oxy- 
gen mixture (10 mCi/L) by inhalation dur- 
ing the first minute of a 4-minute wash-in/ 
wash-out procedure. The subject breathes 
room air during the remaining 3 minutes of 
the study. During the tomographic mea- 
surement of the cerebral transit of xenon 
138, activity in the lung is monitored by a 
scintillation probe placed over the right 
upper quadrant of the subject’s chest. This 
lung activity is assumed to be proportional 
to the arterial blood concentration of xenon 
133 arriving at the brain. Three tomo- 
graphic cross sections are generated by fil- 
tered back-projection with attenuation cor- 
rection, according to the method of Kay and 
Keyes." TherCBF is calculated according to 
the double-integral method.“” The lung 
curve is used as the input function to the 
Kanno-Lassen algorithm to compensate for 
delivery of tracer by inhalation rather than 
by direct injection into the internal carotid 
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Mean Absolute Regional Cerebral Blood Flow (rCBF) Values in 78 Age-Matched 
Normai Control Subjects and 20 Stutterers 


Mean (SD) Absoiute rCBF, 
mL/min / 100g 


PE AAEE E CEEE TEENE E ODON EESE EE NE E 


Region of interest 


Normal Subjects 


Stutterers 





L superior frontal 

R superior frontai 

L anterior cingulate 

R anterior cingulate 

L middie frontal 

R middie frontal 

L inferior frontal 

R inferior frontal 

L precentral/postcentral 
R precentral /postcentral 
L superior temporal 

R superior temporal 

L middie temporal 

R middle temporal 

L inferior temporal 

R inferior temporal 

L occipital 

R occipital 

L precuneus 

R precuneus 


P Values 


72 (15) 
74 (15) 
76 (16) 
77 (16) 
65 (13) 
68 (13) 
73 (14) 
78 (14) 
76 (14) 
82 (15) 
71 (14) 
76 (14) 
60 (13) 
66 (12) 
47 (41) 
56 (10) 
60 (11) 
68 (12) 
76 (15) 
87 (17) 


52 (10) 
55 (42) 
60 (13) 
64 (15) 
49 (12) 
51 (11) 
55 (13) 
60 (11) 
59 (13) 
62 (12) 
59 (14) 
64 (13) 
50 (13) 
56 (13) 
37 (11) 
45 (13) 
52 (15) 
57 (17) 
64 (11) 
69 (12) 


Regions 


Superior Frontal 
Gyrus 


Middle Frontal 
Gyrus 


Anterior Cingulate 


inferior Frontal 
Gyrus 


Precentral/Postcentral 
Gyrus 


Thalamus 
Supramarginal/ 


Superior Temporal 
Gyr 


‘Middle Temporal 
Gyrus 


Cingulate/Precuneus 


‘Inferior Temporal 
Gyrus 


Occipital 





Fig 1.—Relative flow asymmetries: regions of interest and P values. Points are mean + 1 SD. 


artery.” The rCBF images are displayed in 
a 64X64 matrix, employing a 16-shade 
seale adjusted to range from zero flow to 
maximum flow. Transverse resolution is 1.7 
em, and axial resolution is 1.9 em. 
Subjects were positioned in the tomo- 
graph using a face-marking template so 
that cross sections were obtained 2, 6, and 
10 em above and. parallel to the cantho- 
meatal line. They were studied in the supine 
position, with eyes open, and ears un- 


plugged in a dimly lit room with back- 
ground noise originating. primarily from 
instrument cooling fans. Subjects breathed 
through a fitted mouthpiece while their 
nostrils were occluded ‘by a spring clamp. 
An approximately 2-minute adaptation 
time was allowed prior to initiating the « 
study. Each subject was asked to take a 
deep breath at the beginning of the study, 
after which no further communication oc- 
curred. These’ procedures and values in 
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Middle Temporal Gyrus Relative Flow Asymmetry, % 
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Fig 2.—Relative regional cerebral flow asymmetries by severity of stuttering. 
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Fig 3. — Stuttering severity vs relative flow asymmetry of regional cerebral blood flow. All relative 
asymmetries are relative to median values in normal control subjects. 


normal subjects, reproducibility, intersub- 
ject variability, and asymmetries have been 
described in detail by Devous et al." 


Quantitative rCBF Analyses 


The rCBF images were transferred from 
the V77 computer (Univac) to a PE 3241 
computer (Perkin-Elmer). This system, 
coupled to a graphics tablet (Talos Cyber- 
graph) anda 512 X 512 x 8-bit frame buffer 
(Genisco GCT-3000) with a color monitor 
(Tektronix 670-A-1), is used with an inter- 
active graphics software package to obtain 
rCBF values from images. Stokely et al* 
describe this analysis scheme in detail. 
Briefly, rCBF images are scaled, rotated, 


“and translated to match a predefined stan- 


dard brain outline that includes graphic 
overlay of regions of interest (ROIs) deter- 
mined froma digitized atlas of CT and gross 
pathological specimens (individual CT data 
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are not used). The only operator interface 
required is the identification of the posi- 
tions of major and minor axes on an ellipse 
that is fit to the outer boundary of the rCBF 
image. Regional flows and their SDs are 
obtained from frontal, parietal, superotem- 
poral, occipital, and central gray matter, as 
well as white matter and both hemispheres, 
using the section 6 em above the cantho- 
meatal line. Inferotemporal and cerebellar 
flows are obtained from the section 2 cm 
above the canthomeatal line. The automatic 
fitting routine produces standard scaling 
and reproducible ROIs so that operator in- 
tervention has a minimal effect on results. 
All visual and digitized flow data in the 
current study were generated from section 
two, 6 em above the canthomeatal line, as 
this section best represents major cortical 
ROIs. 

Flow values from ROI analyses were then 





normalized by dividing each region by fhe 
average flow to that hemisphere for beth — 


patients and 78 normal control subjects: = 


Asymmetry was then calculated as (left 
ROI ratio~ right ROI ratio) for both 
groups. Differences between stutterers and 
control subjects were examined by comput- 


ing the asymmetry difference for the study. 


subjects relative to the median value for 
control subjects for each region (referred to 
subsequently as relative low asymmetry). 


Statistical Analysis 


Differences in absolute flow values: be- 
tween groups in 20 cortical ROIs were 
examined by sign test. Relative rCBF asym- 
metries were statistically corrected for 
multiple measures to determine if there 
were focal rCBF reductions in stuttering 
using multiple measurement ¢ tests for 
small sample size. To achieve an experi- 
ment-wise significance of P < .05, the indi- 
vidual measure significance cutoff was set 
at P < 005. | 


RESULTS 


The rCBF was globally reduced in 
stutterers (Table) compared with that 
in both age- and gender-matched nor- 
mal control subjects (mean flow in 
stutterers below mean flow in normal 
control subjects for 20 of 20 atlas- 
derived cortical ROIs; sign test, 
P < .0001). Significant relative flow 
asymmetry (left < right) was found 
for the anterior cingulate (t[96] = 3.2; 
P<.005) and superior ({96] = 2.8; 
P < .005) and middle temporal gyri 
({96] = 3.1; P < .005). Milder asymme- 
try was seen in the inferior frontal gy- 
rus ({[96] = 2.3; P < .01). Results for all 
10 asymmetry flow measures are 
shown in Fig 1. 

Mean relative rCBF asymmetry in 
anterior cingulate and superior and 
middle temporal gyri for normal con- 
trol subjects, and for mild, moderate, 
and severe stutterers is shown in Fig 2. 
Flow asymmetries are present in the 
superior and middle temporal gyri for 
all stutterers. While there is less 
asymmetry in the middle temporal 
gyrus for severe stutterers compared 
with mild and moderate subjects, this 
difference is not significant for group 
averaged data. Group average flow 
asymmetries in the anterior cingulate 
gyrus are limited to the severe stut- 
tering group. The relationship of indi- 
vidual flow asymmetries to global per- 
ceptual stuttering severity is illus- 
trated in Fig 3. All stutterers had flow 
asymmetry below median (left re- 
duced relative to right) for either an- 
terior cingulate or middle temporal 
gyri. All but one severe stutterer had 
below median value for the anterior 
cingulate gyrus. All stutterers. with 
values above median in cingulate had 
values below median in the middle 
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temporal gyrus and they were either 
mild or moderate stutterers. 


COMMENT 


An association between dysfluency 
in stuttering and cortical dysfunction 
in the left cingulate and left inferior 
frontal gyrus is consistent with classic 
anatomoclinical principles of speech- 
motor control. Motor initiation defi- 
cits have been localized to the me- 
siofrontal cortex in the region of the 
cingulate or supplementary motor 
area. Motor programming for speech 
has been localized to the left peri- 
sylvian (inferior frontal) cortex. 

But what of the finding of left tem- 
poral lobe hypoperfusion, especially in 
mild to moderate stutterers? The ques- 
tion of a relationship between stutter- 
ing and temporal lobe dysfunction has 
a long history. Auditory tests, includ- 
ing auditory electrophysiologic tests, 
have performed two functions in stut- 
tering research: (1) as a measure of ce- 
rebral dominance for language and (2) 
in the search for abnormalities of the 
auditory feedback mechanism sub- 
serving speech production.’ Unfortu- 
nately, while individual findings have 
often pointed to temporal lobe 
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dysfunction,” or to auditory’ brain- 
stem dysfunction,” the heterogene- 
ity in stuttering often precluded sig- 
nificant results. Rosenfield and Jerger’ 
acknowledged the conflicting evidence, 
but they did not discard persistent 
findings implicating the central audi- 
tory system. Our data support their 
contention that there may be a link to 
the temporal lobe in at least a sub- 
group of stutterers. 

Further evidence for a role of tem- 
poral lobe involvement in speech-mo- 
tor dysfunction was reported in three 
separate rCBF studies of children la- 
beled dysphasic.2** Hypoperfusion 
(and hence low metabolic activity) in 
cortical regions similar to those found 
herein was reported in all three stud- 
ies. In a study by Denays et al,” two 
children with an expressive impair- 
ment demonstrated hypoperfusion in 
the left inferior frontal convolution, 
involving Broca’s area. Billard et al” 
reported posterotemporal flow deficits 
in patients with primarily expressive 
deficits. Lou et al reported frontal 
lobe and perisylvian hypoperfusion in 
their three patients with verbal dys- 
praxia. The similarity of these identi- 
fied lesion sites and those reported 
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Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug or other ergo? denvatives 


Warnings: Symptomatic Hypotension —in cimcal tnais, approximately 10% 
ol pahents taking pergalide mesyiate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic andor sustained hypotension, 
especially during initial treatment With gradual dosage titration. toierance to 
the hypotension usually develops It rs. therefore, important to warn patients of 
the risk, to begin therapy with low doses. and to increase the dosage in care- 
tully adjusted increments over a period of three to four weeks 

Hallucinasss —in controlled trials, pergotide mesylate with levodopa caused 
hailucinasis in about 14% of patients as opposed to 3% taking placebo with 
levadopa This was of sufficient severity to Cause discontinuation of treatment 
in about 3% of those enrolled, tolerance to this untoward effect was not 
observed 

Fatalities —in the placebo-controiied tral, two of 187 patents treated with 
placebo died as compared with one of 189 patients treated with pergotide 
mesylate Of the 2.299 patients treated with pergotide mesylate in premarketing 
Studies evaluated as of October 1988. 143 died while on the drug o7 shortly 
atter discontinuing the drug The patient population under evaluation was 
elderly, ill, and at high risk tor death it seems unlikely that pergolide mesyiate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty 

in particular, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set of signs. symptoms, or faboratory results 
that would suggest that treatment with pergolide caused their deaths Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over No 
death (other than a suicide} occurred within the first month of treatmert: most 
of the patients who died had been on pergolide for years. A relative frequency of 
the causes of death by organ system are. pulmonary tailure/aneumonia. 35% 
cardiovascular, 30%, cancer, 11%. unknown, 8 4%: infection, 3 5%: extrapyra- 
midal syndrome. 3 5%, stroke, 2.1%, dysphagia. 2.1%, mjury, 1 4%: suicide. 
14% dehydration, 0 7%: glomerulonephritis, 0 7% 


Precautions: General —Caution should be exercised when administering 
pergohde mesylate to patients prone to cardiac dysrhythrmas. 

in a study Comparing pergolide mesylate and placebo. patients taking 
pergolde mesylate were found to have significantly more episodes of atrial 
premature contractions (APCs) and sinus tachycardia 

The use of pergolide mesylate n patients on levodopa may cause and/or 
exacerbate preexisting states of contusion and hallucinations (see Warrings) 
Also, the abrupt discontinuation of pergolide mesylate in patients recewing it 
chromcally as an adjunct to levodopa may precipitate the onset ot hallucina- 
fons and confusion. these may occur within a span of several days Discontin- 
uahon of pergohde should be undertaken gradually whenever possible. even it 
the patient is to remain on levodopa 

The administration of pergolide mesylate to patients receiving levodopa may 
cause and/or exacerbate preexisting dyskinesia 

Information for Pavents —Patients and their famihes shoutd be informed ot 
the common adverse consequences of the use of pergotide mesylate (see 
Adverse Reactions) and the ask of hypotension (see Warnings} 

Patients should be advised to notify them physician uf they become pregnant 
of intend to become pregnant during therapy 

Patients should be advised to notity their physician Hf they are breast feeding 
anintant 

Laboratory Tests — Na specie laboratory tests are deemed essential ter the 
management of patients on Permax Periodic routine evaluation of all patents 
however. 18 appropriate 

Drug Interactions --Dopamine antagonists. such as the neuroleptics ipne- 
nattvazines. butyrophenones, thioxanthines) or metoclopramide. ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist). these agents may diminish the eftectiveness of Permax 

Because pergolde mesylate is approximately 90% associated with plasma 
prolems, caution should be exercised if pergohde mesylate is coadminstered 
with other drugs known to affect protein binding 

Carcinogenesis, Mutagenesis. and impairment of Fertiity —A two-year 
carcinogenicity study was conducted in mice using dietary levels of pergolide 
mesylate equivalent to oral doses of 0 6. 3 7. and 36 4 mg/kg/day m males and 
06.44. and 40 8 mg/kg/day in females A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0 04.9 18. and 0.88 
mgekgéday in males and 0.05. 0 28. and 1 42 mgvkg/day in femaies The 
ighest doses tested in the mice and rats were approximately 340 and 12 hmes 
maximum human oral dose administered in controlled clinical triats 16 mg 
day equivalent to 0 12 mg/kg/day} 

A low ncrdence of uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice The occurrence of these neoplasms is prob- 
ably attributable to the hgh estrogen/progesterone ratio which would occur in 
rodents as a resuit of the projactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not presentin 
humans However, even though there 1s no known correlation between uterine 
matignancies occurring in pergolide-treated rodents and human risk. there are 
no human data to substantiate this conclusion 

Pergolide mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bacteria! mutation assay, a DNA repair assay m 
cultured rat hepatocytes, a paint-mutaton assay in cultured L5178Y cells. and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
cell-point-mutation assay using L5178Y celis only after metabolic activation 
with rat fiver microsomes. No mutagenic eftects were obtained in the two other 
an vitro assays and m the in vive assay The relevance of these findings ‘o 
humans is unknown 

A tertihty study in male and female mice showed that fertility was maintained 
at 0.6 and t? mg'kg'day but decreased at 5.6 mg/kg/day. Prolactin has been 
reported to be involved in stimulating and maintaining progesterone ‘eveis 
required for implantation in mice and. therefore, the impaired fertility at high 
dose may occur because of depressed prolactin ievels 

Usage in Pregnancy Pregnancy Category B —Reproduction studies were 
conducted in mice af doses of 5, 18 and 45 mg/kg/day and in rabbits at doses 
of 2.6. and 16 mg’kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose admunstered in con- 
trolled chuca trials inthese studies, there was no evidence ot harm to the fetus 
due to pergolide mesylate 
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There are. however, no adequate and well-controlled studies in pregnant 
women Among women who received pergalide mesylate for endocrine disor- 
ders in premarketing studies, there were 33 pregnancies that resulted in heal itny 
babies and four pregnancies tha: resulted in congenital abnormalities (wo 
major. two minor}. a causal retatonship has not been established. Because 
human data are limited and because animal reproduchon Studies are not 
diways predictive of human response. this drug should be used during preg- 
nancy only if clearly neeced 

Nursing Mothers —itss not known whether this drug is excreted in human 
miik. The pharmacologic action of pergohde mesylate Suggests that it may 
interfere with lactation Because many drugs are excreted in human mik and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants. a decision should ba made whether to discontinue nursing of to 
isr ontu, the drug. taking into account the importance of the drug to the 
mother 
i Pediatric Use —Sately and effectiveness in children have not been estab- 
ished 


Adverse Reactions: Commonly Observed —In premarkeling clinical trials, the 
most commonly observed adverse events associated with use of pergalide 
mesylate which were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hatiu- 
cinations, somnolence. insomnia. digestive complaints. inciuding nausea. 
constipation, diarrhea. dyspepsia. aad respiratory system complaints. includ- 
ing rhinitis 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) ot approximately 1.200 patients receiving pergolide mesylate for treat- 
mentot Parkinson's disease in premarketing clinical trais inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
Causing discontinuation were related to the nervous system (15 5%), primarily 
hallucinations (7 8%} and confusion 1.8%) 

Fataities -See Warnings 

Incidence in Controlled Clinical Irais —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated m the premarketing controlled clin- 
ical trials comparing pergolide mesylate with placebo. In a doubie-biind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy 

The prescriber shouid be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained from other clinical vestigations involving different treat- 
ments, uses. and mvestigators. The cited figures. however. do provide the pre- 
scribing physician with some basis tor estimating the relative contribution of 
drug and nondrug factors to the side-effect incidence rate in the population 
studied 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlied Clinical Triat 
Parcentage of Patients Reporting Events 


Pergolide Mesylate Placebo 
N= 189 N= 187 





Body System: 
Adverse Event” 
Body as a Whole 
Pain 
Abdominal pain 
Injury, accident 
Headache 
Asthenia 
Chest pain 
Flu syndrome. 
Neck pain 
Back pain 
Surgical procedure 
Chilis 
Face edema 
infection 
Cardiovascular 


Pasturai hypotension 
Vasodilatation 
Paipitation 
Hypotension 
Syncope 
Hypertension 
Arrhythmia 
Myocardial infarction 


Digestive 
Nausea 
Constipation 
Diarrhea 
Dyspepsia 
Anorexia 
Dry mouth 
Vomiting 

Hemic and Lymphatic 


Anemia 
Metabolic and Nutritional 


Peripheral edema 

Edema 

Weight gain 
Musculoskeleta! 

Arthralgia 

Bursitis 

Myalgia 

Twitching 
Nervous System 


Dyskinesia 
Dizziness 
Hallucinations, 
Dystonia 
Confusion 
Somnolence 
insomma 

Anxiety 

Tremor 
Depression 
Abnormal dreams 
Personality disorder 
Psychosis 
Abnormai gait 
Akathisia 
Extrapyramidal syndrome 
inceordination 
Paresthesia 
Awnesia 
Hypertonia 
Neuralgia 

Speech disorder 
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incidence of Treatment-Emergent Adverse 
Experiences in the Piacebo-Contratied Clinical Trial 
Percentage of Patients Reporting Even 
Pergolide Mesyiate Ptacet 
N= 189 N=1E 





Body System 
Adverse Event" 


Respiratory System 
Rhinius 122 
Dyspnea 48 
16 
Vt 





Epistaxis 
Hiccup 
Skin and Appendages 

Rash 32 

Sweating 21 

Abnormal vision 58 

Dipiopia 21 
16 
11 


p 


Taste perversion 
Eye disorder 

Urogenital System 
Urinary frequency 27 
Urinary tract lection 27 
Hematuria 11 


moa 
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“Events reported by at least 1% of patients receiving pergolide mesylate are 
included 


Events Observed During the Premarketing Evaluation of Permax This set 
tion reports event frequencies evaluated as of October 1988 tor adverse event 
ocurring in a group of approximately 800 patients who took multiple de. 
pergalide mesylate. The conditions and duration of exposure to pergbid 
mesylate varied greatly, involving well-controlled studies as well as experienc 
in Open and uncontrolled clinical settings. In the absence of appropriate cor 
trols in some of the studies, a causal relationship between these events an 
treatment with pe:golide mesylate cannot be determined 

The foliowing enumeration by organ system describes events in terms € 
ther relative frequency of reporting in the data base Events of major chinicz 
importance are aiso described in the Warnings and Precautions sections 

The following definitions of frequency are used: frequent adverse events ar 
defined as those occurring in atleast 1/100 patients, infrequent adverse event 
are those occurring in 1/100 to 1/1.000 patients: rare events are those occut 
"g in fewer than */1.000 patients. 

ody as a Whole - Frequent: headache. asthenia. accidental injury, abdom 
inal pais. chest pain. back pain, tiu syndrome. neck pain. lever: fnfrequent 
facial edema, chils. enlarged abdomen. malaise. neoplasm. hernia, peivi 
pain, Sepsis, cellulitis, moniliasis, abscess, jaw pain, hypothermia: Rare: acut 
abdominal syndrome. LE syndrome 

Cardiovascular System --frequent postural hypotension, syncope. hyper 
tension, palpitations, vasaditatations. congestive heart failure, infrequent 
myocardial mfarction, tachycardia, heart arrest, abnormal electrocardiagrar 
angina pectoris. thrombophlebitis. bradycardia, ventricular extrasystoles 
cerebrovascular accident, ventricular tachycardia. cerebral ischemia. atri 
fibrillation. varicose vein, pulmanary embolus, AV block. shock 
Rare vasculitis, puimonary hypertension, pericarditis, migraine, neart bioct 
cerebral hemorrhage 

Digestive System Frequent: nausea, vomiting, dyspepsia, diarrhea, cor 
stipation. dry mouth, dysphagia: infrequent: flatulence, abnormal live funcao, 
tests. increased appetite, salivary gland enlargement, thirst. gastroenteritis 
gastritis, periodontal abscess, intestinal obstruction, nausea and vomiting 
gingivitis, esophagitis. cholelithiasis, tooth cares. hepatitis, stomach vice 
melena. hepatomegaly. hematemesis, eructation: Rare: sialadenstss. pepti 
ulcer, pancreatitis, jaundice. glossitis. fecal incontinence. duodenitis. cohtis 
cholecystitis. aphthaus stomatitis, esophageal uicer 

Endocrine System -/nfrequent. hypothyroidism. adenoma, diabetes melh 
tus. ADH inappropriate, Rare’ endocrine disorder. thyroid adenoma 

Hemic and Lymphatic System -Frequent anemia; infrequent’ teukopenia 
lymphadenopathy leukocytosis. thrombocytopenia, petechia, megaloblasti 
anemia, cyanosis: Rare. purpura, lymphocytosis. eosinophilia, thrambo 
cythemma. acute lymphoblastic leukemia, polycythemia, splenomegaly 

Metabolic and Nutritional System ~ Frequent. peripheral edema, weigh 
toss, weight gain; infrequent: dehydration, hypokalemia, hypoglycemia ror 
deficiency anemia. hyperglycemia, gout. hyperchalesteremia, Rare elec 
trolyte imbalance, cachexia. acidosis, hyperuricemia 

Musculoskeletal System ~ frequent: twitching. myalgia, arthralgia: Intre 
quent: bone pain, tenosynovitis. myositis. bone sarcoma. arthritis: Rare 
osteoporosis. muscie atrophy. osteomyelitis 

Nervous System — Frequent dyskinesia, dizziness, hallucinations. contu 
sion. somnolence. insomnia, dystonia. paresthesia, depression, anxiety 
tremor, akinesia. extrapyramidal syndrome, abnormal gait, abnormal dreams 
incoordination. psychosis, personality disorder, nervousness, choreoatheto 
SiS, amnesia. paranoid reaction, abnormal thinking: infrequent: akathisia, neu 
fopathy, neuralgia, hypertonia, delusion, conyulsion, libido increased 
euphoria. emotional lability. libido decreased. vertigo. myoctonus, coma. apa 
thy. paralysis. neurosis. hyperkinesia, ataxia. acute brain syndrome. torticolits 
meningitis, Manic reaction, hypokinesia, hostility. agitation, hypotonia. Aare 
Stupor, neurits. intracramal hypertension, hemiplegia. facial paralysis, bran 
edema. myelitis. hallucinations and confusion atter abrupt discontinuation 

Respiratory System Frequent: rhinitis, dyspnea. pneumonia, pharyngis 
cough mcreased. Infrequent epistaxis. hiccup. sinusitis, bronchitis. vole: 
alteration. hemoptysis. asthma, lung edema. pleura! effusion, faryngns 
emphysema, apnea, hyperventilation: Aare. pneumothorax, Jung fibroses 
larynx edema. hypoxia. nypoventilanon. hemathorax, carcinoma of lung 

Skin and Appendages Systems -Frequent sweating, fash: infrequent skit 
discoloration, pruritus. acne, skin ulcer. alopecia. dry skin, skin carcinama 
seborrhea, hirsutism, herpes simplex, eczema, fungal dermatitis, herpe: 
zoster, Rare: vesiculobuilous rash. subcutaneous nodule. skin nodule. skir 
benign neoplasm, inchenosd dermatitis 

Special Senses System - Frequent. diplopia: infrequent: otitis media, con: 
junctivitis. tinnitus, deafness, taste perversion, eat pale: eye pain. glaucoma 
eye hemorrhage. photophobia. visual field defect. Aare. blindness. cataract 
retinal detachment, retinal vascular disorder 

Urogenital System. frequent: urinary tract infection. urinary frequency 
ulinary incontinence. henatuna, dysmenorrhea. fnfrequent: dysuria. breas 
pain. menorrhagia. impotence. cystitis, urinary retention, abortion, vagina 
hemorrhage. vaginitis. prapism, kidney calculus, fibrocystic breast, lactation 
uterine hemorshage. urolithiasis. salpingitis, pyuria. metrorrhagia, menopause 
kidney taure. breast carcinoma. cervical carcinoma: Rare: amenorrhea, blad- 
der carcinoma. breas! engorgement. epididymitis. hypogonadism, leukorrhea 
nephrosis, pyelonephnus urethral pain, uricaciduria, withdrawal bleeding 
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Glutethimide Treatment of Disabling Action Tremor in 
Patients With Multiple Sclerosis and Traumatic Brain Injury 


Mindy L. Aisen, MD; Mary Holzer, M 


è Glutethimide has been used to control 
essential tremor. Its efficacy in the treatment 
of disabling cerebellar and rubral tremor was 


‘assessed in an open study of six patients 


with multiple sclerosis and two patients with 
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í traumatic brain injury. Functional and quan- 
titative tremor severity was assessed before 


treatment and 7 to 14 days after a stable dose 


was achieved. Six of eight patients exhibited 
< visible functional benefit from treatment with 


glutethimide; abstract testing results corre- 
lated well with functional status in most 
cases. Four patients chose to continue to 
receive. medication. Controlled trials of glu- 
tethimide to compare its efficacy with that of 
other medications used in the treatment of 
action tremor are indicated. 
(Arch Neurol. 1991;48:513-515) 


lutethimide has been reported to 

suppress disabling essential trem- 
or." We studied the effects of glutethi- 
mide in eight patients with severe cere- 
bellar tremor. Glutethimide is a 
piperidinedione derivative with seda- 
tive-hypnotie and anticholinergic ef- 
fects. When first introduced, it was 
widely used as a general tranquilizer, 
for induction of anesthesia,” and as a 
hypnotic agent. Its popularity waned as 
concerns about its addictive potential 
surfaced.” 
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PATIENTS AND METHODS 


Six patients with multiple sclerosis and 
two patients with traumatic brain injury 
were treated with gradually increasing doses 
of glutethimide (maximum stable doses, 750 
to 1250 mg/d); all had disabling action trem- 
or. The condition of seven patients did not 
respond to other drugs, including proprano- 
lol, clonazepam, amitriptyline, and isoniazid. 
Table 1 summarizes the clinical characteris- 
tics and prior therapies of six of the eight 
patients. Tremor was measured before 
treatment and 7 to 14 days after a stable dose 
was achieved, Two types of assessment were 
employed: functional and abstract. 

Functional assessment was performed by 
a “blinded” occupational therapist. Subjects 
performed either a timed keyboard test cou- 
pled with a hoop test or a set of six function- 
like tasks derived from a standard clinical 
rating scale developed by Fahn and col- 
leagues.” In the keyboard test, subjects were 
asked to tap five letter keys in a 1-minute 
period; the number accurately struck was the 
score. In the hoop test, subjects had to alter- 
nately encircle three 1.3-cm-diameter posts 
with a 15.2-cm-diameter hoop; the time 
elapsed to accurately perform the task was 
recorded. The clinical assessment scale in- 
cluded an estimated amplitude of tremor, 
handwriting, tracing an Archimedes spiral, 
pouring water from one cup to another, 
drinking/eating soup, and a keyboard test. 
The resulting score ranged from 0 to 32, with 
0 reflecting no tremor. 

The abstract method consisted of a pur- 
suit-tracking task in which two images ap- 
peared on a computer screen. One image, the 
target, moved around the screen in a seem- 
ingly random pattern. The second image 
moved in response to motion at the end of a 
customized manipulator with the capacity to 
move in 3 df. The patients limb was securely 
placed in a wrist-immobilizing splint affixed 
to the manipulator; movement in the limb 
therefore produced movement of the re- 
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sponse image on the screen. The patient at- 
tempted to make the response image coinci- 
dent with the target image. After an 
extended. practice period, patients under- 
went tracking testing for 1-minute intervals. 
The practice period spanned several days, 
and data were sampled only after perfor- 
mance plateaued to minimize changes due to 
learning effects. 


DATA ANALYSIS 


An IBM-PC-AT-compatible computer 
(Leading Edge model D2, Leading Edge 
Corp, Westboro, Mass) with a monochrome 
screen was used for the tracking display. The 
display software, developed by Beringh- 
ause,” provided a seemingly random (repeat 
time, every 17 minutes) target that moved in 
the x and y directions at varying frequencies, 
with a range of 0.08 to 0.5 Hz. Target x and y 
screen coordinates were written to a hard 
disk file after each tr: acking experiment was 
completed. Data analy, sis methods developed 
by Adelstein et al’* were used to derive quan- 
titative measures of tracking fidelity and 
tremor magnitude. Both were believed to be 
important, because side effects of treatment 
(eg, sedation) might impair accuracy despite 
tremor suppression. 

Tremor magnitude or tremor power was 
quantified by examination of the “residual” 
portion of the patient’s response. The residu- 
al portion is that portion of the response sig- 
nal not linearly related to the target signal. 
The residual autopower spectrum is calcu- 
lated by multiplying the autopower spec- 
trum of the response by 1 minus the coher- 
ence between the tracking and response sig- 
nals. Tremor magnitude or tremor power 
was defined by the area under the residual 
response spectrum. Tracking fidelity, de- 
fined by the signal-to-noise ratio (SNR), was 
calculated by dividing the area under the 
target-response cross power density curve 
by the tremor power. Tremor power assess- 
ment provided information about changes in 
tremor amplitude, and SNR provided infor- 
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Table 1.—Clinical Characteristics 





















































Hoop Test, No. of 
Seconds Required for 3 
Correct Attempts 
retin tt aN e 
Without With 
Patient Glutethimide Giutethimide 


Patient / Disease 
Sex/Age, y Diagnosis * Duration, y Prior Treatment 

1/M/38 MS 5 Propranoiol hydrochloride, 
clonazepam, amitriptyline hydrochloride 

2/M/36 MS 8 None 

S/F /4) MS 24 isoniazid, propranolol, 
clonazepam 

4/F/49 MS 20 Propranolol, clonazepam, 
amitriptyline 

5/M/34 MS 12 Isoniazid, propranolol 

6/M/29 TBI 8 Propranolol, amitriptyline 

7/M/50 MS 16 Clonazepam, propranolol, 
amitriptyline 

8/M/21 TBI 5 Clonazepam, propranolol, 







isoniazid 


Keyboard, No. of Keys 
Correctly Struck 
in a 60-s Period 
pollens eng EAS ENE icy 
Without With 
Glutethimide Glutethimide 








4 





Six-Item Clinical Scale * 
cre 


Without 
Glutethimide 


26 





Signat-to-Noise Ratio 
LC eeen, 
Without With 
Patient No. Glutethimide Glutethimide 





With 
Glutethimide 


Tremor Power 
1 oonaepeeneenmemennememnemnemndieamenemmenenemenenmemmmametiny 
Without With 
Glutethimide Glutethimide 





1 166 140 
(n = 3; (n = 3; 
SD = 51.6) SD = 24,7) 


11782 12091 
(n = 3; n= 3; 
SD = 334.2) SD = 202.0) 





20 69 
(n = 3; (n = 3; 
SD = 8.1) SO = 19.0) 


16 089 12242 
(n = 3; (a= 3; 
SD = 1612.0) SD = 2015.0) 





70 148 
(n= 2; (n= 3; 
SD = 10.0) SD = 7.4) 


46 084 1728 
(n = 2; (a = 3; 
SD = 328.8) SD = 194) 





16 52 
(n= 5; (n = 2; 
SD = 3.0) SD = 22.0) 


18369 14099 
(n = 5; (rn = 2; 
SD = 118.2) SD = 1483.5) 








227 331 
(n = 3; (n = 2; 
SD = 21.0) SD = 17.7) 


1533 832 
(a= 3; (n = 2; 
SD = 232.5) SD = 82.0) 





105 
(n = 4; 
SD = 15.5) 


4525 583 
{n= 4; (n = 2; 
SD = 1832.6) SE = 18.4) 








140 
(n = 3; 
SD = 23.6) SD = 19.5) 
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2488 2562 
(n= 3; {n= 3; 
SD = 49.9) SD = 426) 







mation about the quality of task perfor- 
mance. Therefore, if tremor suppression was 
associated with significant impairment due 
to fatigue or sedation, a decrease in tremor 
power would be accompanied by a stable or 
decreased SNR. A decrease in tremor power 
coupled with a rise in SNR reflected not only 
tremor reduction but also improved function- 
al performance. 

Tremor power and SNR values were gen- 
erated for x and y dimensions. For the pur- 
pose of examining trends before and after 
glutethimide treatment, æ and y values were 
combined to produce a single SNR and trem- 
or power value for each trial. 


RESULTS 


Six patients demonstrated functional 
improvement after glutethimide treat- 
ment, one exhibited no change, and one 
worsened. Table 2 summarizes the re- 
sults of functional testing. 

As shown in Table 3, seven patients 
were tested by the abstract method: 
five improved and two worsened. In 
those who improved, SNR increased 
110% to greater than 300%, and tremor 
power decreased 19% to 96%. An im- 
provement in SNR was always concor- 
dant with improvement in tremor pow- 
er within trials; the degree of im- 
provement frequently varied considera- 
bly between these values. This may be 
due to combined tremor and ataxia in 
some subjects in whom tremor may be 
suppressed by medication, producing a 
decline in tremor power magnitude, but 
persistent incoordination prevents a 
proportional rise in SNR. Similarly, se- 
dation may interfere with tracking fi- 
delity even if tremor is suppressed. 

Functional improvement correlated 
somewhat better with a patients deci- 
sion to continue therapy than did ab- 
stract improvement. Four patients 
chose to continue to receive treatment, 
as shown in Table 4. The primary side 
effect was sedation, and all patients who 
chose to discontinue glutethimide ther- 
apy experienced moderate to profound 
sedation while receiving the med- 
ication. 


COMMENT 


Six of eight patients exhibited visible 
functional benefits from treatment with 
glutethimide. In all but two patients, 
results of abstract testing correlated 
well with functional scores. Four of the 
six patients who exhibited functional 
improvement chose to continue treat- 
ment. All patients who discontinued 
medication exhibited persistent seda- 
tion, in contrast to prior experience 
with patients with essential tremor, in 
whom sedative effects rapidly re- 
solved.’ 

Benefit. did not relate to underlying 
diagnosis, as three of six patients with 
multiple sclerosis and one of two pa- 
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Table 4.—Testing Summary* 


Glutethimide Functional 
Dose, mg/d Testing 


Abstract Side Continued 


Testing Effects Medication 





bps 750 l 


Ww Moderate sedation Yes 





| Profound sedation No 





750 


! None Yes 





760 


1 None Yes 





750 N 
ł 
| 
l 


1000 


Not per- Moderate sedation, No 
formed fatigue 





1260 


None 





1000 


Moderate sedation 





750 
“lindicates improved; W, worsened; and N, no change. 


«» tients with traumatic brain injury con- 
tinued to receive medication, nor did it 
relate to clinical tremor characteristics. 
Both patients with traumatic brain inju- 
ry exhibited rubral tremor, with promi- 
nent.resting as well as kinetic compo- 
nents, while all patients with multiple 
sclerosis exhibited primarily action 
tremor. The patients with traumatic 
brain injury who responded demon- 
strated similar improvement in resting 
and kinetic tremor components. 

The neural mechanism of the effect of 
glutethimide on tremor is unknown. 
Glutethimide is structurally similar to 
phenobarbital, sharing its sedative and 

anticonvulsant effects. It also stimu- 

Hn lates substantial anticholinergic activi- 
ty? Sedative-hypnotic compounds, such 
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Profound sedation 





as phenobarbital,” primidone," and al- 
cohol,” have documented abilities to at- 
tenuate essential tremor, and anticho- 
linergie drugs are known to reduce 
resting tremor in Parkinson’s disease. 
Little has been documented about the 
ability of either anticholinergic or seda- 
tive-hypnotic agents to ameliorate 


tremor due to dysfunction of the cere- > 


bellum or its connections. Controlled 
trials of glutethimide to compare its effi- 
cacy with that of other medications used 
in the treatment of disabling cerebellar 
and rubral tremor are indicated. 


The authors gratefully acknowledge Bruce T. 
Volpe, MD, Herman Weinreb, MD, and Jackie 
Friedman, MD, for referral of study patients. 
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Familial Inclusion Body Myositis Among 
Kurdish-Iranian Jews 





Roberto Massa, MD; Boaz Weller, MD; George Karpati, MD; Eric Shoubridge, PhD; Stirling Carpenter, MD 


è We report two cases of adult-onset, 
slowly progressive limb-girdie muscle weak- 
ness with a remarkable sparing of quadri- 
ceps muscles that developed in patients 
from different families of .iranian-Kur- 
dish—Jewish origin. Each patient had a simi- 
larly affected sibling. The findings by means 
of muscle biopsies showed abnormalities 
typical of inclusion body myositis, including 
abundant lined vacuoles and characteristic 
cytoplasmic inclusions of 15- to 18-nm fila- 
ments. Remarkably, many vacuolated mus- 
cle fibers showed immunoreactivity to neural 


cell. adhesion molecule, a fetal muscle anti- 


gen. The common origin of these patients 


is from an isolated ethnic group with frequent 





consanguinity and the familial incidence is 
indicative of a genetic causation or predispo- 
sition, probably with an autosomal recessive 
inheritance. This familial myopathy is one of 
several clinical syndromes that share the 
typical pathological findings of inclusion 
body myositis. The pathogenic relationship 
between these different familial forms and 
the more common sporadic form of inclusion 
body myositis is not known. 
(Arch Neurol. 1991 ;48:519-522) 


[ nelusion body myositis (IBM) is a dis- 

tinct variety of idiopathic inflamma- 
tory myopathy. The usual features in- 
clude slowly progressive muscle 
weakness starting in the sixth or sev- 
enth decade of life, male predominance, 
and resistance to corticosteroid thera- 
py." The diagnosis can only be con- 
firmed by the finding of typical cytoplas- 
mic and/or nuclear inclusions in muscle 
fibers, consisting of 15- to 18-nm fila- 
ments.' A resemblance of the filaments 
to paramyxovirus nucleocapsids and 
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their reported immunoreactivity. for 
mumps Virus antigens implicated this 
virus in the causation of IBM,” but the 
results of recent studies have not sup- 
ported this hypothesis.”” 

The pathological findings of IBM 
have also been reported as appearing in 
younger patients,’"" and several famil- 


‘ial cases with atypical clinical features 


have been described." 

We have examined two patients from 
different families originating from an 
isolated Jewish population of Iranian 
Kurdistan, who presented with an 
adult-onset, slowly progressive myopa- 
thy. Each patient reported one similar- 
ly affected sibling. Light and electron 
microscopy of muscle biopsy specimens 
taken from both patients demonstrated 
the characteristic findings of IBM. In 
addition, an immunocytochemical study 
revealed an expression of neural cell ad- 
hesion molecule (nCAM) in most muscle 


fibers containing lined vacuoles. 


REPORT OF CASES 


CASE 1.— A 29-year-old woman, the sec- 
ond youngest of 10 children of a Jewish family 
from Iranian Kurdistan, developed, at.the 
age of 20 years, proximal muscle weakness in 
the lower limbs, manifesting with difficulty 
climbing steps and getting up ftom a squat- 
ting position. Onset was gradual, and pro- 
gression was slow but relentless. During her 
two pregnancies, there was considerable de- 
terioration of muscle strength. Her examina- 
tion showed extreme muscle atrophy and 
weakness of the lower extremity muscles, 


except the quadriceps that retained a near 


normal bulk and strength. The most severely 
affected muscles were the glutei, hip flexors, 
and hamstrings. In the upper extremities, 
muscle wasting and weakness were less 
prominent than in the lower limbs, and pre- 
dominantly proximal. Neck flexors were 


moderately weak. There was no weakness of 


craniobulbar musculature. Tendon reflexes 
were absent except for weak knee jerks, Sen- 
sation was normal. The patient had an in- 
creased lumbar lordosis and a waddling gait. 
Her older brother, 45 years old, had a similar 


neuromuscular disease, but he was not avail- 
able for evaluation. 

CASE 2.— A 50-year-old woman, the sec, 
ond youngest of seven children of a Jewish 
family from Iranian Kurdistan, was appar 
ently well until the age of 40 years, when she 
first noticed instability of gait due to weak- 
ness in both lower extremities. Over the 
years, the leg weakness gradually pro+: 
gressed, and she developed difficulty walk: 
ing upstairs S. About a 





extremities, more ee distally. Esai 
nation showed marked atrophy of intrinsie 
hand muscles. There was asymmetrical 
weakness in the upper extremities, more 
marked on the left; it was of moderate degree 
in the shoulder girdle, slightly more marked 
in the biceps and triceps, and severe in the 
forearm and small hand muscles. There was 
no obvious wasting of lower extremity mus- 
cles. There was marked weakness of hip flex- 
ors, glutei, hamstrings, and foot dorsiflex- 
ors. The strength ‘in the quadriceps and 
plantar flexors was remarkably preserved. 
The neck flexors were moderately weak. 
There was no weakness of craniobulbar mus- 
culature. Tendon reflexes were present 
throughout, but barely elicitable at the an- 
kles, Sensation was normal. She had a mark- 
edly waddling and steppage gait. Her only 
sister, 65 years old, was reported to have a 
similar neuromuscular disease, but she was 
not available for examination. The three chil- 
dren (one male and two female) of the pro- 
band were examined by us; none of them 
showed neurological abnormality. 


MATERIALS AND METHODS 


A biopsy of the biceps brachii muscle was 
performed in both patients and the biopsy 
specimens were processed for histochemical, 
phase, and electron microscopic examina- 
tion, as previously described.” In addition, 
the expression of immunoreactive class I ma- 


jor histocompatibility complex (MHC D and 


nCAM was determined on 4-um-thick, trans- 
verse cryostat sections, by means of the im- 
miunoperoxidase technique." An antihaman 
MHC I monoclonal antibody (PHM4, Cedar- 
lane Laboratories, Hornby, Ontario), at a 
dilution of 1:50, and an antihuman nCAM 
monoclonal antibody, undiluted (5. 1H1D, 
were used as primary antibodies, Hybri- 
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- prior to pe ae 





doma cells secreting the 5.1H11 antibody 
(cloned by Dr F. Walsh, Institute of Neurol- 
ogy, Queens Square, London, United King- 
dom) were grown in Dulbecco's modified Ea- 
gle medium plus hypoxanthine-aminopterin- 
thymidine medium plus 10@ fetal calf serum. 
The supernatant from pelleted cells was used 
as the source of the antibody. 
RESULTS 
Laboratory Examination 

Results of laboratory investigations 
are presented in the Table. Additional- 
ly performed immunological tests, in- 
cluding quantitative immunoglobulin 
levels and erythrocyte sedimentation 
rate, revealed normal results in both 
patients. 


Muscle Biopsy 


Both biopsy specimens demonstrated 
the characteristic findings of IBM on 
histochemical, phase, and electron mi- 
croscopic examination.’ Histochemical 
study of cryostat sections revealed 
many small-caliber muscle fibers, some 
of which were extremely atrophic (Fig 
1). In case 1, there was a tendency for 
small-caliber fibers to occur in groups. 
Other fibers were clearly hypertrophic, 
with a rounded cross-sectional outline. 
There was a substantial increase in en- 
domysial connective tissue (Fig 1), and 
in some regions large adipocytes were 
present between muscle fibers. This 
was particularly conspicuous in case 2. 
Centrally situated myonuclei were in- 
creased in number. The myonuclei ap- 
peared abnormal in many instances: 
some were enlarged and pale, while oth- 
ers were enlarged and hyperchromatic. 
Some nuclei contained inclusions (Fig 2, 
left); some pyknotic nuclear clumps 
were also present. About one third (case 
1) to half (case 2) of the muscle fibers 
contained vacuolar spaces (Fig 1). Many 
fibers had multiple spaces, whose size 


varied from a few micrometers to as 
much as 30 pm in largest dimension. 
Some vacuoles were optically empty, 
but in others there was ill-defined de- 
bris along with punetate basophilic 
granules (Fig D. Nuclei frequently 





Test 


Summary of Laboratory Investigations 


Patient 1 


were present within the vacuolar 
spaces. Some vacuoles contained im- 
pressive eosinophilic inclusions (Fig 2, 
left and right). There were a few exam- 
ples of necrosis and phagocytosis of 
muscle fibers (Fig 3), as well as regener- 


Patient 2 









Serum creatine kinase, * 404 
WU idk 


159 





Electromyography 





Polyphasic motor unit 
potentials, fibrillations 


Small, polyphasic motor 
unit potentials, fibrillations, 
positive sharp waves 





Nerve conduction velocity Normal 





Normal 





Brain magnetic 
resonance imaging 


Normal 







Not performed 





Brain magnetic 
resonance spectroscopy 


“Normal range, 5-140 1U/dL 








Not performed 


Normal 





Fig 1.—Patient 2. Several normal-sized or atrophic fibers contain conspicuous small or large lined 
vacuoles (arrows). There are scattered rounded atrophic fibers, some of which contain central 
myonuclei. The endomysial connective tissue is markedly increased (hematoxylin-eosin, original 


magnification x 350). 


Fig 2.—Left, Patient 2. Large nuclear (arrow) and cytoplasmic (arrowhead) inclusions are present in two very small muscle 
fibers. The nuclear inclusion causes a marked peripheral crowding of the chromatin. Right, Patient 1. Two conspicuous 
inclusions (arrowheads) are intermingled with the contents of a large lined vacuole (arrow) (hematoxylin-eosin, original 
magnification left, x 1400; right. = 359). 





+ 





520 Arch Neurol— Vol 48, May 1991 


inclusion Body Myositis — Massa et al 





ation. A few small mononuclear inflam- 
matory infiltrates were seen between 
muscle fibers (Fig 3). Both the necrotic 
fibers undergoing phagocytosis and 
some scattered regenerating fibers 
showed moderate to strong expression 
of MHC I. A few of the fibers containing 
lined vacuoles were also moderately 
positive. On the other hand, most of the 
fibers containing lined vacuoles, al- 
though not all of them, showed moder- 
ate to strong immunoreactivity for 
nCAM, either localized to the sarcolem- 
ma or, most commonly, evenly distrib- 
uted throughout the cross-sectional 
area of the fiber (Fig 4). Regenerating 
fibers were also nCAM positive. There 
was no immunoreactive nC AM in vacu- 
ole-bearing muscle fibers found in biop- 
sy specimens of four patients with typi- 
cal, sporadic IBM, 

Phase microscopy on resin sections Fig 3.—Patient 1. Mononuclear inflammatory cells are present in the vicinity of a large vein with a 
showed that many fibers contained dark necrotic fiber (lower part of the picture) undergoing phagocytosis (hematoxylin-eosin, original 
granules. In some large fibers, there magnification » 350). 
were foci of Z-disk streaming. Electron 
microscopy showed membranous 
whorls and accumulations of character- 
istic filaments (15 to 18 nm in diameter) 
in the cytoplasm of several myofibers 
(Fig 5). Filaments were not found in 
nuclei in the sections examined. 





COMMENT 


Our patients presented with a pro- 
gressive myopathy with onset in the 
third and fourth decade of life, respec- 
tively. The pathological features in both 
cases were indistinguishable from those 
of sporadic IBM, Variations in fiber cali- 
ber, lined (rimmed) vacuoles, necrotic 
and regenerating fibers, proliferation of 
endomysial connective tissue, membra- 


NOUS whorls, and inclusions composed of Fig 4.—Patient 1. Several fibers show both diffuse and punctate cytoplasmic, as well as 
15- to 18-nm filaments were found. All sarcolemmal, immunoreactive neural cell adhesion molecule. The majority of the positive fibers 
these features are characteristic and, in harbor conspicuous lined vacuoles (immunoperoxidase using anti-neural cell adhesion molecule 
combination, have been considered pa- antibody [5.1H11] and biotin-streptavidin display systems, original magnification x 350). 

thognomonic of IBM.'~ The degree of 
the pathological changes in our pa- 
tients, especially in patient 2, seemed to 
be more severe than that in the common 
sporadic cases of IBM, The pattern of 
MHC I expression was consistent with 
that previously described for sporadic 
IBM.” Interestingly, the expression of 
nCAM was detected by the 5.1H11 anti- 
body in most of the myofibers contain- 
ing lined vacuoles. Reactivity to this 
antibody, which is now known to recog- 
nize human nCAM," was originally 
thought to be restricted to human myo- 
blasts, myotubes, and regenerating fi- 
bers in diseased adult muscle.” Howev- 
er, we have detected a similar reactivity 
in vacuolated fibers in cases of sporadic 
IBM, oculopharyngeal muscular dys- 
trophy, and colchicine myopathy, in ad- 
dition to denervated fibers (manuscript 
in preparation). In all these instances, 











Fig 5.—Patient 2. Electron micrograph shows abnormal 15- to 18-nm filaments characteristic of 
inclusion body myositis surrounded by small membranous whorls (original magnification = 40 000). 
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myofibers might undergo a process of 
dedifferentiation, leading to reexpres- 
sion of fetal antigens such as nCAM. 

The clinical picture observed in these 
patients is also consistent with the usual 
presentation of IBM, with two excep- 
tions: one is the relatively early onset, 
and the other is a striking sparing of 
quadriceps muscles. Inclusion body 
myositis most often begins in the sixth 
or seventh decade of life, although some 
cases have been described beginning as 
early as the second decade.*” The re- 
markable sparing of quadriceps mus- 
cles, even when all other muscles in the 
lower extremities show practically com- 
plete paralysis (as was the case in pa- 
tient 1), makes this syndrome pheno- 
typically distinct. 

Both our patients reported one sib- 
ling having similar symptoms. These 
persons were not available for clinical 
examination, but the description of 
their symptoms is consistent with pro- 
gressive weakness of proximal limb 
muscles. This suggests a familial inci- 
dence of IBM in these cases. 

Although there is no direct evidence 
of consanguinity within or between 
these two families, they have a common 
origin in a small and isolated Jewish 
population in Iranian Kurdistan, with a 
high frequency of intermarriages. The 
familial incidence and the geographic 
segregation are indicative of a genetic 
causation or predisposition, probably 
inherited as an autosomal recessive 
trait. The reported absence of weakness 
in the parents of the patients and the 
absence of clinical findings in the chil- 
dren of patient 2 are consistent with this 
suggestion. However, a future onset of 
the disease in the latest generation can- 
not be completely ruled out at this point. 

A number of articles have described 
the presence of rimmed vacuoles and 
the typical cytoplasmic or nuclear fila- 
ments in patients with undefined famil- 
ial myopathies. Matsubara and Tanabe” 
reported these pathological findings in 
two siblings with an autosomal reces- 
sive, progressive distal myopathy de- 
veloping during the third decade of life. 
Eisen et al” described a progressive dis- 
tal myopathy with onset in early child- 
hood in a man whose muscle biopsy 
specimen revealed the typical findings 
of IBM. His brother was affected with a 
similar illness, but he was not studied. 
Fukuhara et al” reported a “variant 
form of oculopharyngeal muscular dys- 
trophy” in a man with onset in the third 
decade of life. His son developed a distal 
myopathy during infancy. Examination 
of muscle biopsy specimens taken from 
these patients showed rimmed vacu- 
oles. Electron microscopie findings in 
the son demonstrated cytoplasmic in- 
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clusions consisting of 13- to 19-nm fila- 
ments. Cole et al” investigated a family 
in which five of six male siblings were 
affected by a progressive myopathy be- 
ginning in early childhood. Examination 
of muscle biopsy specimens obtained 
from all patients revealed the charac- 
teristic findings of IBM. Four of these 
patients presented an additional fea- 
ture, ie, a markedly abnormal appear- 
ance of cerebral white matter on com- 
puted tomographic scan and magnetic 
resonance imaging of the brain. There 
was no clinical or other laboratory evi- 
dence of a white matter dysfunction. 
Sunohara et al’ described five Japanese 
patients from three families, presenting 
a progressive distal myopathy with on- 
set in early adulthood. Pathological 
findings included rimmed vacuoles and, 
in some cases, typical intranuclear fila- 
ments. The disease was probably inher- 
ited as an autosomal recessive trait. 

The patients whom we describe here 
share the same pathological findings 
with the other reported examples of fa- 
milial IBM. On the other hand, their 
clinical presentation included neither 
oculopharyngeal involvement nor a pre- 
dominantly distal weakness. In addi- 
tion, there was no evidence of white 
matter abnormality by means of mag- 
netic resonance imaging or spectrosco- 
py, respectively, in our two patients. 
For these reasons, we suggest that our 
patients represent a distinct form of fa- 
milial IBM peculiar to their ethnic 
group. 

Although no previous familial cases of 
IBM in Iranian Kurdish Jews have, to 
our knowledge, been reported, we 
found that a “rimmed vacuole myopa- 
thy” in Iranian Jews was described by 
Argov and Yarom.” They investigated 
the condition of nine patients from four 
families, with a progressive generalized 
myopathy sparing the quadriceps that 
had begun in the third or fourth decade 
of their life. These authors also empha- 
sized the conspicuous sparing of quadri- 
ceps muscles. Muscle biopsy specimens 
were characterized by the presence of 
rimmed vacuoles. Abnormal filaments 
were not mentioned in the description of 
the two cases processed for electron mi- 
croscopic examination. Inheritance was 
believed to be autosomal recessive. Our 
cases share many features with the 
above-mentioned ones, such as Iranian- 
Jewish origin; probable autosomal re- 
cessive inheritance; age at onset of dis- 
ease; distribution of weakness, in- 
cluding the notable preservation of 
quadriceps; and the light microscopic 
findings. We believe, therefore, that 
our patients and those described by Ar- 
gov and Yarom™ represent the same 
entity. 


This familial myopathy is a further 


indication that several clinical syn- 
dromes share the typical pathological 


findings of IBM. The understanding of 


the pathogenetic mechanism(s) at the 
molecular level will clarify the relation- 
ship between the sporadic form and the 
present and other familial forms of IBM. 
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, Altered Cutaneous Sensation 
in Trigeminal Neuralgia 


Turo J. Nurmikko, MD 


è Noninvasive quantitative somatosen- 
sory tests were used to measure sensory 
perception thresholds on the faces of 26 
patients with idiopathic trigeminal neural- 
gia. The affected divisions were deter- 
mined by the presence of trigger zones. 
Elevations of thresholds of sensations 
_Subserved by both large- and small-diame- 

ter fibers were found both in the affected 
<c andin the unaffected adjacent divisions 
-. when compared with the healthy side. The 


no findings are interpreted as further evi- 


dence of combined peripheral and central 
` pathologic conditions in idiopathic trigem- 
inal neuralgia. 
(Arch Neurol. 1991;48:523-527) 


The diagnosis of tic douloureux, or 

idiopathie trigeminal neuralgia 
(ITN), is based on the history of me- 
chanically elicited pain paroxysms and 
the absence of neurological deficits on 


-routine examination’? Any sensory 


abnormality observed by the clinician 
is considered to prompt careful neuro- 
radiological and laboratory evaluation 
to exclude treatable causes for the 
condition, such as local tumors, vascu- 
lar malformations, infections, and 
multiple sclerosis plaques.**> Yet 
many authors refer to occasional sen- 
sory findings in patients with ITN, 
although no systematic data are 
presented.*** There is also some evi- 
dence of electrophysiological abnor- 
malities in this condition," although 
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conflicting results have also been re- 
ported, even from the same labora- 
tory. Histopathological changes as 
well as completely normal results have 
been described at various levels of the 
trigeminal pathway," and since it is 
not clear whether the findings repre- 
sent genuine or postmortem changes, 
caution in interpretation is recom- 
mended.’ 

While the etiopathogenesis of ITN 
remains largely unresolved, evidence 
has been accumulating from animal 
and human studies making it difficult 
to explain the characteristics of this 
capricious pain condition without con- 
sidering both central and peripheral 
factors.”'*° Pain paroxysms set off by 
innocuous stimuli within the trigger 
zones and outlasting the duration of 
the stimulus,” radiation of pain out- 
side the involved territory, and effi- 
cacy of drugs capable of facilitating 
segmental or afferent inhibition in the 
trigeminal nuclei” are best explained 
by central pathophysiology. On the 
other hand, observations of compres- 
sion, distortion, or stretching of the 
trigeminal nerve’”' as well as relief 
provided by various procedures affect- 
ing the nerve practically anywhere 
along its course’ stress the signifi- 
cance of the peripheral input. Why 
does facial sensation in ITN escape the 
slightest impairment despite an obvi- 
ous trigeminal pathway dysfunction, 
as generally assumed? 

The aim of the present study was to 
ascertain whether, in fact, sensory ab- 
normalities can be found in ITN by us- 
ing systematic and quantitated soma- 
tosensory measurements and, if so, 
whether they elucidate the patho- 
genetic mechanisms in this condition. 


Sensory thresholds in the affected di- 


visions and outside the affected divi- _ 
sions on the painful side of the face . 
were measured and compared with 


those of the contralateral homologous 
sites in a group of patients suffering 
from ITN. Because of the well-known 
problem of correctly assessing the ex- 
act situation and distribution. of the 
pain, an approach of searching for cu- 
taneous and mucosal trigger zones and | 
naming the affected division accord- 
ingly was chosen. The results pre- 
sented here are suggestive of changes 
in the trigeminal somatosensory sys- 
tem, found not only in the affected but 
in the adjacent nonsymptomatic divi- 
sions as well. k 





PATIENTS AND METHODS 
Patients 


Twenty-six patients with a history of ITN — 
(tie douloureux) and one or several clini- 
cally verifiable trigger zones within the - 
trigeminal nerve distribution participated 


in the study. The ITN was diagnosed after — 


the patient presented a history of pain with 
the following characteristics: (1) electric, 
shock-like, stabbing pains; (2) pain of 


abrupt onset and abrupt termination; (3) 


painfree intervals between attacks; (4) uni-.- 
lateral pain during an attack and restricted 
to a zone innervated by the trigeminal 
nerve; and (5) attacks triggered by local 
nonnoxious stimulation In 17 patients, 
pain occurred on the right side and in nine 
patients on the left side. The mean age was 
65.8 years (range, 47 to 81 years); female- 
to-male ratio, 22:4; and mean duration of 
ITN, 58.6 months (range, 2 to 180 months). 
No patient had undergone neurosurgical 
operations or received nerve blocks. All but 
two patients were receiving a carba- 
mazepine during the tests with dosage. 

ranging from 200 to 1200 mg daily; three 
patients used baclofen in addition. Accord- 


Altered Cutaneous Sensation—Nurmikko 523 















ing to recent recommendations,” no routine 
radiological investigations were carried 
out, but any suspicion of a neurological dis- 
ease raised by the sensory findings of the 
ongoing study prompted a computed tomo- 
graphic evaluation with special attention to 
the basal structures of the brain. A com- 
puted tomographic scan of the brain was 
judged necessary in 15 patients and turned 
out normal in each case. Nineteen patients 
eventually had surgery (radiofrequency or 
glycerol gangliolysis, 17 patients; microvas- 
cular decompression, two patients). The 
final diagnosis of ITN was agreed on by at 
least two specialists (a neurologist and a 
neurosurgeon). 

Excluded from the study were those pa- 
tients with a history of head trauma, men- 
tal disease, alcohol or drug abuse, severe 
systemic or metabolic disease, and any ma- 
jor neurological disease. None of the pa- 
tients had a history suggestive of incipient 
dementia. All patients gave informed con- 
sent. 

Trigger zones were systematically as- 
sessed and localized as accurately as possi- 
ble. This was done by gently tapping the 
skin of the face or the intraoral mucosa 
with a small glass rod. Because almost all 
patients were taking medication, actual tics 
developing into fullblown trigeminal at- 
tacks were not anticipated. To qualify for a 
trigger zone, a spot on the skin or mucosa 
had to be recognized, by the patient, as 
frankly painful on touching and a shooting 
sensation away from it had to be present. In 
this fashion, definite trigger zones were 
elicited in 28 divisions in 26 patients. They 
were found only in the second and third 
division. Some patients gave a history of 
pain paroxysms extending outside the trig- 
ger zones as reported before.'*** Some pa- 
tients reported migration of trigger zones 
over the years.’ Summary of clinical data is 
presented in Table 1. 


Methods 


Measurements were carried out in quiet 
laboratory conditions, after a careful ex- 
planation of used methods. All six trigem- 
inal divisions (ophthalmic [V1], maxillary 
[V2], and mandibular [V3], bilaterally) were 
tested in randomized order. In order not to 
accidentally cross the boundaries between 
two adjoining dermatomes, the measuring 
sites were restricted to those shown by the 
shaded areas in the Figure. If a pain parox- 
ysm was inadvertently evoked by trigger 
zone exploration, then a period of 30 min- 
utes was allowed to pass before resuming 
the test. 

Warm, cold, hot pain, and cold pain 
thresholds were measured with the Ther- 
motest (Somedic AB, Stockholm, Sweden) 
using a modification of the Marstock 
technique. ™ A Peltier-type thermode 3.6 
cm? in size was warmed up or cooled down 
ata rate of 0.5°C to 1.5°C per second. Mea- 
surements started from an adapting tem- 
perature of 30°C. The patients responded to 
each individual thermal sensation by press- 
ing a switch that reversed the direction of 
temperature change and allowed the ther- 
mode to return to the baseline temperature. 
Each measurement was done three to five 
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Distribution 
of Pain 


Patient No. / Duration 
Age, y/Sex of ITN, mo 


Table 1.—Clinical Characteristics of the Patients* 


Medica! Therapy 
of ITN 
Trigger nmn 
Zones Medication Daily Dose, mg 





1/67/F 24 V2, V3 


v2 800 





2/64/F 51 V2, V3 


V3 400 





3/65/M V3 


v3 1000 





4/63/F v2 


v2 





§/73/F 


v2 300 





6/75:F V2 


V2 





7/79/F V2 


V2 800 





8/56/F 


v2 300 





9/69/F V3 


V3 200 





10/56/F V2 


v2 200 





11/47/F 


v2 400 





12/66/M 


800 





13/70/F 


v2 


300 





14/68/F 


v2 800 





15/58/F 


V3 1200 





16/72/F 


1200 





17/81/F 


v2 1000 





18/63/F 


v2 400 and 15 





19/75/F 


V3 800 and 25 





20/73/F 


V3 1000 





21/52/F 


V2 600 





22/55/F 


v2 400 





23/58/M 


v2 800 and 30 





24/55/F 


v2 600 





25/80/M 
26/71/F 





DIN[LONIDINDINIAIAIOfALOIO;AsO;A;AIaQ Iago 


v2 
v2 


600 
400 


o 


* ITN indicates idiopathic trigeminal neuralgia; V1, ophthalmic division; V2, maxillary division; V3, mandibular 
division; C, carbamazepine; B, baclofen; Nil, no medication. 


times, and the average was calculated. Cold 
pain was measured once; a cutoff point was 
determined at 5°C. The results were ex- 
pressed in degrees centigrade. 

Tactile sensation was measured with von 
Frey filaments of equal length and varying 
diameters (Pressure Aesthesiometer, 
Stoelting Co, Chicago, Il), which were ap- 
plied in descending and ascending order of 
magnitude to assess both the disappear- 
ance and appearance thresholds (at least 
five applications per filament). Care was 
taken to avoid stroking the skin with the 
hair and to only do an indentation. The 
force required to bend each filament (in 
grams) was converted to log units. 

Pinprick sensation was tested with 
weighted needles.“ The needles (25-mm, 
24-gauge needles weighing from 0.2 to 5.2 g) 
were on the plungers of 5-mL plastic sy- 
ringes moving freely. By holding the sy- 
ringe, the examiner could guide the needle 
of any weight perpendicularly to the area 
tested; in essence, it was only the weight of 
the needle that determined the force and 
subsequent pinprick sensation. The patient 
reclined and was verbally cued before each 
stimulus to ensure attention. Similarly to 
tactile stimulation, this test was carried out 
in a descending and ascending manner, 
each application repeated at least five 
times. The results were expressed in milli- 
grams. 

Two-point discrimination was measured 
with a Weber's compass, moving the instru- 
ment gently on the tested skin area to im- 
prove sensitivity.” Three ascending and de- 


scending series in increments of 1 to 2mm 
were administered in alternating order. 
The results were expressed in millimeters. 

Temperature was measured in each divi- 
sion, after acclimatization in a draft-free 
room for 20 minutes, by means of free ther- 
mocouples attached to the skin (Digitron 
Instruments, model 4071, Hertford, United 
Kingdom) and expressed in degrees centi- 
grade. 

For each somatosensory threshold, com- 
parisons were made between the painful 
side and the contralateral side. Results 
from measurements were pooled to form 
two pairs representing different measure- 
ment sites as follows: (la) affected divisions 
characterized by the presence of trigger 
zones (TRI-IPS), (1b) contralateral mirror- 
image divisions (TRI-MIR), (2a) unaf- 
fected, trigger-free divisions ipsilateral to 
la (ADJ-IPS), and (2b) contralateral mir- 
ror-image divisions (ADJ-MIR). By the def- 
inition adopted for this study, in a patient 
with a trigger zone confined to the V3 divi- 
sion, the adjacent division automatically 
was the maxillary (V2) division. Ina patient 
with trigger zones confined to the V2 divi- 
sion, both ophthalmic (V1) and mandibular 
(V8) divisions were designated as adjacent. 
In a patient with trigger zones found in 
both V2 and V3 divisions, the adjacent 
division, of course, was the ophthalmic di- 
vision. In this fashion, 28 affected divisions 
and 44 adjacent divisions were arrived at. 

In both sets of comparison, significances 
between differences of means of perception 
thresholds in the corresponding divisions 
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Sites chosen for measuring the somatosensory 
perception thresholds. The trigeminal divisions 
are as follows: V1, ophthalmic; V2, maxillary; 
and V3, mandibular. 


were analyzed using Student’s two-tailed £ 
test for paired samples. Due to multiple 
comparisons, a Bonferroni correction pro- 
cedure to adjust the significance level was 
employed. The correction was obtained by 


~ dividing the alpha level by the total number 


of comparisons in each set. For seven pair- 
` “wiše a priori comparisons, the significance 
“devel was scaled down to P < .05/7 = 0.007. 


RESULTS 


In the affected divisions (TRI-IPS), 
elevated warm and tactile thresholds 
were observed when compared with 
those in the mirror-image divisions 
(TRI-MIR). In the adjacent (ADJ-IPS) 
divisions, comparison with the con- 
tralateral divisions (ADJ-MIR) re- 
vealed significant elevations of warm, 
hot pain, and two-point discrimination 
thresholds, while a change of tactile 
threshold demonstrated an apparent 
trend for significance. The results are 
summarized in Tables 2 and 3. 

Because medication may have an 
effect. on perception, direct compari- 
sons of the individual somatosensory 
thresholds with the available norma- 
tive data were considered inappropri- 
ate. It seemed reasonable, however, to 
assume that medication would not sig- 
nificantly interfere with the degree of 
sensory asymmetry between the two 
sides of the face. From a group of 
healthy subjects of comparable age 
and sex distribution (n = 20; mean age 
[SD], 68.5 [9.2] years; female-to-male 
ratio, 12:8) who underwent the same 
tests in all six trigeminal divisions, 
mean asymmetry indexes (defined as 
: the ratio between right and left sides) 
and standard deviations were calcu- 
lated for each level. Any sensory func- 
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Table 2.—-Somatosensory Perception Thresholds in Patients With Idiopathic Trigeminal: > 
Neuralgia: Affected Divisions * 






Divisions 




















































aeaea enmana, 

Threshold TRIPS TR-MR Pt 
Warm, °C 33.9 (0.3) 33.1 (0.2) <,0005 
Cold, °C "28.7 (0.2) 28.7 (0.2) NS 
Hot pain, °C E 42.4 (0.7) 42.2 (0.7) NS 
Cold pain, °C 9.9 (1.3) 900.1) NS 
Pinprick, mg 584 (120) 410 (52) _ NS 
Touch, log,0.1 mg 2.43 (0.11) 2.13 (0.09) <,002 













2-point discrimination, mm 10.5 (0.9) 10.4 (0.8) 






* TRIPS indicates affected division with trigger zones; TRI-MIR, contralateral mirror-image division; and NS; 
Not significant. All values are the mean (SEM). 

tP values given in levels of significance for differences between the symptomatic and the contralateral side 
(Student's f test for paired samples, two tailed). To compensate for multiple comparisons, the significance level 
was set at P < .007."8 





Table 3.— Somatosensory Perception Thresholds in Patients With Idiopathic Trigeminal 
Neuralgia: Adjacent Divisions’ 







Divisions 
Yoana eneeeeeneenenemmmnsanessenetieeemnnnemennnementanmmmeenn 




















































Threshoid ADJ-IPS ADJ-MIR Pt 
Warm, °C 33.9 (0.3) 33.3 (0.2) <.005 
Cold, °C 28.6 (0.2) 28.7 (0.2) : NS 
“Hot pain, °C 43.7 (0.5) 43.2 (0.5) <.008 
Cold pain, °C 9.3 (1.0) 9.8 (0.9) NS 
Pinprick, mg 562 (85) 446 (82) NS 
Touch, log,, 0.1 mg 2.35 (0.07) 2.23 (0.07) .015 (NS) 
“2-point discrimination, mm 10.9 (0.7) 9.6 (0.6) <.0005 






* ADJ-IPS indicates adjacent trigger zone free division, ipsilateral to TRIPS; ADJ-MIR, mirror-image division; 
and NS, not significant. All values are the mean (SEM). 
tP values given in levels of significance for differences between the symptomatic and the contralateral side 


(Student's f test for paired samples, two tailed). To compensate for multiple comparisons, the significance level >S 


was set at P < 007. 


tion measured in the patient with ITN 
was defined as abnormal if the degree 
of asymmetry, ie, measured values be- 
tween the affected and the contralat- 
eral side, exceeded the control group 
mean by at least 3 SDs. Abnormalities 
of thermal thresholds were found in 
eight patients, tactile thresholds in 
eight, pinprick thresholds in four, and 
two-point discrimination in three pa- 
tients. When the results were com- 
bined, 15 of 26 patients showed at least 
one abnormal measure of sensation, 
mainly a threshold elevation in TRI- 
IPS or ADJ-IPS divisions, or both. In 
only one patient was there an abnor- 
mally low threshold (for hot pain in 
the TRI-IPS division). 

There were no temperature asym- 
metries (TRI-IPS of 31.0 + 0.4°C vs 
TRI-MIR 30.9 + 0.4°C, not significant; 
and ADJ-IPS of 31.2 + 0.2°C vs ADJ- 
MIR of 31.2 + 0.2°C, not significant). 

Immediately after gangliolysis, 
trigger zones were completely abol- 
ished and all thresholds were elevated 
in the treated divisions. No systematic 
changes were found after the two mi- 
crovascular decompressions. The re- 
sults were not subjected to statistical 
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analysis because of the small number 
of patients tested. 


COMMENT 


On routine examination, when crude 
sensory tests are employed, observa- 
tions of hypalgesia and hypesthesia 
are infrequent in ITN? When more 
sophisticated and quantitated meth- 


ods are used, small-scale sensory ab- 


normalities may become apparent. In 
this study, raised thresholds were . 
found both in the affected divisions . 
and the nonsymptomatic contiguous 
divisions, indicating involvement: of 
the nearby “silent” branch, too: Sen- 
sory functions subserved by both 
large- and small-diameter fibers were 
affected. The numerous reports of 
trigeminal root indentation or distor- 
tion by a vascular loop or similar 
structure, witnessed at operation, 
provide a reasonable explanation for 
these findings. Whether they bear any 
causal relationship to ITN will be dis- 
cussed below. 

According to the study design, each 
patient served as his/her own control. 
The importance of using the patient’s 
healthy side for comparison is under- 
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scored by two recent studies by Lean- 
dri and coworkers assessing soma- 
tosensory evoked potentials in ITN.” 
When early scalp responses evoked by 
the stimulation of both infraorbital 
nerves were compared between sides, 
delays of conduction were found on the 
painful side in nine of 38 cases. When 
the authors performed only unilateral 
recordings, they could not detect sig- 
nificant deviations from normal val- 
ues.” 

One might dismiss the results of the 
present study as coincidental and due 
to patient expectation or the masking 
effect of trigeminal pain. In light of the 
used techniques, this seems highly un- 
likely. The patients were tested when 
at least 30 minutes from the last attack 
had elapsed. Thermal stimuli never 
caused pain paroxysms in the patients; 
yet just these thresholds were quite 
often abnormal. Threshold alterations 
were also more frequently present in 
the nonsymptomatic adjacent divi- 
sions where testing is not likely to be 
negatively affected by poor patient co- 
operation. The interpretation of re- 
sults is not hampered by overlapping 
of dermatomes, either; there is very 
little functional overlap between the 
three trigeminal dermatomes.” The 
results are best explained by a lesion 
somewhere along the trigeminal affer- 
ent pathway, probably in the presyn- 
aptic part," affecting not only those fi- 
bers innervating the painful division 
but the adjacent division as well. The 
discrepancy among the locations of 
pain, trigger zones, and sensory defi- 
cits does not confound the issue. In 
fact, it may offer an additional clue to 
the pathogenesis of ITN. 

In a recent study, Nurmikko and 
Bowsher reported on 12 patients with 
ophthalmic postherpetic neuralgia, 
half of whom suffered from severe 
touch-evoked pain (mechanical allody- 
nia) in the maxillary division. Two as- 
pects of this finding were discussed: 
expansion of the sensory dysfunction 
outside the originally affected division 
and pain caused by activation of non- 
nociceptive low-threshold mechano- 
receptors. The authors concluded that 
their observations were clinical exam- 
ples of the alterations in the central 
nervous system physiological mecha- 
nisms, known to take place in animals, 
after peripheral nerve unjury.” Deaf- 
ferentation results in second-order 
neurons beginning to respond to stim- 
uli from other than the usual anatomic 
areas. The expansion of the receptive 
fields is likely to include changes in the 
domain of sensory quality, too, so that 
neurons formerly responding to nox- 
ious stimuli start responding to other 
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stimuli, such as tactile! The resem- 
blance between postherpetic neuralgia 
and ITN in this respect is evident. In 
each condition, there is evidence of 
mechanical allodynia (presenting as 
trigger zones in ITN) and a more wide- 
spread sensory dysfunction than the 
patient’s pain description suggests. 
Although there are qualitative and 
quantitative differences, they may 
simply reflect the difference in the de- 
gree of peripheral nerve injury, which 
in ITN is minor and in postherpetic 
neuralgia is major. Perhaps the sen- 
sory abnormalities in ITN represent 
the primary lesion to the nerve or root. 
The trigger zones and pain paroxysms 
might then reflect various central al- 
terations in the brain-stem trigeminal 
complex, as suggested previously.” 

Some patients with ITN have a his- 
tory of ipsilateral nonparoxysmal 
trigeminal pain weeks, months, or 
years before classic pain paroxysms 
develop.” Mitchell? noted that the typ- 
ical ITN pains often spread to involve 
an adjacent division of the trigeminal 
nerve. Pretrigeminal neuralgia may, 
therefore, represent the first clinical 
manifestation of the neuropathic pro- 
cess that slowly, in a selected group of 
patients, leads to ITN. Accurate neu- 
rophysiological measurements at this 
early stage of the condition might elu- 
cidate the nature of the involvement of 
the trigeminal afferent pathways be- 
fore the genesis of tic pain. 

The findings of the present study are 
interpreted as further support for the 
hypothesis of combined peripheral and 
central pathophysiological mecha- 
nisms operant in ITN.*?”° A lesion in 
the trigeminal nerve or root will result 
not only in sensory loss but also in 
functional changes of the receptive 
fields of the second-order neurons in 
the brain-stem trigeminal complex. As 
pointed out by Fromm and co- 
workers,” there is also pharmacologi- 
cal evidence of a failure of segmental 
inhibition in the trigeminal nucleus. 
The trigger zones (and pain parox- 
ysms) presumably reflect these central 
alterations rather than the peripheral 
injury. 

The reason for the predilection of 
the second and third divisions in the 
fully developed syndrome is ob- 
scure."** Some authors have at- 
tempted to account for it by drawing 
attention to the anatomy of the tri- 
geminal nerve. Kerr’ has proposed a 
permanent pulsatile contact of the ca- 
rotid artery with the ventral surface of 
the gasserian ganglion, where mainly 
the second and third divisions are 
likely to be involved, because the first 
division is located farthest from the 


$ 


artery.' Jannetta’ has reported’ com- 
pression of the superomedial aspect of 
the nerve root by the superior cerebel- 
lar artery in patients with pain in the 
second and third divisions, while the 
anteroinferior cerebellar artery seems 
to compress the inferior surface of the 
root in first division neuralgia cases.’ 
According to the present study, how- 
ever, no such accurate anatomical re- 
lationships are required to explain the 
locations of trigger zones and pain. 
Migration of trigger zones, mentioned 
by several authors before'** and me- 
ticulously mapped by Dubner et al’ in 
one patient with ITN, as well as the 
known tendency of the tic pain to dis- 
appear for long periods**”’ militate 
against such a theory of simple local 
compression. A recent critical review 
of the subject also questions the sig- 
nificance of the microvascular decom- 
pression at the root level. While the 
findings reported here add to the evi- 
dence of trigeminal pathway irritation 
or lesion (from any cause), some other 
unknown factor(s) leading to the de- 
velopment of ITN with its characteris- 
tic features must be inferred. The rea- 
son for the concentration of trigger 
zones in the central mask of the face 
cannot be explained adequately with 
available data, but is likely to lie in the 
complex interconnections of the neu- 
rons of the trigeminal nuclei, or even 
more rostrally. 
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Neurophysiologic Studies of the Peripheral Nervous System 
in Nephropathie Cystinosis 


Michael R. Swenson, MD; Steve Rimmer, MD; Jerry A. Schneider, MD; Ronald B. Melles, MD; Doris A. Trauner, MD; Barrett Katz, MD 


ə Cystinosis is an autosomal recessive 
metabolic disorder in which nonprotein cys- 
tine accumulates within most body tissues 
due to a defect in lysosomal cystine trans- 
port. Neurologic declarations are only re- 
cently being recognized. We studied 13 cys- 
tinotic subjects (aged 5 to 21 years old), 
determining median motor and sensory 
nerve conduction velocities, F waves, pero- 
neal motor nerve conduction velocities, 
sural sensory nerve conduction velocities, 
median sympathetic skin response, electro- 
cardiogram R-to-R variability, and blink re- 
flex. analysis. The results were normal. We 
conclude that neurophysiologic testing sug- 
gests relative sparing of the peripheral ner- 
vous system in nephropathic cystinosis. 

(Arch Neurol, 1991;48:528-529) 


ystinosis is an autosomal recessive 
metabolic disorder in which non- 
protein cystine accumulates within 
most body tissues. ' The cystine accumu- 
lates within the lysosomes of cells due to 
a defect in lysosomal cystine transport.” 
Cystinosis can be divided into two major 
clinical groups, nephropathie and be- 
nign. Nephropathic cystinosis can be 
further divided into infantile and late- 
onset (juvenile or adolescent) forms. 
The infantile form is the most common, 
and the most devastating. Systemic 
complications include renal Fanconi 
syndrome with rickets, growth retarda- 
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tion, and renal failure that necessitates 
renal transplantation by an average age 
of 10 years. Children with infantile cys- 
tinosis are now surviving to the second 
and third decade of life, permitting eval- 
uation of the long-term effects of cystin- 
osis on nonrenal tissues. While patients 
with cystinosis had been believed to 
have normal neurologic function, recent 
evidence suggests that there may be 
central nervous system involvement. 
Neurologic abnormalities that have 
been described include confusion and 
short-term memory loss, rigidity, my- 
opathy, tremor, gait apraxia, general- 
ized hypotonia, intention tremor, mild 
diffuse hyperreflexia, speech difficul- 
ties, slowed saccades, decreased corne- 
al sensitivity, abnormal visual contrast 
sensitivity, and enhancement of the 
photic-induced sneeze reflex.” We per- 
formed studies of the peripheral ner- 
vous system in patients with nephro- 
pathic cystinosis to determine if the 
pathophysiologic mechanisms that re- 
sult in central nervous system dysfunc- 
tion also affect the peripheral nervous 
system. 


PATIENTS AND METHODS 


We studied 13 patients with nephropathic 
cystinosis (aged 5 to 21 years old; 10 patients 
were male). All patients were examined neu- 
rologically, Ten of the 13 had poor gross 
and/or fine motor skills for their age. Seven 
of the 13 exhibited generalized hypotonia in 
the face of normal or brisk deep tendon re- 
flexes. Five of the 13 were borderline or 
frankly microcephalic. None showed evi- 
dence of peripheral neuropathy or neuro- 
muscular dysfunction. No patient had any 
other systemic disease known to affect the 
neuromuscular system. Eleven patients had 
been receiving long-term oral eysteamine 
therapy. One patient had been taking cyste- 
amine intermittently, and one patient had 
never received cysteamine therapy. Only the 


latter two patients had undergone renal 
transplantation. 

For median motor nerve conduction. veloc- 
ities, an active electrode was placed over the 
thenar motor point with a reference distally 
on digit 1 and ground on the dorsal hand. The 
median nerve was stimulated at the wrist 
and elbow. Amplitude was measured from 
baseline to electronegative peak, and distal 
latency from shock artifact to onset of the 
electronegative potential. Distance was 
measured with a flexible cloth tape. F waves 
were elicited by stimulation of the median 
nerve at the wrist with anode distal to cath- 
ode. The shortest onset latency of eight F 
waves was recorded. 

Peroneal motor nerve conduction veloci- 
ties were determined with an active elec- 
trode over the center of the extensor digi- 
torum brevis, and the reference electrode on 
digit 5; ground was over the dorsal aspect. of 
the foot. Stimulation was applied at the ankle 
and at the fibular neck. Amplitudes, laten- 
cies, conduction velocities, and F waves were 
calculated as above. F waves were measured 
as the shortest onset of eight responses from 
the ankle. 

Sural sensory nerve conduction velocities 
were recorded from a block electrode behind 
the lateral maleolus, and stimulation of the 
sural nerve was recorded 14 em proximally. 
The best of four responses was taken; signal 
averaging was employed when necessary 
with eight to 16 sweeps. Latencies to electro- 
negative onset and peak were determined. 
Amplitudes were measured from baseline to 
electronegative peak. Limb skin tempera 
ture was controlled at 34°C with an automat- 
ic feedback thermistor controlled heat lamp 
(Dantee Model 15H02). One-centimeter tin 
disk electrodes were used throughout. 

Median sympathetic skin responses were 
determined by placing an active electrode on 
the palm, reference, and ground on the dor- 
sum of the hand. Responses were recorded 
after stimulation of the median nerve at the 
wrist, ipsilaterally. Median sympathetic skin 
responsé amplitude and latency to onset 
were measured. 

R-R variability was determined by record- 
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ing the electrocardiogram. The R-R range of 
10 cycles was determined during normal tidal 
respiration, and again during one deep inspi- 
ration with Valsalva maneuver. The ratio of 
these two ranges was recorded. Two trials 
were taken from each subject, in the recum- 
bent position, 

Blink reflexes were recorded in four sub- 
jects. The active electrode was placed at the 
inferior orbital rim below the outer canthus. 
Stimulation at the supraorbital notch was 
achieved with a constant current stimulator. 
R1 and R2 responses, both ipsilateral and 
contralateral, were recorded after 10 trials at 
each site. 


RESULTS 


In all subjects, peripheral nerve con- 
duction velocities and compound motor 
action potentials fell within the normal 
range for age (Table 1). The electrocar- 
diogram R-to-R. variability in 11 cystin- 
otic subjects was normal. Blink reflexes 
could only be obtained in four subjects; 
all showed normal latencies (Table 2). 


COMMENT 


Autopsy studies have shown central 
nervous system pathologic findings in 
patients with cystinosis. There may be 
high parenchymal levels of cystine,*” 
accumulations of cystine crystals within 

¿the choroid plexus, pineal gland, and 
meninges," and extensive demyelin- 
ation of the internal capsule and brachi- 
um pontis.” Results of previously re- 
ported electromyography demonstrate 
low amplitude, polyphasic motor-unit 
potentials of brief duration.” Muscle bi- 
opsy specimens have demonstrated 
variations in fiber size, atrophy of type I 
fibers, and numerous ring fibers, sug- 
gesting an underlying myopathy.” A re- 
cent report of neurologic complications 
in long-standing nephropathic cystino- 
sis found no signs of peripheral nervous 
system dysfunction in 14 patients exam- 
ined, although 93% (13/14) showed ei- 
ther clinical or neuroradiologic abnor- 
mality of their central nervous system. ™ 
To the best of our knowledge, patholog- 
ic findings in peripheral nerves in pa- 
tients with cystinosis have not been 
described. 

We found cystinosis patients to have 
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Table 1.—Peripheral Nerve Conduction Studies in Nephropathic Cystinosis* | 


Study 


Mean (SD) 





Median motor amplitude, mV 


Median motor distal latency, msec 

Median motor conduction velocity, m/sec 
Median motor F response, msec 

Peroneal motor amplitude, mV 

Peroneal motor conduction velocity, m/sec 
Peroneal motor F response, msec 

Sural sensory amplitude, uV 

Sural sensory conduction velocity, m/sec 
MSSR, mV 

MSSR latency onset, msec 








*MSSR indicates median sympathetic skin response. 


Table 2.—Blink Reflex Latencies in Nephropathic Cystinosis * 


6.5 (2.87) 
2.6 (0.42) 
54.5 (2.80) 
19.5 (1.77) 
3.9 (2.68) 
53.5 (5.09) 
27.4 (5.94) 
17.0 (5.22) 
53.3 (5.22) 
0.6 (0.48) 
1.5 (0.28) 

















* The blink reflex latencies are given in milliseconds. 


normal nerve conduction velocities, 
electrocardiogram R-to-R variability, 
and blink reflex latencies. Nephro- 
pathic cystinosis appears to spare the 
neural mechanisms involved in these 
electrophysiologic tests. 

Two interesting findings were the 
relative intolerance to blink reflex test- 
ing found in many of the subjects, and 
the precipitation of a sneeze following 
supraorbital nerve stimulation in two of 
the four patients who tolerated testing. 
Patients with cystinosis have an in- 
creased prevalence of the photic-in- 
duced sneeze reflex.” The photic-in- 
duced sneeze reflex is believed to be 
caused by optic-trigeminal summation 
or optic nerve-enhanced irritability of 
the trigeminal nerve." Patients with 
cystinosis may have an underlying irri- 
tability of the trigeminal nerve, de- 
clared clinically as an increased preva- 
lence of photic or supraorbital nerve 
stimulation-precipitated sneeze. Pa- 
tients with cystinosis have been re- 
ported to show trigeminal dysfunction“ 
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Side Stimulated Wave n Mean (SD) Range 
Right Ri 4 10.5 (0.71) 10.0-11.5 
Right R2 ipsilateral 4 29.3 (7.37) 22.0-37.0 
Right R2 contralateral 4 30.0 (8.27) 22.0-35.0 
Left R1 3 10.8 (0.29) 10.5-11.0 
Left R2 ipsilateral 4 28.4 (7.25) 21.0-36.0 
Left R2 contralateral 3 30.3 (8.08) 21.0-36.0 















Most patients with cystinosis would 
be expected to show grossly normal 
neurologic function, moderate general- 
ized hypotonia in the presence of normal 
or even brisk deep tendon reflexes, and 
gross and fine motor incoordination. A 
smaller than average head circumfer- 
ence is also common. Our neurophysio- 
logic studies suggest that the peripheral 
nervous system is relatively spared in 
nephropathic cystinosis. Peripheral 
nerve electrophysiologic studies are, 
however, only a gross measure of pe- 
ripheral nerve function. There may be 
subtie peripheral changes not apparent 
when employing our techniques. Fur- 
ther neuropathologic evaluation of the 
peripheral nervous system in nephro- 
pathic cystinosis may reveal abnormali- 
ties not apparent on clinical neurophysi- 
ologie evaluation. 
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Clinical Issues Relating to the Diagnosis of 
Mild Dementia in a British Community Survey 


Daniel W. O'Connor, MD; Penelope A. Pollitt, PhD; John B. Hyde, MRCPsych; 
Nigel D. Miller, MRCPsych; Janet L. Fellowes, MRCPsych 


@ Many epidemiologists base their diag- 
noses of dementia on scores on brief cog- 
nitive tests, but the border between nor- 
mal aging and mild dementia is so poorly 
understood that simple demarcations can- 
not adequately encapsulate the wealth of 
clinical material that needs to be taken 
into account in assigning diagnostic la- 
bels. Data from a British study of the prev- 
alence and natural history of dementia, in 
which diagnoses of dementia were made 
by clinicians using a new, standardized in- 
terview schedule, are presented to dem- 
onstrate the effects of physical disability, 
psychiatric illness, and other factors on 
memory impairment and performance in 
everyday life. Our purpose is not to insist 
that clinicians are always correct but 
rather to highlight the complexities in- 
volved and the need for investigators to be 
more open about the way in which they 
distinguish between physical, psychiatric, 
and cognitive infirmities. 

(Arch Neurol. 1991;48:530-534) 


revalence rates for advanced de- 

mentia show a fair degree of uni- 
formity from study to study but rates 
for mild dementia vary widely, largely 
because of differences in definition.' 
Community surveys have become so 
expensive that many researchers base 
their diagnoses on brief cognitive 
tests, but two major difficulties follow 
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from this. First, simple tests that focus 
on orientation and general knowledge 
were devised for use in hospitals and 
fail to detect a substantial proportion 
of community-resident demented peo- 
ple who tend to be much less severely 
affected.’ In addition, cognitively in- 
tact old people do badly on tests for 
many reasons, including poor concen- 
tration, low intelligence, deafness, 
aphasia, depression, and physical ill- 
ness and many will be wrongly labeled 
as demented if diagnoses are based on 
test scores alone.** 

Second, the Diagnostic and Statisti- 
cal Manual of Mental Disorders, Re- 
vised Third Edition, now defines de- 
mentia as a degree of cognitive impair- 
ment that is sufficient to interfere with 
social and occupational function.’ This 
is important because demented per- 
sons cannot provide an accurate ac- 
count of their own abilities so that in- 
dependent evidence is required if the 
criteria are to be applied correctly. 
Clinicians take histories from rela- 
tives as a matter of course, but epi- 
demiologists have been loathe to fol- 
low suit, partly for economic reasons 
and partly through fear that relatives 
will attribute forgetfulness and loss of 
mental sharpness to normal aging and 
fail to report these conditions.‘ 
Whether this occurs in practice, how- 
ever, remains to be seen. 

The concept of mild dementia is rel- 
atively new and few investigators have 
the time and the money to follow up 
subjects over lengthy periods. It comes 
as no surprise that clinical validity is 
less than perfect, although mistakes 


are frequently just as revealing as 
“correct hits.” When Bergmann and 
colleagues’ traced subjects diagnosed 
as having mild or questionable demen- 
tia, six had died, three were clearly de- 
mented, and seven had improved but, 
significantly, four of the seven ap- 
peared to have been of lower than av- 
erage intelligence in earlier life. In an- 
other British study, only six of 12 per- 
sons diagnosed as having mild organic 
impairment using the Geriatric Men- 
tal State Examination were judged to 
be demented 1 year later. Of the re- 
mainder, two were depressed, one had 
developed schizophrenia, and three 
were classified as normal.‘ 

Clearly, low intelligence and func- 
tional psychiatric disorders obscure 
the clinical picture. This analysis seeks 
to unravel the effects of these and 
other factors using data from a longi- 
tudinal study in Cambridge, England, 
in which dementia was diagnosed us- 
ing a comprehensive, standardized in- 
terview schedule, and operational cri- 
teria. We describe the clinical charac- 
teristics that persuaded psychiatrists 
to diagnose dementia in the absence of 
marked cognitive or behavioral defi- 
cits or to pass as normal individuals 
whose performance was. consistent 
with dementia, with a view to high- 
lighting important features that 
might be overlooked in surveys based 
on simple measures of cognitive func- 
tion. 


SUBJECTS AND METHODS 


Patients aged 75 years and older on April 
1, 1986, who were registered with six Cam- 
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bridge general practices were screened over 
a 12-month period by trained lay interview- 
ers who administered the Mini-Mental 
State Examination’, findings from a sev- 
enth practice have been excluded because 
the test was administered in a slightly dif- 
ferent way and the results are not directly 
comparable. Patients who scored 23 or less 
of a maximum score of 30 points, together 
with a one in three sample of those who 
scored 24 or 25 points, were then assessed by 
psychiatrists using the Cambridge Exami- 
nation for Mental Disorders of the Elderly 
(CAMDEX).” The CAMDEX is a lengthy, 
structured interview that comprises a men- 
tal state examination, detailed cognitive 
tests, a medical and psychiatric history, a 
physical examination, and an interview 
with an informant (usually the closest rel- 
ative) that inquires about changes in mem- 
ory, intellect, and behavior and the dura- 
tion and course of symptoms. 

The CAMDEX incorporates criteria for 
dementia, delirium, and major depressive 
disorders. Diagnoses of dementia were 
based on the total clinical picture and 
required (1) a failure in performance in ev- 
eryday activities, not due to physical illness 
or handicap, (2) an impairment of memory, 
and (8) a deterioration of personality or 
general intellectual capacity or disturbance 
of higher cortical function. Criteria for mild 
dementia included “difficulty in recalling 
recent information; limited or patchy dis- 
orientation to time and place; impaired 
problem solving, reasoning, and capacity to 
manage everyday activities, and dimin- 
ished clarity of speech.” The CAMDEX also 
includes the category of minimal or ques- 
tionable dementia. Minimally demented 
subjects, who failed to satisfy criteria for 
dementia proper, were described as having 
“a limited and variable impairment in re- 
calling recent events; minor and variable 
errors in orientation; some blunting of rea- 
soning and problem solving; and occasional 
errors in occupational tasks.” 

The analysis examines the scores of non- 
demented, minimally demented, and mildly 
demented subjects on two measures 
of memory and behavior taken from 
CAMDEX. Similar findings would doubt- 
less emerge whatever indexes were used— 
the importance of the analysis lies in the 
level of agreement between subjects’ broad 
positions on the scales and the judgments 
made by experienced clinicians. The mem- 
ory scale comprised a series of short-term 
memory tests (recall of three words, a five- 
item name and address, and six photo- 
graphs and recall of the photographs when 
presented later), which required that sub- 
jects be able to hear, to see the photographs, 
and to write a name and address on an en- 
velope (missed items were scored as zero). 
The behavioral measure, the Blessed-Roth 
Dementia Scale, consists of questions put to 
informants about memory, orientation, and 
personal care. Maximum scores on the 
memory tests and dementia scale were 20 
and 34 points, respectively. The Blessed- 
Roth scale specifies that allowance be made 
for: physical disabilities and illnesses that 
restrict activities" but, in this study, infor- 
mants were asked about what subjects ac- 
tually managed, not what they might have 
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managed in different circumstances. For 
this reason, the Blessed-Roth Dementia 
Scale will be referred herein as the “dis- 
ability scale.” 

The method used to highlight subjects 
who posed, or might have posed, diagnostic 
difficulties was simple. Scores on both 
scales were divided as closely as possible 
into the lowest third, an intermediate 
group, and the highest third, and the groups 
were then cross-tabulated. The majority of 
subjects occupied obvious positions; most 
mildly demented subjects, for example, per- 
formed badly on memory tests and their 
informants reported changes in memory, 
orientation, and personal care, but we fo- 
cused on subjects who occupied anomalous 
or intermediate positions. 

Demented subjects were reviewed 1 and 2 
years later using the same procedures. Di- 
agnoses were confirmed for all surviving 
moderately or severely demented cases, and 
for 63 of 67 surviving, mildly demented 
cases at 1 year and for 55 of 57 who were 
seen at 2 years.” Six of 29 minimally de- 
mented respondents who were reviewed at 
1 year and 12 of 24 survivors who were re- 
viewed at 2 years showed evidence of cogni- 
tive deterioration. However, the fact that 13 
minimal cases were regraded as normal 1 
year later suggests that diagnoses at this 
early stage have limited validity, at least 
under field conditions, and the results that 
follow concern the normal and mildly im- 
paired groups. As our findings make clear, 
“normal” subjects were often far from nor- 
mal in the usual sense but we used the term 
as shorthand for “nondemented” or “pre- 
sumably nondemented.” 


RESULTS 
Study Population 


The response rate in the screening 
phase of the study was 90% (2811/ 
2569); 196 patients refused to be seen, 
48 could not be traced, and 14 were too 
ill to be interviewed. The response rate 
in the diagnostic phase was 82% (481/ 
586); 68 eligible patients refused, 16 
had died, and 21 could not be traced or 
were missed in error. Relatives or 
other informants were interviewed for 
89% (430/481) of the subjects assessed 
using CAMDEX; 13 had no surviving 
family, eight refused permission, three 
informants chatted informally but re- 
fused or were unable to answer every 
question, seven could not be contacted, 
and 20 lived too far away to be visited. 

Complete information was available 
therefore for 182 subjects judged to be 
cognitively intact, for 40 minimally 
demented subjects, and for 91 mildly 
demented subjects (the remaining 117 
subjects were moderately or severely 
demented). Table 1 shows that sub- 
jects were genera!ly very old and that 
most were female. A larger proportion 
of normal subjects had worked in 
semiskilled or unskilled occupations 
because of bias in the screening test. 
As a result of this bias, working-class 





Table 1.—Demographic 
Characteristics of Normal, Minimally, 
and Mildly Demented Subjects 



























Minimal Mild 
Normal, Dementia, Dementia, 
n= 182 n=40 n=91 
Mean age 82.4 85.5 84.3 
(SD) (4.7) (6.1) (4.9) 
Mean 
years of 
education 9.1 9.3 9.7 
(SD) (1.3) (1.3) (2.2) 
Female, % 68 80 65 
Social class, %* 
ia 9 8 20 
itt 47 46 44 
IV, V 44 46 36 
Residence, % 
Community 






Institution 






“Office of Population Censuses and Surveys 
criteria.” 


respondents were particularly likely to 
score below the specified cut-point, de- 
spite the fact that they were no more 
likely to be diagnosed as demented 
than those from more privileged 
backgrounds.*"“ 


Score Distributions 


The Figure shows scores of normal, 
minimally demented, and mildly de- 
mented subjects on the memory and 
Blessed-Roth disability scales. Note 
that the scales work in opposite direc- 
tions since active, mentally alert sub- 
jects should normally achieve high 
memory scores but low disability 
scores, while demented subjects 
should normally have low memory 
scores but higher disability scores. 
Memory scores covered a wide range 
and were generally high, while disabil- 
ity scores covered a narrower range 
and were generally low. Predictably, 
memory scores declined with advanc- 
ing levels of dementia from a mean 
value of 13.5 (SD + 3.8) for normal 
subjects to 11.0 (+4.0) for minimally 
demented subjects and 6.8 (+4.1) 
for mildly demented subjects (Krus- 
kall-Wallis test, P < .00005). Con- 
versely, disability scores increased 
from 1.9 (+3.0) to 3.5 (+3.1) and 6.8 
(+4.2) for normal, minimally, and 
mildly demented subjects, respectively 
(P < .00005). Even so, there was a 
marked overlap in scores on both 
scales. 


Diagnoses vs Test Scores 


Table 2 lists the numbers of normal, 
minimally, and mildly demented sub- 
jects with high, intermediate, and low 
scores on the memory and Blessed- 
Roth disability scales. As expected, 
most norma] subjects lie in the top 
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Scores on the memory and Blessed-Roth disability scales for normal, minimally, and mildly demented subjects. 


left-hand corner of the table (good 
memory, low disability), while most 
mildly demented subjects lie in the 
bottom right-hand corner (poor mem- 
ory, high disability). A simple classifi- 
cation system based on the three cells 
in the bottom right-hand corners per- 
formed surprisingly well in distin- 
guishing between normal and mini- 
mally demented subjects on the one 
hand and mildly demented subjects on 
the other. Cells 6, 8, and 9 contain 91% 
(83/91) of the mildly demented group, 
while the remaining cells contain 84% 
(187/222) of the normal and minimally 
demented groups. However, as many 
as 30% (35/118) of subjects in cells 6, 
8, and 9 were judged to be normal or 
minimally demented and the remain- 
der of this section concerns respon- 
dents who occupy anomalous posi- 
tions. For convenience, subjects have 
been divided into seven groups accord- 
ing to their positions in Table 2. 


Group A 


Twenty-two normal respondents 
had poor or intermediate memory 
scores and high or intermediate scores 
on the Blessed-Roth disability scale 
(cells 6, 8, or 9). Six had major depres- 
sive illnesses and seemed to do badly 
on testing because of poor concentra- 
tion and motivation. Four of them 
gained points on the disability scale, 
not because of cognitive impairment, 
but because of their need for prompt- 
ing and supervision and, in one case, 
because of urinary incontinence that 
had been present for many years fol- 
lowing surgery. 

Three respondents did badly on test- 
ing and needed help with everyday 
tasks because of blindness, deafness, 
aphasia, or physical incapacity. Of the 
remainder, two were delirious; one was 
mentally handicapped but continued 
to function at her usual low level; one 
was of limited intellect and had always 
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Table 2.—Distribution of Trisected Scores on the Memory and Blessed-Roth Disability 
Scales for Normal, Minimally, and Mildly Demented Subjects* 
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* Cell numbers are subscripted. Minus signs indicate 0. 


needed help with shopping and paying 
bills, and two had chronic, relapsing 
manic-depressive psychoses. An eld- 
erly man who did badly on one memory 
test, but satisfactorily on the others, 
was described by his son as having 
great difficulty in recalling recent 
events. This was at odds with the psy- 
chiatrist’s own assessment but, as the 
son had failed to visit his father for 
more than 1 year, his opinion was 
overruled. Finally, one profoundly 
deaf man looked vague and perplexed, 
did badly on testing, and was said by 
his wife to be forgetful and muddled. 
She retracted this later, claiming that 
he managed the garden and odd jobs 
around the house. This seemed highly 
implausible given his marked physical 
frailty, but his poor performance was 
attributed to deafness. In retrospect, 
however, he was almost certainly de- 
menting. 


Group B 


Fifteen normal subjeets did badly on 
testing, but received low disability 
scores (cell 3). There were obvious rea- 
sons for the discrepancy in 11 cases, 
including depression, chronic schizo- 
phrenia, blindness, deafness, terminal 
cancer, limited English, and illiteracy 
coupled with extreme anxiety. The 
psychiatrist considered the possibility 
of an amnestic disorder in the case of 


a difficult, uncooperative man with a 
long history of alcohol abuse but his 
daughter dismissed his forgetfulness 
as just another sign of his “lazy, good- 
for-nothing ways.” Unfortunately, he 
died before he could be reviewed and 
his true status remains unknown. The 
five remaining subjects, who were de- 
scribed as being occasionally forgetful, 
were all bright and lively and perfectly 
capable of managing their own affairs. 


Group C 


Six normal old people did well on 
testing but had high disability scores 
(cell 7), usually because of physical in- 
firmity. Three had had strokes, one 
was partially sighted and deaf, and 
two were ill but their informants de- 
nied any mental changes. 


Group D 


Twenty-two normal subjects scored 
in the middle range on both scales (cell 
5). Six had difficulty completing the 
memory tests because of a physical 
handicap and received higher than av- 
erage scores on the disability scale for 
the same reason. Another five were 
physically handicapped and depressed; 
one was delirious; one had an organic 
personality disorder following a stroke 
and one spoke so little English that she 
had difficulty understanding the ques- 
tions put to her. Two women, who had 
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always been clinging and dependent, 
became anxious on testing, refused to 
exert themselves, and simply gave up. 
The remaining five subjects were said 
to be occasionally forgetful but their 
lapses were of no practical conse- 
quence and they appeared to the inter- 
viewers to be bright, alert, and fully in 
touch with recent events. 


Group E 


One diabetic woman who was rated 
as mildly demented scored in the mid- 
die range on memory tests and had a 
low disability score (cell 3). This seems 
anomalous but she was also disori- 
ented to time, and her daughter re- 
ported a 10-year history of gradually 
progressive apathy, withdrawal, and 
declining personal standards. How- 
ever, when she was seen 1 year later, 
her insulin-dependent diabetes had 
come under better control, she was 
much more responsive, and she did 
better on testing. The psychiatrist re- 
classified her as minimally impaired 
but, in hindsight, her mental impair- 
ment had probably been exacerbated 
by hyperglycemia at the time of her 
first assessment. 


Group F 


Two mildly demented subjects re- 
ceived low disability scores (cell 3). 
One had a congenital deformity and 
had always been cared for by a younger 
sibling. The latter acknowledged a de- 
gree of forgetfulness and indecisive- 
ness, but she explained these changes 
in physical terms, presumably out of 
habit. In the other case, a simple, 
poorly educated man denied that his 
wife had deteriorated despite the fact 
that she failed every memory test and 
could not recall what had happened 
earlier that day. He had gradually 
taken over responsibility of running 
the house but he enjoyed this so much 
and made so few demands of his spouse 
that he seemed genuinely not to notice 
what was apparent to the psychiatrist 
within a minute or two of meeting her. 


Group G 


The two seemingly mildly demented 
women who performed well on mem- 
ory tests but received high disability 
scores were of particular interest (cell 
7). One had a long history of depression 
and described a number of depressive 
symptoms, but the interviewer was 
struck by her inertia and perplexity, 
her disorientation to time, and her 
marked constructional dyspraxia. The 
nursing home officer who had known 


-+ her for many years reported that she 
. was difficult, demanding, and oecasion- 


ally muddled in her thinking, but oth- 
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erwise mentally intact. In retrospect, 
it seems highly likely, in view of her 
good performance on memory tests, 
that she was depressed with secondary 
cognitive impairment and that her 
dyspraxia was due to the focal effects 
of a small stroke sustained several 
years previously but, unfortunately, 
she moved away and could not be 
reviewed. 

Important clinical features may 
have been missed in the ease of another 
elderly woman who was judged to be 
demented despite her good perfor- 
mance on testing. She looked bewil- 
dered at the time of her first assess- 
ment, her speech was rambling and 
repetitive, and her daughter described 
fluctuating disorientation and confu- 
sion. She was profoundly demented 2 
years later, but it was noticed when 
compiling this report that her symp- 
toms had developed after a blow to her 
head, which raises the possibility of a 
chronic subdural hematoma. The in- 
terviewer was correct to attend to the 
informant’s report of variable confu- 
sion but remiss in failing to attend to 
its practical implications. 


COMMENT 


The methods used to examine the 
impact of functional psychiatric ill- 
ness, physical infirmity, and the per- 
ceptiveness of informants are con- 
trived but, despite this, they serve to 
highlight a number of important 
points. Subjects rated as cognitively 
intact achieved significantly better 
scores on the average than mildly de- 
mented people, but the overlap in 
memory and behavioral scores was so 
marked that demarcations based on 
absolute levels of performance would 
have resulted in many erroneous diag- 
noses. The same applies to a rudimen- 
tary classification based on trisected 
scores. This worked much better than 
expected, bearing in mind that respon- 
dents who scored 26 points or more on 
the Mini-Mental State Examination 
were excluded together with those who 
were markedly demented but, even so, 
30% of subjects whose scores fell 
within the relevant cells (cell 6, 8, or 9) 
failed to meet the criteria for mild de- 
mentia. 

Berg and colleagues have shown 
that mild dementia, and even very 
mild dementia, can be reliably and 
validly diagnosed in carefully selected 
hospital populations. As in our study, 
psychometric scores were of limited 
value in themselves," but standardized 
ratings based on detailed assessments 
were in striking accord with autopsy 
findings.'“'5 Subjects with physical, 
neurologic, or psychiatric disorders 





were excluded from their studies’** 
but epidemiologists are required to | 
make a judgment in the case of every _ 
person seen and they frequently con- 
tend with difficult and confusing pre- 
sentations. 

Clinical assessments have the ad- 
vantage that many different factors 
can be considered, but complex judg- ` 
ments based on subjects’ backgrounds, 
social circumstances, and physical 
health open the way to low levels of 
interobserver reliability. The Diag- 
nostic and Statistical Manual of 
Mental Disorders, Revised Third Edi- 
tion and CAMDEX criteria have much 
in common; they specify the types and 
numbers of abnormalities required for 
diagnosis but they lack clear anchor 
points, and clinicians working in dif- 
ferent centers might arrive at differ- 
ent interpretations.” Individual re- 
search teams can achieve high levels of 
agreement. The CAMDEX interview- 
ers, for example, assigned identical 
diagnoses and severity levels in 20 
of 23 joint interviews but, significant- 
ly, all three disagreements related to 
minimal and mild dementia.” Sim- 
ilarly, when a random selection of 20 
CAMDEX schedules from each of the 
five severity ratings was rated blindly 
using the Clinical Dementia Rating 
scale,” the level of agreement was ac- 
ceptably high at 75%. However, six of 
the 20 subjects who were classified as 
normal by CAMDEX were rated as 
questionably demented on the Clinical — 
Dementia Rating Scale and two were 
rated as mildly demented.” 

Premorbid ability, mood, motiva- 
tion, sensory deficits, and physical in- 
capacity must all be considered when 
attempting to distinguish between 
normal aging and mild dementia, al- 
though it is difficult to conceive of any 
system capable of distinguishing be- 
tween the two with perfect reliability 
and validity in unselected populations. 
A dimensional view of dementia, 
which separates “eases” from “non- 
cases,” requires that failure to answer 
a question because of deafness, for ex- 
ample, be distinguished from failure 
due to organic mental disorder, but 
deafness and dementia both increase 
with age and many demented people 
are also deaf.” Clearly, the way in 
which this problem is resolved will de- 
termine who is and who is not classi- 
fied as demented. 

Informants’ accounts were highly 
consistent with other independent 
measures of cognition and behavior 
and proved immensely helpful in mak- 
ing sense of complex cases.” Historical 
information is essential if people suf- 
fering from schizophrenia, amnestie 
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disorders, delirium, and other disabil- 
ities are to be classified correctly but, 
clearly, small numbers of relatives 
provided misleading answers, usually 
through ignorance or emotional bias.” 
In addition, informants will some- 
times minimize early mental changes 
or attribute them to laziness or awk- 
wardness but, as before, these differ- 
ences in sensitivity and attribution 
will be felt most keenly at the border- 
line between normal aging and mild 
cognitive impairment. 

Dementia can also be seen as part of 
a continuum, in the sense that no clear 
boundaries exist between normal men- 
tal function; minor lapses of memory 
and judgment that are of no practical 
consequence, at least for the present; 
and early dementia. Scores on memory 
tests and behavioral ratings are 
smoothly and continuously distributed 
in representative samples“ and the 
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numbers of senile plaques and neu- 
rofibrillary tangles found at autopsy 
increase smoothly and continuously 
with advancing age. Indeed, it 
seems likely that a sizable proportion 
of the normal subjects considered in 
this study, who had all scored 25 points 
or less on the Mini-Mental State Ex- 
amination, had a greater than average 
number of plaques, tangles, infarc- 
tions, and other lesions for their age, 
but not in sufficient numbers to pro- 
duce clinical decompensation.” 

This is not to say that dementia does 
not exist. It does exist and efforts to 
diagnose dementia in its early stages 
will assume particular significance 
should pharmacologic treatments be- 
come available. The dividing line be- 
tween normality and early dementia 
might prove to be considerably more 
fluid than expected, however, and clin- 
ical findings of the kind we presented 
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be habitforming}; butalbital 50 mg lWarning: May be habit-forming}, 
caffeine 40 mg; and aspirin 325 mg} 





Potent relief of tension headache pain 


Please see brief summary on folowing page 
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BRIEF SUMMARY: Please see package insert for full prescribing information. 


FIORINAL= 
(Codeme phosphate USP, 30 mg warning: may be habit forming}, butalbital USP, 50 mg {warming may be habit 
forming), caffeine USP. 40 mg; aspirin USP. 325 mg) 


CAUTION: Federal law prohibits dispensing without prescription. 


CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions: 

1. Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine. 

2. Patients with a hemorrhagic diathesis {e.g.. hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenias, thrombasthenia and other tl-defined hereditary platelet dysfunctions, severe vitamin K deficiency 
and severe liver ; 

3. Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspirin or other nonsteroidal 
anti-inflammatory drugs. Anaphylactoid reactions have occurred in such patients, 

4. Peptic ulcer or other serious gastrointestinal lesions. 

5, Patients with porphyria, 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. It 
should be ascertained # the patient is allergic to aspirin, although a specific history of allergy may be lacking 

Significant bleeding can result from aspirin therapy in patients with peptic ulcer or other gastrointestinal lesions, 
and in patients with bleeding disorders. 

Aspirin administered pre-operatively may prolong the bleeding time 

in the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as their capacity for elevating cerebrospinal fluid pressure. 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course of patients with head injuries. 

Codeine or other narcotics may obscure signs on which to judge the diagnosis or clinical course of patients 
with acute abdominal conditions. 

Butalbital and codeine are both habit-torming and potentially abusable. Consequently, the extended use of Fiorinal® 
with Codeine is nol recommended. 

Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to children, including teenagers, with chicken pox or flu 


PRECAUTIONS: General: Fiorinal® with Codeine should be prescribed with caution for certain special-risk patients 
aen £ the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders, 
or injuries. 

sonn should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 
delects. 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspirin is particularly likely in patients with nasa! polyps, and relatively common in those with asthma. 

Information for Potients: Patients should be informed that Fionnal® with Codeine contains aspirin and should 
not be taken by patients with an aspirin allergy. 

Fiorinal® with Codeine may impair the mental and/or physical abilities required tor performance of potentially 
nados tasks such as driving a car or operating machinery. Such tasks should be avoided while taking Fiorinal® 
with Codeine. 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 
Codeine, and should be avoided. 

Codeine and butalbital may be habit-lorming, Patients should take the drug only for as long as it is prescribed, 
in the amounts prescribed, and no more frequently than prescribed. 

Laboratory Tests: In patients with severe hepatic or renal disease, effects of therapy should be monitored with 
serial liver and/or renal function tests. 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase {MAO) inhibitors. 

In patients receiving concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and their withdrawal is followed 
by return to normal rates of renat clearance. 

Fiorinal® with Codeine may enhance the effects of 
1, Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 

from protein binding sites. 

2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, if dosage of Fiorinal® 
with Codeine exceeds maximum recommended daily dosage. 

3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from binding sites, and, in the case of methotrexate, also reducing its excretion. 

4. pari anti-inflammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 
effects. 

5. Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnotics, 
or other CNS depressants, causing increased CNS depression 

Fiorinal® with Codeine may diminish the effects of Uricosuric agents such as probenecid and sulfinpyrazone, 
reducing their effectiveness in the treatment of gout. Aspirin competes with these agents for protein binding sites. 

Drug/Laboratory Test interactions 
Aspirin: Aspirin may interfere with the following laboratory determinations in blood: serum amylase, fasting blood 
glucose, cholesterol, protein, serum iutamic-oxalacetic transaminase {SGOT}, uric acid, prothrombin time and bleeding 
time. Aspirin may interfere with the following laboratory determinations in urine: glucose, 5-hydroxyindoleacetic acid, 
Gerhardt ketone, vanillyimandelic acid (VMA\, uric acid, diacetic acid, and spectrophotometric detection of barbiturates. 
Codeine: Codeine may increase serum amylase levels. 

Carcinogenesis, Mutagenesis, | t of Fertility: Adequate long-term studies have been conducted in mice 
and rats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was seen. 
No adequate studies have been conducted in animals to determine whether aspirin has a potential for nesis 
or impairment of fertility, No adequate studies have been conducted n animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, of impairment of fertility 
Usage in Pregnancy : 

Teratogenic Effects: Pregnancy Category C — Animal reproduction studies have not been conducted with Fiorinal® 
with It ig also not known whether Fiorinal@ with Codeine can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed. 

Nonteratogenic Effects: Although Fiorinal® with Codeine was not implicated in the birth defect, a female infant was 
born with lissencephaly pachygyria and heterotopic gray matter. infant was bom 8 weeks prematurely to a 
woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days ot 
pregnancy. The child's development was mildly delayed and from one year of age she had partial simple motor 
seizures. 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a butalbital-containing 
drug during the last 2 months of pregnancy Butalbital was found in the infant's serum. The infant was given phenobarbita! 
Smg/kg, which was tapered without further seizure or other withdrawal symptoms. 

Studies of aspirin use in pregnant women have nol shown that aspirin increases the risk of abnormalities when 
administered during the first rimester of pregnancy In controlled stucies involv 41337 pregnani women and 
their offspring, there was no evidence that aspirin taken during ba pr caused stillbirth, death or reduced 
birth weight In controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect. 

Reproduction studies have been perlormed in rabbits and rats at doses up 10 150 fimes the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due tc codeine. 

Therapeutic doses of aspirin in pregnant women close to term may cause bleeding in mother, fetus, or neonate. 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery. 

Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
or neonate. Use ol codeine during labor may lead to respiratory depression in the neonate. 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in small amounts, ‘but 
the signiicance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established. 

ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiorini with Codeine and not reported al an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness. 

Associated with Treatment Discontinuation: Of the 382 patients treated with Fiorinal® with Codeine in controlled 
clinical triats, three 10.8%) discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons: gastrointestinal upset, lightheadedness and heavy eyelids, 
and drowsiness and generalized tingling 


Incidence in Controlled Clinica! iols The following table summarizes the incidence rates of the adverse e 
reported by at least 1% of the Forinal® wih Codeine treated patients in controlled clinical tials comparing Fiori 
with Codeine to placebo, and provides a comparison to the incidence rates reported by the placebo-tr patic 

The prescriber should be aware that these figures cannot be used to predict the incidence of side effec 
the course of usual medical practice where patient characteristics and other factors differ trom those that prev 
in the clinical trials. Similarly the cited frequencies cannot be compared with figures obtained from other cl 


investigations involving diferent treatments, uses, and investigators. 


Adverse Events Reported by at Least 1% of Fiorinol® with Codeine Treated Patients 
During Placebo Controlled Cinico! Tals 











26% 0.5 
intoxicated Feeling 10% 0% 
Nausea/Abdominal Pain 37% 08 





Other Adverse Events Reported During Controlled Clinical Trials: The listing that follows represents the prop 
of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who rep 
on ai least one occasion, an adverse event of the type cited. All reported adverse events, except those al 
presented in the previous table, are included. It is important to emphasize that, although the adverse events ref 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily œ 
by Fiorinal® with Codeine 

Adverse events are classified by body system and trequency “Frequent” is defined as an adverse event 
occurred in at least 1/100 (1%) of the patients; all adverse events listed in the previous table are frequent. “Infrec 
is defined as an adverse event that occurred in fess than 1/100 patients bul at least 1/1000 patients. AB ac 
events tabulated below are classified as infrequent 

Central Nervous: headache, shaky feeling, tingling, agitation, tainting, fatigue, heavy eyelids, high energy, hot £ 
numbness, and sluggishness. 

Autonomic Nervous: dry mouth and hyperhidrosis. 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn. 

Cardiovascular tachycardia. 

Musculoskeletal: leg pain and muscle fatigue. 

Genitourinary: diuresis. 

Miscellaneous: pruritus, fever, earache, nasal ion, and tinnitus, 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been rec 
since market introduction and that were not reported in clinical trials by the patients teated with Fiorinalt 
Codeine, are listed below Many or most of these events may have no causal relationship with the drug an 
listed according to body system. 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, u 
sciousness, vertigo. 

Autonomic Nervous: epistaxis, flushing, miosis, salivation, . 

Gastrointestinal: anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastroint 
spasm, hiccup, mouth burning, pyloric ulcer 

Cardiovascular: chest pain, hypotensive reaction, palpitations, syncope. 

Skin: erythema, erythema multiforme, exfoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficu 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythre 
{stomach upset), edema. i 

ential effects of the components af Fic 
SAGE section of this insert. 


The following adverse drug events may be borne in mind as 
with Codeine. Potential effects of high dosage are listed in the OVE: 

Aspirin: occult blood loss, hemayic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prol 
periods, impaired urate excretion, hepatitis. 

Caffeine: cardiac stimulation, irritability tremor, dependence, nephrotoxicity, hyperglycemia. 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus, 

DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Adminis 
and is classified under Schedule iil 

Codeine: Codeine can produce drug of the morphine type and, therefore, has the poten 
being abused. Psychologica! , physical dependence, and tolerance may develop upon fe) 
administration and it should be prescribed and administered with the same degree of caution appropriate 
use of other oral narcotic medications. 

Butalbital: Barbiturates may be habit ren Jlerance: pachologio dependence, and physical deper 

may occur especially following prolonged use of high doses of barbiturates. The average daily dose for the bart 
addict is usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the 
level of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. 
occurs, the margin between an intoxication dosage and fata! dosage becomes smaller. The lethal dose of a bart 
is far fess if alcohol is also ingested. Major withdrawal symptoms (convulsions and delirium) may occur wil 
hours and last up to 5 days after abrupt cessation of these drugs. intensity of withdrawal symptoms gradually d 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and ( 
withdrawal of the drug. Barbiturate-dependent patients can be withdrawn by using a number of different witt 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually dec 
the daily dosage as tolerated by the patient. 
OVERDOSAGE: The toxic effects of acute overdosage of Fiorinal® with Codeine capsules are attributable 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffein 
in very high dosages only the possibilty of significant caffeine toxicity from Fiorinal® with Codeine over 
is unlikely 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, confusi 
coma; t depression; hypotension; shock. Symptoms attributable to acute aspirin poisoning include hyp 
acid-base di nces with development af metabolic acidosis, vomiting and abdominal pain, tinnitus, hypert 
hypoprothrombinemia, restlessness, delirium; convulsions. Acute caifeine poisoning may cause insomnia, restie 
tremor, and delirium; tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad ots 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur. 

Teatment: The foliowing paragraphs describe one approach to the treatment of overdose with Fiorina 
Codeine. However, because strategies for the management of an averdose continually evolve, consultation 
regional poison control center is strongly encouraged. 

eatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeit 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with « 
in che conscious patient. Gastric lavage may be used if the pharyngeal and laryngeal reflexes are prest 
if less than 4 hours have elapsed since ingestion. A cufled endotracheal tube should be inserted before 
favage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkaliniz 
the urine, and correction of electrolyte disturbances should be accomplished through administration of intre 
fluids such as 1% sodium bicarbonate and 5% dextrose in water. 

Meticulous attention should be given to maintaining adequate pulmonary ventilation. Correction of hype 
may require the administration of levarterenol bitartrate or phenylephrine hydrochioride by intravenous ink 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be tit 
Hypoprathrombinemia should be treated with vitamin K, intravenously. 

Methemoglobinemia over 30% should be treated with methylene blue by slow intravenous administration. 

Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid o 
Typically a dose of 0.4 mg to 2 mg is given parenterally and may be repeated if an adequate respons 
achieved. Since the duration of action of codeine may exceed thal of the antagonist, the patient should 
under continued surveillance and repeated doses of the antagonist should be administered as needed to 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant re: 
or cardiovascular depression. 


Sutalbital: toxic dose 1.0 g {aduti}; lethal dose 2.0-5.0 g 
Aspirin: toxic blood level greater than 30 mg/100 mL, lethal dose 10-30 g {adui} 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g (adull} 
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Excellent 
Symptom Control 


“Pimozide produced significantly more 
improvement of symptoms and less 
akinesic adverse effects than haloperi 
_. Improvement of 70% or more \ 
reported by 74% of patients on pimo 
compared with 45% on haloperidol 
(p<.02), and 84% rated pimozide better 

an haloperidol! 


Significantly Less 
Sedation than 


Haloperidol 


In a double-blind, placebo-controlied 
study, `‘Pimozide was associated witn 
lethargy or tiredness on significantly fewer 
days than haloperidol (p <.01), and this 
was reflectec in greater immediate and 
long-term patient acceptance... ’'2 


Documented 
Clinical Experie 


Pimozide has been used in the treatm 
of Tourette Syndrome for over 


For more information on 
1-800-292-4283, 


AP is indicated for patients who have fail GATE Pharmaceuticats 
be see following page for a brief summa of Division of Lemmon Company 








ORAP™ _ TheLessSedating Therapy for Tourette Syndrome 


(pimozide) Tablets 


INDICATIONS AND USAGE 
ORAP (pimozide) is indicated for the suppression of motot and phonic tics in patients 
with Tourette's Disorder who have tated te respond satisfactorily to standard treatment, 
ORAP is not intended as a treatment of first choice nor is it intended tor the treatment for 
‘ics that are merely annoying or cosmetically troublesome. ORAP should be reserved tor 
use in Tourette's Disorder patients whose development and/or daily life function is 
severely compromised by the presence of motor and phonic tics. 
Evidence sapporting approval of pimozide for use in Tourette s Disorder was obtained 
in two controlled clinical investigations which enrolled patients betweert the ages of 8 and 
53 years, Most subjects ia the two trials were 12 of older. 


CONTRAINDICATIONS. 


Et ORAP ipimaride) is contraindicated in the treatment of simple tics or bes other 
than associated witt Tourette's Disorder. 

2. ORAP should not be used in patients taking drugs that may, themselves, cause 
motor and phonic tics (8.9, pemoline, methylphenidate and amphetamines} until 
Such patients have been withdrawn from these drugs to determine whether or aot 
the drugs, rather than Tourette's Disorder, are responsible tor the fics. 

3. Because ORAP prolongs the QT interval of the electrocardiogram it is 
contraindicated in patients with congenital long QT syndrome. patients with a 
history of cardiac arthythmias, or patients taking other drugs which protong the OT 
interval of the electrocardiogram (see DRUG INTERACTIONS} 

4. ORAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause 

5.  ORAP is contraindicated in patients with hypersensitivity to it. As it is not known 
whether cross-sensitivity exists among the antipsychotics, pimozide should be 
used wih appropriate caution in patents who have demonstrated hypersensitivity 
to other antipsychotic drugs. 


WARNINGS 
The use of ORAP (pimozide) in the treatment of Tourette's Disorder involves different 
rigkh/Denefit considerations than when antipsychotic drugs are used to treat other 
conditions. Consequently, a decision to use ORAP shout take into consideration the 
following: (see also PRECAUTIONS-intormation tor Patients). 


Tardive Oyskinesia A syndrome consisting of potentally irreversible, involuntary, 
dyskinetic movements may develop in patients treated with antipsychotic drugs 
Although the prevalence of the syndrome appears to be highest among the eiderty, 
especially elderly women, it is impossibie to rely upon prevalence estimates to predict. at 
the inception of antipsychotic treatment, which patients are likely to develop the 
syndrome Whether antipsychotic drug products differ in their potential to cause tardeve 
dyskmesia is unknown, 

Both the risk of developing tardive dyskinesia and the likelihood that it will become 
irreversible are believed to increase as the duration of treatment is withdrawn 

i treatment, itself, however, may suppress {or partially suppress) the sgns 
and symptoms of the syndrome and thereby may possibly mask the underlying process 
The effect that symptomatic suppression has upon the long-term course of the 
syndrome is unknown. 

Given these considerations, antipsychotic drugs should be prescribed in a manner 
that 18 most likely to minimize the occurrence of tardive dyskinesia. Chronic 
antipsychotic treatment should generally be reserved for patients who suffer from 3 
chronic ities that, 1) is known to respond to antipsychotic drugs, and. 2) for whom 
ahernative, equally effective, but potentially less narmful treatments are not available or 

in patients who do require chronic treatment, the smallest dose and the 
shortest duration of treatment producing a satistactory clinical response should be 
sought. The need tor continued treatment shouid be reassessed periodically. 

ff signs and symptoms of tardive dyskinesia appear in a patient on antipsychotics. 
drug discontinuation should be considered. However. some patients may require 
treatment despite the presence of the syndrome. 

{For harther information about the description of tardive dyskinesia and its clinical 

detection, please refer to ADVERSE REACTIONS and PRECAUT TONS~information tor 
Patients. 
Neuroleptic Malignant Syndrome (NMS) A potentially fatal symptom complex 
sometimes reterred to as Neuroleptic Malignant Syndrome (NMS) has been reported in 
association with antipsychotic drugs. Clinical eranitestations of NMS are hyperpyrexia. 
muscle rigidity, atered mental status (including catatonic signs} and evidence of 
autonomic instability (irreguiar pulse or blood pressure, tachycardia, diaphoresis, and 
cardiac dysrtythmias) Additional signs may include elevated creatine phosphokinase. 
myoglobinutia (rhabdomyolysis) and acute renal failure. 

The diagnostic evaluation of patients with this syndrome iS complicated. in arrnang at 
a diagnosis, it i important 1o identify cases where the clinical presentation includes both 
serious medical illness (e.g. pneumonia, systemic infection, etc.) and untreated or 
inadequately treated extrapyramidal signs and symptoms {EPS}. Other important 
considerations in the differential diagnosis include central anticholinergic toxicity, heat 
siroke. drug fever and primary central nervous system (CNS) pathology. 

The management ot NMS should include 1) immediate discontinuation of 
antipsychotic drugs and other drugs not essential to concurrent therapy, 2) intensive 
symptomatic treatment and medical monitoring, and 3) treatment ‘of any concomitant 
serious medical problems for which specific treatments are available There is no general 
agreement about specific pharmacological treatment regimens for uncomplicated NMS. 

if a patient requires antipsychotic drug treatment after recovery from NMS. the 
potential reintroduction of drug therapy should be carefully considered. The patient 
should be carefully monitored, since recurrences of NMS have been reported 

Hyperpyrexia, not associated with the above symptom complex, has been reported 
with other antipsychotic drugs. 

Other Sudden, unexpected deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder. These deaths occurred while patients were receiving 
dosages in the range of t mg per kg. One possible mechanism for such deaths is 

‘of the OT interval predisposing patients to ventricular arrhythmia. An 
electrocardiogram should be pertormed before ORAP treatment is initiated and 
periodically thereafter. especially during the period of dose adjustment 

DRAP may have a tumorigenic potential. Based on studies conducted in mice, i iS 
inoan that pimozide can produce a dose related increase in pituitary tumors. The full 
significance of this finding és not known, bul should be taken into consideration in the 
physician's and patient's decisions to use this drug product. This finding should be givens 
special consideration when the patient is young and chronic use of pimozide is 
anticipated. (see PRECALITIONS~Carcmogenesis. Mutagenesis, impairment ot Fertiity) 


PRECAUTIONS 

General ORAP {pimozide} may impair the mental and/or physical abilities required for 
the performance of potentially hazardous tasks, such as driving a car or operating 
machinery, especially during the first tew days of therapy. 

ORAP produces anticholinergic side effects and should be used with caution in 
individuals whose conditions may be aggravated by anticholinergic activity. 

ORAP should be administered cautiously te patients with impairment of liver or 
kidney function, because it is metabolized by the liver and excreted by the kidneys. 

Antipsychotics should be administered with caution to patients receiving 

medication, with a history of seizures, or with EEG abnormalities, because 

Shey may tower the convulsive threshold ff indicated, adequate anticonvulsant therapy 
should be maintained concomitantly. 
Laboratory Tests An ECG should be done at baseline and periodically thereafter 
‘throughout the period of dose adii t Any indication ot prolongation of QT, interval 
beyond an absolute fmit of 0.47 seconds (chidren) or 0.52 seconds (adults). oF more 
than 25% above the patient's original baseline should be considered a basis for stopping 
further dose increase {see CONTRAINDICATIONS) and considering a lower dose 

Since hypokalemia has been associated with ventricular arrhythmias. potassium 
insufficiency, secondary to diuretics, diarrhea, ar other cause, should be correctad before 
ORAP therapy is initiated and normal potassium maintained during therapy 


Drug Interactions Because ORAP prolongs the QF interval of the electrocarthogram, an 
additive effect on OT interval would be anticipated îi administered with other drugs. such 


as . Incyche antidepressants of antiarthythmic agents, which prolong the 
OT intervat. Such concomitant administration should not be undertaken (see 
CONTRAINDICATIGNS) 


ORAP may be capable of potentiating CNS depressants, including analgesics, 


Carcinogenesis, Mutagenesis. Impairment of Fertility Carcinogenicity studies were 
conducted a mice and rats. in mice, pimozide causes a dose-related increase in pituitary 
and mammary tumors 

When mice were treated for up to 18 months with pimozide, pituitary gland changes 
developed in females only. These changes were charactenzed as hyperplasia at doses 
approximating the human dose and adenoma at doses about fifteen times the maximum 
recommended human dose on a mg per kg basis. The mechanism for the induction of 
pituitary tumors in mice is not known 

Mammary gland fumors in female mice were also increased, but these tumors are 
expected in rodents treated with antipsychotic crugs which elevate protactin levels. 
Chronic administration of an antipsychotic also causes elevated prolactin fevels in 
humans. Tissue cutture experiments indicate thal approximately one-thud of human 
breast cancers are protactin-dependent in vitro. a factor of potential importance íf the 
prescription of these drugs is contemplated in a patent with a previously detected breast 
cancer Although disturbances such as galactorthea, amenorrhea, gynecomastia, and 
impotence have been reported with antipsychotic drugs. the clinical significance of 
elevated serum protactin levels is unknown for most patients. Neither clinical studies nor 
epidemiologic studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence. 
however, is considered too limited to be conclusive at this time 

in a 24 month carcinogenicity study in rats, animals received up fo 50 times the 
maximum recommended human dose. No increased incidence of overall tumors or 
tumors at any site was observed in either sex Because of the limited number of animats 
surviving this study, the meaning of these results is unclear. 

Pimonde did not have mutagenic activity in the Ames test with four bacterial test 
strains, in the mouse dominant lethal test or in the micronucleus test in rats. 

Reproduction studies in animals were not adequate to assess all aspects of fertility 
Nevertheless, female rats administered pimozide nad prolonged estrus cycles, an effect 
also produced by other antipsychotic drugs 


Pregnancy Category C. Reproduction studies pertormed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not reveal evidence of teratogenicity. in the 
rat, however, this multiple of the human dose resulted in decreased pregnancies and in 
the retarded development of fetuses. These effects are thought to be due to an inhibition 
or detay in implantation which is also observed in rodents administered other 
antipsychotic drugs. in the rabbit. maternal toxicity, mortality, decreased weight gain, 
and embryotoncity including increased resorptions were dose related. Because animal 
reproduction studies are not always predictive of human response. pimozide shouid be 
Given to a pregnant woman only it the potential benefits of treatment clearty outweigh the 
potential risks. 


Labor and Delivery This drug has no recognized use sn tabor or delivery. 


Nursing Mothers its not known whether pimoade 1s excreted in human mik. Because 
many drugs are excreted in human milk and because of the potential for tumorigenicity 
and unknown cardiovascular effects in the intant, a decision should be made whether to 
discontinue nursing of to discontinue the drug, taking into account the importance of the 
drug to the mother. 


Pediatr Lise Although Tourette's Disorder mos: often has its onset between the ages of 
2 asd 15 years, information on the use and efficacy of ORAP in patients iess than 12 
years of age is limited. 

Because its use and safety have not been evaluated in other childhood disorders 
ORAP is not recommended for use in any condition other than Tourette's Disorder. 


ADVERSE REACTIONS 
General. Extrapyramidal Reactions: Neuromuscular (extrapyramidal) reactions dunng 
the administration of ORAP (pimozide) have heen reported frequently, often: during the 
first few days of treatment. In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed. were usually mild to moderately severe and 
usually reversible. 

Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia. 
hypertefiexia, opisthotanos, oculogync crises) have been reported tar fess trequently. 
Severe extrapyramidal reactions have been revorted to occur at relatively low doses. 
Generally the occurrence and seventy of most extrapyramidal symptoms are dose related 
since they occur at relatively high doses and have been shown to disappear or become 
jess severe when the dose is reduced. Administration of antiparkinson drugs such as 
benztropine mesylate or trihexyphenidy! hydrochloride may be required for control of 
such reactions. tt should be noted that persistent extrapyramidal reactions have been 
reported and thatthe drug may have to be discontinued in such cases 

Withdrawal Emerge Neurological Signs’ Generally, patients receiing shon term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs. 
However, some patients on maintenance treatment experience transient dyskinetc signs 
after abrupt withdrawal. in certain of these cases the dyskinetic movements are 


Duckering of mouth, chewing movements) 
involuntary movements of extremities and the trunk. 

There is no known effective treatment for tardive dyskinesia: antiparkinson agents 
usually do not alfeviate the symptoms of “his syndrome. itis suggested that afi 
antipsychotic agents be discontinued if these symptoms appear Shouid È be necessary 
to reinstitute treatment, or increase the dosage of the agent. or swrich to a dierent 
antipsychotic agent, this syndrome may be masked. 

Wt has been reported that fine vermicular movement of the tongue may be an éarty 
sign of tardive dyskinesia and # the medication is stopped at that time the syndrome may 
not develop. 

Slectrocardiographic Changes. Flectracardiographie changes have been observed in 
clinicat trias of ORAP in Tourette's Disorder and schizophrenia. These have included 
prolongation of the QT interval, flattening. neeching and inversion of the T wave and the 
appearance of U waves. Sudden, unexpected deaths and grand mal seizure have 
occured at doses above 20 mg/day 


Ciinical Trias The following adverse reaction tabulation was derived from 20 patients in 
a 6 week iong placebo controled clinical tria! af ORAP in Tourette's Disorder 

Body System Pimoride Placebo 

Adverse Reaction {N= 20) (N= 20) 
Body as a Whole 
Headache 1 2 
Gastrointestinal 
Ory mouth 
Diarrhea 

Nausea 

Vora 
Eructations 
Thirsty 

Appetite increase 
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Body/System/ Pimozide Placebo 

Adverse Reaction {N= 20) {N= 20) 

Endocrine 

Menstrual disorder 0 1 

Breast secretions 0 1 

Musculoskeletal 

Muscle cramps 0 4, 

Muscle tightness 3 Q 

Stooped posture 2 9 

CNS 

Drowsiness 7 3 

Sedation 14 5 

insomnia 2 2 

Dizziness o 4 

Akathisia 8 0 

Rigidity 2 0 

Speech disorder 2 0 

Handwriting change t 0 

Akinesia 8 0 

Psychiatric 

Depression 2 3 

Excitement 0 1 

Nervous t 0 

Adverse behavior 5 0 
effect 

Special Sense 

Visual disturbance 4 0 

Taste change 1 0 

Sensitivity of eyes 1 9 
to light 

Decreased accom: 4 1 
modation 

Spots before eyes 0 1 

Urogenital 

impotence 3 0 


Because clinica! investigational experience with ORAP in Tourette's Disorder is 
limited, uncommon adverse reactions may not have been detected. The physician 
Other Adverse Reactions in addition to the adverse reactions listed above, those listed 
below have been reported in U.S, clinical trials of ARAP in conditions other than 
Tourette's Disorder. 

Body as a Whol: Asthenia, chest pain, periorbital edema 

Cardiovascular/Respiratory. Postural hypotension, hypotension, hypertension 
tachycardia, palpitations 

Gastrointestinal: increased salvation, nausea, vomiting, anorexia, Gi distress 


Metabolc/Nutritional: Weight gain, weight loss 

Central Nervous System’ Dizziness, tremor, parkinsonism, fainting, dyskinesia 

Psychiatric. Excitement 

Skin. Rash, sweating, skin irritation 

Special Senses: Blurred vision, cataracts 

Urogenital: Nocturia, urinary frequency 
Postmarketing Reports The tollowing experiences were described in spontaneous 
postmarketing reports. These reports do not provide sufficient information to establish a 
clear causal relationship with the use of ORAP. 

Hematologic: Hemolytic anemia 


OVERDOSAGE 
in general, the signs and symptoms of overdosage with ORAP (pimozide) would be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of which would be: 1) electrocardiographic abnormalities, 2} severe 
extrapyramidal reactions, 3) hypotension, 4) a comatose state with respiratory 
depression. 
in the event of overdosage, gastric lavage, establishment of a patent airway and, if 
necessary mechanicaily-assisted respiration are advised, Electrocardiographic: 
immediately and continue unti the ECG parameters are 


DOSAGE AND ADMINISTRATION 

Reliable dose response data for the effects of ORAP (pimozide) on tic manifestations 
in Tourette's Disorder patients below the age of twelve are not available. Consequently. 
the suppression of tics by ORAP requires a stow and gradual introduction of the drug. 
The patient's dose should be carefully adjusted to 2 point where the suppression of tics 
and the relie! afforded is balanced against the untoward side effects of the drug. 

‘An ECG should be done at baseline and periodically thereafter, especially during the 
period of dose adjustment (see WARNINGS and PRECAUTIONS -Laboratory Tests). 

Jn general, treatment with ORAP should be initiated with a dose of 1 to 2 mg a day in 
divided doses. The dose may be increased thereafter every other day. Most patients are 
maintained at iess than 0.2 mg/kg per day, or 10 mg/day, whichever is less, Doses 


recommended in any case 


HOW SUPPLIED 
ORAP (pimozide) 2 mg tablets, white, scored. imprint “LEMMON” and “ORAP-2"~-NOC 
57844-187-01. bottles of 100. 
Dispense in tight, ight-resistant containers as defined in the official compendiuc. 


Made in Canada 
Manutactured by: 
McNeil Pharmaceutical, (Canada) Lid. Printed in USA 
Stoutivitie, Ontario LAA 7x? Rev. A 6/88 





GATE Sison of Lemmon Company 
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Cerebral Structure on Magnetic Resonance Imaging 


Terry L. Jernigan, PhD; John R. Hesselink, MD; Elizabeth Sowell; Paula A. Tallal, PhD 


© Using magnetic resonance imaging 20 
_danguage- and. learning-impaired children 
were compared with 12 normal control sub- 
jects. Gross brain structure was remarkably 
normal in the language- and learning-im- 
paired group. Semiautomated morphometry 
was used to measure hemispheric volumes 
and cerebral asymmetries in six cerebral re- 
gions. The volume of the left posterior peri- 


_ sylvian region was significantly reduced in 






language- and learning-impaired children. 
ymmetries in inferoanterior and supero- 


: posterior cerebral regions were also signifi- 


cantly different in this group. Resuits of de- 

‘geriptive group comparisons of estimated 
volumes of other cerebral gray-matter struc- 
tures raise the possibility that some lan- 
guage- and learning-impaired children may 
have additional volume reductions in cortical 
and subcortical structures. The results sug- 
gest that hemispheric specialization of func- 
tion may be anomalous in this population. 

(Arch Neurol. 1991;48:539-545) 


D evelopmental dysphasia is a specific 
disorder of language development 


*-of unknown etiology.’ Because the dis- 


¿corder is not life-threatening, neuro- 
pathological examinations have been 
reported in only a few cases.** Neuro- 
pathological studies of dyslexia, a close- 
ly related developmental disorder of 
reading,*” have led to hypotheses about 
its pathogenesis." Symmetry of the 
planum temporale of the posterotem- 
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poral lobe, an unusual finding in normal 
subjects, was noted in all dyslexic pa- 
tients examined in these studies. Also 
observed were frequent ectopias and 
dysplasias of the cortex. The planum 
symmetry appeared to be associated 
with larger right plana, rather than 
smaller left plana. It was hypothesized 
that injury to the brain during cortico- 
genesis may lead to enhanced survival 
of right planum neurons, which pro- 
duces anatomical symmetry and altered 
cerebral dominance. 

With the recent advent of noninva- 
sive, in vivo brain imaging methods, a 
few studies of dyslexia have been re- 
ported*” (reviewed by Hynd and Sem- 
rud-Clikeman"), These imaging stud- 
ies, employing several different 
measurement techniques, generally 
support neuropathological findings of 
unusual patterns of hemispheric asym- 
metry in dyslexic subjects. Of the new 
imaging techniques, magnetice reso- 
nance imaging (MRI) offers the most 
sensitive, noninvasive method for as- 
sessing brain structure during life and, 
as such, provides an unique opportunity 
for examining brain structure in chil- 
dren with specifie developmental lan- 
guage disabilities. 

In this study, MRI images from 20 
language- and learning-impaired (L/LD 
children and 12 matched control sub- 
jects were analyzed with semiauto- 
mated brain morphometry. Estimated 
volumes were obtained of cerebral re- 
gions and individual gray-matter struc- 
tures. Based on previous findings with 
dyslexic children, specific analyses 
were developed to determine whether 
L/LI children would show anomalous 
asymmetries relative to controls. 


SUBJECTS AND METHODS 


The sample studied was drawn from a larg- 
er sample of 95 specifically language-im- 
paired children and 60 age-, IQ-, race-, and 


_ In Language- and Learning-Impaired Children 


socioeconomic  status~matched controls, 
identified at the age of 4 years and studied 
longitudinally until the age of 8 years. Inclu- 
sion in the longitudinal study at the age of 
4 years was based on the following criteria 
for both groups: (1) performance TQ of 85 or 
greater; (2) normal hearing acuity, no motor 
handicaps, and no oral, structural, or motor 
impairments affecting nonspeech movement 
of the articulators; (3) an English language 
background without significant dialectical or 
language differences in the home environ- 
ment; (4) no obvious signs of infantile autism 
(as defined by Diagnostic and Statistical 
Manual of Mental Disorders, Third Edi- 
tion”); and (5) no known neurological disor- 
ders. Language-impaired children were at 
least 1 year behind chronological and nonver- 
bal mental age on a battery of standardized 
receptive and expressive language mea- 
sures. Normal control children met the same 
criteria as the language-impaired subjects 
except that their speech and language skills 
had to be within 6 months of their chronologi- 
cal age. 

A subset of children who completed all 
5 years of testing in the longitudinal study 
were selected to participate in this study. 
Twenty-eight children who continued to 
demonstrate significant language impair- 
ment as well as academic achievement defi- 
cits were selected as L/LI subjects. These 
subjects were selected initially based on 
their language impairment at the age of 
4 years. At the time of this imaging study, 
when they had an average age of 9 years, 
they continued to be language impaired, but 
in addition, many had severe learning dis- 
abilities that emerged during the longitudi- 
nal study. For this reason, these subjects 
have been classified as L/LI. They may or 
may not be the same as those children select- 
ed based solely on reading ability (ie, devel- 
opmental dyslexics), although they all did 
have severe reading impairment when MRI 
scanning was performed. Fourteen matched 
controls who demonstrated normal language 
development and academic achievement 
(reading, spelling, and mathematics) also 
agreed to participate. 

Eight of the L/LI children and two of the 
controls were unable to complete the proce- 
dure, or the magnetic resonance images were 
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technically inadequate for analysis owing to 
motion artifact. Thus, 20 L/LI children (13 
boys and seven girls) and 12 control children 
(eight boys and four girls), aged 8 to 10 years, 
were studied, Table 1 summarizes the sub- 
jects’ characteristics. The groups remained 
well matched for age and sex; however, the 
controls had a somewhat higher mean perfor- 
mance IQ. Seventeen of the L/LI children 
had Wechsler Intelligence Seale for Children 
performance IQs greater than 80. The re- 
maining three had performance 1Qs of 75, 73, 
and 64 (demonstrating a decrease from their 
previous performance IQs as measured at 
the age of 4 years). Also, at the time of MRI 
scanning, all L/LI children lagged 2 years 
behind chronological age on the Curtiss- Ya- 
mada Comprehensive Language Evaluation 
Expressive or Receptive scales, except for 
one child who lagged 1 year behind on both 
scales, but had mathematics and vocabulary 
percentile scores of 0. 

All but three children (two L/LI, one con- 
trol) were right-handed. Because of concern 
about altered cerebral organization and sym- 
metry in the left-handers, all analyses were 
conducted with and without these subjects. 
Both sets of results are given below, al- 
though they were virtually identical. 


MRI Protocol 


Magnetic resonance imaging was per- 
formed with a 1.5-T superconducting magnet 
(Signa; General Electric, Milwaukee, Wis) at 
the University of California, San Diego/AMI 
Magnetic Resonance Institute. Proton den- 
sity-weighted and T,-weighted images (Fig 
1) were obtained simultaneously for each see- 
tion, using an asymmetrical, multiple-echo 
sequence (repetition time, 2000 milliseconds; 
echo time, 25, 70 milliseconds) to obtain im- 
ages of the entire brain in the axial plane. 
Section thickness was 5 mm, with a 2.5-mm 
gap between successive sections in all in- 
stances, A 256 x 256 matrix and 24-cm field of 
view were used. Thus, a voxel measured 
0.9375 x 0.9375 x 5 mm, subtending a volume 
of 4.39 mm”. No sedation was used during 
these examinations. Informed consent and 
full cooperation were obtained from all of the 
children and their parents. 


MRI Analysis 


The primary goal of the image-analytic 
methods was to define a region that would 
include those posterior perisylvian cortical 
structures of the temporal and parietal lobes 
that were deemed most relevant for the af- 
fected language functions, and to ensure that 
this region would have consistent boundaries 
from one subject to the next. Of secondary 
interest were other regions, including such 
cortical structures as the anterior language 
areas in insular cortex and superior parietal 
association cortex. Finally, for the purpose of 
exploratory analyses, major subcortical 
structures were also examined. 

The visual identification of specifie struc- 
tures in magnetic resonance images is possi- 
ble beeause of the tissue contrast between 
the gray-matter structures and the sur- 
rounding white matter or cerebrospinal fluid 
(CSF). However, measurements of volumes 
of cerebral structures must overcome sever- 
al problems. First, because of partial volum- 
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Table 1.— Subject Characteristics * 




















MS Control L/L 
No. of subjects 12 (11) _ 20 (18) 

Sex, F/M 4/8 (3/8) 7/13 (6/12) 
Handedness, L/R 1/1449) 2/18 (18) 





Age, y, mean + SD 





9.0 + 0.7 (8.9 + 0.7) 


8.9 + 0.7 (9.0 + 0.7) 








WISC PIQ, mean + SD 


109 + 14 (110 + 14) 


97 + 16 (98 + 16) 










CYCLE age 
levels, mean + SD 


Expressive 


834 1.4 (8.2 + 1.8) 





4.8 + 1.2 {4.7 + 1.3) 





Receptive 








8.3 + 1.0 (8.4 + 0.9) 






5.3 + 1.4 (5.3 + 1,4) 





* Results omitting left-handed subjects are given in parentheses. L/LI indicates language and learning 
impaired; WISC PIQ, Wechsler Intelligence Scale for Children Performance 1Q; and CYCLE, Curtiss-Yamada 
Comprehensive Language Evaluation. CYCLE age levels are equivalents at 8-year-old testing. One L/LI subject 
who did not complete the WISC testing is omitted from the calculation of PIQ; his Leiter IQ was 118 less than 


1 year before scanning 





Fig 1.—Representative images from the standard protocol. Left, Repetition time, 2000 milliseconds; 
echo time, 25 milliseconds (proton density-weighted in text). Right, Repetition time, 2000 
milliseconds; echo time, 70 milliseconds (T,-weighted in text). Sections are 5 mm thick, with 2.5-mm 
gaps between images. A 24-cm field of view was used, and the matrix was 256 x 256. 


ing of gray matter, white matter, and CSF 
(or all three) at the edges of structures, defi- 
nite edges are not always present. This al- 
lows considerable scope for variability in sub- 
jective determinations of such boundaries, 
for example, when tracing methods are used, 
leading to measurement unreliability in the 
computed volumes. 

Visual determination of specific cortical 
structures on MRI depends on the presence 
of visible gross structural features relative to 
which the boundaries of the cortical regions 
ean be defined, Standard regional divisions 
for the cortex are largely based on cortical 
gyral patterns, but the accurate localization 
of particular gyri or sulci, throughout a series 
of images, is often impossible. Furthermore, 
some boundaries, such as that between pos- 
terotemporal and inferoparietal cortex, are 
not clearly defined in gross structural terms 
(Fig 2). Also, even when attempts are made 
to standardize head positioning, head rota- 
tion (relative to the imaging plane) occurs in 
all three planes. This is especially true with 
unsedated subjects who must be sufficiently 
comfortable in position te avoid movement 
during the imaging session. Careful inspec- 


tion indicates that small rotations substan- 
tially change the appearance of brain struc- 
tures in the image plane, further 
complicating their visual identification; in ad- 
dition, such rotations lead to spurious within- 
plane asymmetries of apparently comparable 
structures in the two hemispheres. Thus, 
manually tracing the structures in the sec- 
tions where they are best visualized often 
leads to inaccurate volume and asymmetry 
assessments. The following techniques are 
designed to address each of these difficulties. 

To facilitate and standardize the determi- 
nation of structural edges, the present meth- 
od involves a semiautomated classification of 
all pixels in the images based on their signal 
characteristics on the twe original images of 
each section. A detailed description of the 
basic image analysis method has been report- 
ed elsewhere.” Only a brief summary is pro- 
vided herein. For each axial brain section 
imaged, a computed matrix is produced. In 
this matrix, voxels are classified as most re- 
sembling (n signal strength) gray matter, 
white matter, CSF, or signal hyperintensi- 
ties (tissue abnormalities). The full series of 
axial images is analyzed, beginning at the 
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Fig 2.—The lateral surface of the brain (from Montemurro and Bruni), The primary lobes of the cortex are designated by 
stippling. Gross structural features such as the fissure of Rolando and the sylvian fissure provide partial lobar boundaries on the 
cortical surface. However, no gross anatomical landmarks are present on the surface of the posterotemporal and inferoparieta! 
lobes to define their boundary, and a somewhat arbitrary line is drawn. The anterior border of the occipital lobe also lacks 
surface landmarks for precise localization. 


bottom of the cerebellar hemispheres and 
extending through the vertex. 

Further manipulations to derive the mea- 
sures for this study were then made by 
trained operators, who were “blind” to sub- 
ject age or group status, using a stylus-con- 
trolled cursor on the displayed “pixe!-classi- 
fied” images. 


Definition of Subcortical Structures 


To delineate subcortical structures, the 
operators circumscribed pixels classified as 
gray matter that were visually determined to 
be in caudate nuclei, lenticular nuclei, and 
diencephalic gray-matter structures (includ- 
ing mammillary bodies, hypothalamic gray 


“matter, septal nuclei, and thalamus). They 


did not trace the edges of the structures but 


: ‘defined polygons that included all gray-mat- 





ter pixels within the structures, and exclud- 
ed those gray-matter pixels associated with 
other structures. In some cases, when the 
subcortical nuclei were contiguous with oth- 
er areas classified as gray matter but clearly 
not in the structures, boundaries were man- 
ually constructed. 


Definition of Cerebral Regions 


To define anatomically consistent cerebral 
regions, a method was adopted for making 
subdivisions of the cerebrum relative to the 
centromedial structural midline and two con- 
sistently identifiable points: the most anteri- 
or midline point in the genu and the most 
posterior midline point in the splenium of the 


corpus callosum. By calculating rotation an- 
-gles using these landmarks, a three-dimen- 


sional rotation of the images was performed, 


'-thus correcting each individuals image data 


Arch Neurol- Vol 48, May 1991 


for rotation out of the optimal imaging plane. 
Regions could then be constructed that re- 
sulted in highly consistent placement of re- 
gional boundaries relative to gross anatomi- 
cal landmarks. 

The orientation of the midsagittal plane 
was first determined by computing a regres- 
sion line through a series of visually selected 
brain-stem midline points. The division of the 
cerebrum was then based on two major 
planes (Fig 3): an axial plane, which is per- 
pendicular in orientation to the midsagittal 
plane and parallel to the plane passing 
through the two corpus callosum points, and 
a coronal plane, which is defined as perpen- 
dicular to the first plane and which passes 
through the midpoint between the two cor- 
pus callosum points. The placement of the 
axial plane was standardized to the maxi- 
mum z axis extent of the cerebrum, at 64% of 
the distance from the bottom of the cere- 
brum. This distance was chosen because it 
consistently reached the top of the highest of 
the two sylvian fissures in a group of eight 
subjects. 

By computing new coordinates for each 
voxel relative to these planes, each is as- 
signed to one of four zones: one, inferior to 
the axial plane and anterior to the coronal 
plane (IA); two, inferior to the axial plane 
and posterior to the coronal plane (IP); 
three, superior to the axial plane and anteri- 
or to the coronal plane (SA); and four, superi- 
or to the axial plane and posterior to the 
coronal plane (SP). Again, these defined 
planes are independent of the image plane, as 
a three-dimensional rotation is first applied 
based on the positions of the landmarks de- 
scribed earlier. This division resulted in the 
inclusion of all posterior perisylvian cortical 


structures in the IP zone; however, the oceip- 
ital lobe was also included in this zone. Simi- 
larly, the IA zone included anterotemporal 
and frontal cortical structures. 

To separate occipital from temporoparie- 
tal areas in the IP zone, and prefrontal from 
anterotemporal areas in the IA zone, two 
additional coronal dividing planes were de- 
fined. In the IA zone, a plane was defined 
that was parallel to the central plane and 
passed through the midline genu point. Simi- 
larly, in the IP zone, a plane was defined that 
was parallel to the central plane and that was 
positioned along the centromedial midline at 
a distance that consistently fell near the par- 
ieto-occipital sulcus, Thus, the two inferior 
zones were subdivided into four zones, de- 
scribed in gross terms as follows: the first 
(IAL), the most anterior, included prefrontal 
cortex; the second (IA2) included anterotem- 
poral and anterior insular cortex; the third 
(IP1) included posterotemporal, posterior in- 
sular, and perisylvian parietal cortex; and 
the fourth (IP2), the most posterior, included 
mostly occipital and some posterotemporal 
cortex on the lateral surface. Figures 3 and 4 
illustrate the location of the six cerebral 
zones defined by these planes. The division of 
brain structures into the zones is summa- 
rized in Table 2. 

The regional boundaries are defined rela- 
tive to the corpus callosum landmarks and 
the midsagittal plane. Therefore, they do not 
represent precisely defined neuroanatomical 
regions. Nevertheless, remarkable consis- 
tency in the placement of the boundaries, 
relative to all recognizable gross features, 
was observed. Regional maps, such as that 
seen in Fig 4, were generated for each sub- 
ject in the study, and each was inspected to 
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Fig 3.—Cerebral regions are defined as follows. Points A and B in the corpus callosum are the most 
anterior midline point in the genu and the most posterior midline point in the splenium, respectively. 
An axial plane, parallel to the plane passing through these two points, is defined as shown, 
perpendicular to the midsagittal plane. This plane is placed 64% of the distance from the bottom to 
the top of the supratentorial cranial vault. A coronal plane is defined perpendicular to the axial plane 
and passing through the midpoint between points A and B. Within the region below the axial 
dividing plane, two further (parallel) coronal dividing planes are defined, one passing through the 
genu midline point and one passing through the parieto-occipital sulcus. Thus, six cerebral zones 
are defined: inferoanterior 1, inferoanterior 2, inferoposterior 1, inferoposterior 2, superoanterior, 


and superoposterior. 


ensure that the regions did not vary discern- 
ibly in terms of the structures included. In all 
cases, the inferior zone extended to the high- 
est point in the sylvian fissure that could be 
recognized in the images. From inspection of 
the images, Table 2 was compiled to assist in 
the interpretation of the results. It is not 
meant to convey the impression that precise 
boundaries were defined between the struc- 
tures mentioned. 

The total number of supratentorial voxels 
(including CSF, hyperintensities, and gray 
and white matter) was computed, by hemi- 
sphere, for each of the six zones. Cerebral 
asymmetry of each of the zones was ex- 
pressed as a ratio of the left hemisphere mea- 
sure to its right hemisphere counterpart. 
Thus, when the left region was larger than 
the right, the ratio was greater than 1. Vol- 
umes of the subcortical gray-matter struc- 
tures were estimated by summing the appro- 
priate voxels in each hemisphere. All volume 
estimates are given as simple totals of desig- 
nated voxels. As described above, each voxel 
is 4.39 mm”. However, an estimate of true 
volume should probably treat the 5-mm sec- 
tions as representative of the 7.5-mm inter- 
slice distance; thus, each voxel would repre- 
sent 6.49 mm’, Areas within the lenticular 
nucleus containing significant iron deposits, 
particularly in the globus pallidus, do not 
meet the signal criteria for gray matter and 
are thus excluded from this region. 

A comparison of the original proton den- 
sity-weighted images and the fully pro- 
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cessed images is illustrated in Fig 4. In this 
figure, the different pixel classes are color 
coded as follows: right hemisphere cortical 
gray matter is yellow; left hemisphere corti- 
cal gray matter, white; diencephalic areas, 
green; caudate nuclei, blue; lenticular nuclei, 
pink; and fluid and white matter, red and 
black, respectively. Pixels in the subcortical 
region shown in gray are areas within white 
matter or surrounding the ventricles that 
have higher T, values than other white mat- 
ter regions. The blue lines running through 
the sections indicate the positions of the cor- 
onal dividing planes. For this set of images, 
the boundary between the inferior and supe- 
rior zones fell between sections C and D. 


Statistical Analyses 


Group means for the measures were com- 
pared with Students ¢ tests. The compari- 
sons of the six asymmetry measures test the 
hypothesis that cerebral development is 
anomalous in the L/LI children. Because of 
multiple asymmetry comparisons, P<.01 
was required to reject the null hypothesis. 
The other comparisons are provided for de- 
scriptive purposes only. The meaning of sta- 
tistical significance of individual test statis- 
ties in the context of multiple tests is 
ambiguous, and probabilities are provided 
for the secondary comparisons only to aid in 
interpretation of patterns. Inferences about 
structural abnormalities from these post hoe 
comparisons must be made with caution. 


Fig 4.—Representative, fully processed images 
displayed adjacent to the original proton den- 
sity-weighted images. Pixels are classified, 
and zones have been manually designated. 
The gray-matter pixels have been color coded 
to display the structural designations: right 
hemisphere cortical is yellow; left hemisphere 
cortical, white; caudate, blue; lenticular nucle- 
us, pink; and diencephalon, green. Hyperin- 
tense areas within the subcortical regions are 
shown in gray. Cerebrospinal fluid and white- 
matter pixels in all regions are displayed in red 
and black, respectively; however, these pixels 
are coded so that regional measures may be 
computed. Sections in A through C are entirely 
inferior to the axial dividing plane. The section 
in D is completely superior to the dividing 
plane. For inferior and superior zones, the 
central line indicates the position of the major 
coronal dividing plane. In the inferior zone, two 
additional lines indicate the positions of the two 
secondary coronal dividing planes. 


RESULTS 


On routine clinical neuroradiological 
evaluation, 16 of 20 examinations in the 
L/LI children were unremarkable. 
Slight asymmetry of the ventricles 
(right larger) was noted in one male sub- 
ject. One boy and one girl had tiny foci of 
hyperintensity in deep white matter. In 
one male participant, bilateral areas of 
encephalomalacia were present just lat- 
eral to the caudate nuclei, with the larg- 
er right lesion measuring 8 mm in width. 

Among the control children, eight of 
12 examinations were unremarkable. 
Tiny foci of hyperintensity were noted 
in one boy and one girl. A right cerebel- 
lar venous angioma was noted in one 
boy. A small pituitary gland was noted 
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Superoanterior Zone 


Inferoanterior Zone 1 


inferoposterior Zone 1 


Inferoanterior Zone 2 


Inferoposterior Zone 2 





Fig 5.—-Mean estimated volumes in thousands of voxels are plotted for each hemisphere by cerebral region. Open circles 
denote control values; closed circles, values from learning- and language-impaired subjects. All subjects, including left-handers, 


are included. 


Table 2.—Summary of Cortical 
Structures Within Each Cerebral 
Region 


Inferoanterior 1 

Prefrontal cortex inferior to plane above 
frontal operculum, including orbitofran- 
tal, dorsolateral, and mesial frontal lobe 

Inferoanterior 2 (A2) 

Temporal poles, uncus, and some 
amygdala; anterior perforated sub- 
stance and adjacent orbitofrontal cor- 
tex; anterior insular cortex and frontal 
operculum 

inferoposterior 1 
Most of temporal lobe, including all mesial 
temporal lobe structures posterior to 
amygdala (only temporal pole is in- 
cluded in 142), perisylvian parietal cor- 
tex and parietal operculum 
:* Inferoposterior 2 

Most of occipital lobe (only small portion of 
superior occipital cortex is included in 
SP); small. part of most posterior gyri of 
temporal lobe on lateral cortical surface 

Superoanterior 

Superior parts of dorsolateral and mesial 

frontal lobes (above frontal operculum) 
Superoposterior (SP) 

Superoparietal lobe above parietal oper- 
culum; smali portion of most superior 
occipital lobe 








1 another boy. Thus, incidental find- 
ings on routine clinical evaluation of the 
ages did not reveal consistent paren- 
chymal or structural differences be- 
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Ratios (L/R) 


Table 3.—Group Differences on Cerebral Asymmetries * 
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Region Controis L/tl t 
At 1.00 + 0.04 0.92 + 0.07 3.68 
(1.00 + 0.04) {0.93 + 0.06) (3.12) (,004) 
1A2 0.99 + 0.04 0.96 + 0.05 1.66 107 
(0.98 + 0.04) (0.97 + 0.04) (1.10) (280) 
IP1 1.02 + 0.03 1.00 + 0.05 0.97 .339 
(1.01 + 0.03) (1.01 + 0,04) (0.30) (764) 
IP2 1.06 + 0.10 1.17 + 0.16 2.12 043 
(1.06 + 0.10) (1.17 + 0.16) (2.15) (041) 
SA 0.95 + 0.10 0.95 + 0.07 0.11 913 
(0.96 + 0.09) (0.94 + 0.06) (0.68) (603) 
SP 0.93 + 0.07 1.02 + 0.08 3.17 003 
(0.93 + 0.08) (1.01 + 0.07) (2.79) (.010) 
















“Values are mean + SD. Results omitting left-handed subjects are given in parentheses. L/LI indicates lan- 
guage and learning impaired; IA1 and !A2, inferoanterior 1 and 2; IP 1 and IP2, inferoposterior 1 and 2; SA, su- 


peroanterior; and SP, superoposterior. 


tween the groups. 

Group comparisons of cerebral asym- 
metries in the six regions are summa- 
rized in Table 3. The pattern observed 
only in right-handed subjects is the 
same as that observed in the full sample. 
Both IAI and SP asymmetries are sig- 
nificantly different in the L/LI group 
(P<.01 in each case). The ratio is signifi- 
cantly decreased in the IA1 region and 
significantly increased in the SP region, 
An illustration of the different patterns 
of asymmetry (for the full sample) is 


provided in Fig 5, showing group mean 
volumes for the right and left hemi- 
spheres within each region. In the nor- 
mal controls, the IA1 regions are sym- 
metrical, while in the L/LI children, the 
left hemisphere is reduced relative to 
the right. For the SP region, the normal 
controls show right-larger asymmetry, 
while an opposite pattern is observed in 
the L/LI subjects. 

Secondary analyses focused on the 
hemispheric volumes of the cerebral 
(cranial) regions and the subcortical nu- 
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Table 4.—Group Differences in Cerebral Volumes* 


Volume, Voxels 
prammene aaeeeo, 


Controis 


L/L t 





Cerebral regions 


LIA 11 125 (11 286) 


10373 (10277) 1.52 (1.96) 





RIAI 11137 (11361) 


11303 (11 135) 0.27 (0.36) 79 (72) 





LIA2 16 456 (16 695) 





15539 (15 492) 1.46 (1.86) .16 (07) 





R 1A2 16693 (16 977) 


16 236 (16 069) 0.64 (1.24) -53 (23) 





LIPI 29 990 (30 163) 


27 990 (27 743) 2.18 (2.55) .04 (.02) 





RIPI 29545 (29 793) 


28032 (27 517) 1.69 (2.77) -10 (01) 





L P2 11027 (10919) 


10907 (10 559) 0.20 (0.62) .85 (.54) 





R IP2 10375 (10 343) 


9455 (9121) 1.66 (2.37) 11 (03) 





LSA 9943 (10073) 


10 117 (9976) 0.31 (0.17) .76 (87) 





RSA 10527 (10553) 


10698 (10693) 0.27 (0.20) .79 (.84) 





L SP 17 231 (17 333) 


18004 (17615) 1.05 (0.45) -30 (66) 





R SP 18650 (18 684} 


17 708 (17 549) 1.33 (1.46) .19 {.16) 





Subcortical structures 


L caudate 1031 (1034) 


966 (945) 1.61 (2.38) 


-12 (.03) 





R caudate 1046 (1042) 


971 (954) 1.75 (2.08) 


.09 (.05) 





L lenticular 1257 (1242) 


1178 (1171) 1.32 (1.18) 


-20 (.25) 





R lenticular 1196 (1182) 


1126 (1117) 1.19 (1.09) 


.24 (.29) 





L diencephalic gray 4427 (1411) 


1368 (1342) 1.30 (1.28) 


-20 (.21) 





R diencephalic gray 1439 (1426) 


clei. Table 4 summarizes group compar- 
isons of these measures. Although 
many mean volumes are lower in the 
L/LI group, when examining the full 
sample, of the cerebral region mea- 
sures, that in the left IP1 region (poste- 
rior perisylvian) is particularly reduced 
in the L/LI group. Among the subcorti- 
eal structures, only the right dience- 
phalic volume is notably reduced, al- 
though the right caudate measure is also 
low. The exclusion of left-handers re- 
sulted in somewhat larger group differ- 
ences on these measures, so that left 
and right IP1 regions appear to be re- 
duced, as is right IP2, and the caudate 
reductions are slightly more prominent. 
Though they are not presented herein, 
no left-right asymmetry in the subcorti- 
cal volumes yielded a group difference 
with P<.05. Also, because cortical 
gray-matter volumes were available for 
right and left hemisphere of each of the 
six regions, regional cortical asymme- 
try measures were computed. The pat- 
tern of group differences was the same 
as that for the cranial regions, with sig- 
nificant differences in regions [A1 and 
SP. 

Because earlier studies have classi- 
fied subjects categorically based on 
their posterior asymmetries, we exam- 
ined our data for evidence that the mean 
asymmetries may have obscured differ- 
ences in distribution. Indeed, the vari- 
ance for the asymmetry measures in re- 
gion IP1 was significantly larger in the 
L/LI sample than in the control sample 
(P<.05). Therefore, a post hoc frequen- 
cies analysis was performed. Table 5 
gives the asymmetries in categorical 
form. The L/LI group did have a some- 
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1319 (1301) 2.21 (2.21) 


.04 (.04) 
* Results omitting left-handed subjects are given in parentheses. Abbreviations are as in Table 3. 





what higher prevalence of reversed 
asymmetries. A x° statistic suggested 
that the distributions were indeed dif- 
ferent; however, the small frequencies 
in some cells render the statistical test 
suspect. 

Measures of ventricular and sulcal 
size, as well as proportions of gray to 
white matter, were similar in the two 
groups, as assessed with quantitative 
methods. Furthermore, there was no 
evidence for abnormal signal values in 
the white matter in the L/LI children as 
a group. In summary, there was no evi- 
dence from the group comparisons for 
significant damage to or loss of tissue in 
the form of increased CSF or hyperin- 
tense white matter areas. 


COMMENT 


The pattern observed in the control 
subjects of this study suggests that 
within hemispheres roughly equal in 
size overall, significant regional asym- 
metries do occur, with posterior struc- 
tures larger on the left in inferior and 
larger on the right in superior zones. In 
frontal areas, the volumes are symmet- 
rical in the inferior zone, and the right 
hemisphere volume is larger in the su- 
perior zone. The posterior asymmetries 
seem to be consistent with left hemi- 
sphere specialization for language in the 
posterior temporal lobes and right 
hemisphere specialization for spatial 
functions in the parietal lobes. Further- 
more, these asymmetries, as well as the 
frontal asymmetry in the superior zone, 
are consistent with earlier reports of 
regional asymmetries in normal sub- 
jects." 


Table 5.—Asymmetries in Posterior 
Perisylvian Region* 


Hemisphere Symmetry 
(L:R Ratio) 
een eeremeneeeeeenameeenmennntiienetenemenentineenemammnmmmmmmmnatian’ 

















ROL Symmetrical L>R 

(0.99) (0.99-1.01) (2.1.01) 
Controls 101) 4 (4) 7 (6) 
L/LI 10 (8) 10) 9 (9) 





* Results omitting left-handed subjects are given in 
parentheses. L/LI indicates language and learning 
impaired. For total group, Pearson x* = 7.9, df = 2, 
P = 019; for group omitting left-handed subjects, 
Pearson x? = 6.5, df = 2, P = .038. 


Regarding the absolute values ob- 
tained on the asymmetry measures, a 
caveat should be entered about possible 
spatial distortion due to field inhomo- 
geneity.” Thus, although these results 
suggest that in both groups the hemi- 
spheres are nearly the same size, ie, the 
left-right ratio has a mean of 0.99 in 
controls and 1.00 in L/LI children, one 
or both of the hemispheres may have 
been systematically measured inaccu- 
rately owing to magnification or minifi- 
cation in some parts of the magnetic 
field. Nevertheless, such factors should 
have affected both groups similarly. 

The L/LI children in this study were 
selected at 4 years of age because of 
specific developmental delays in lan- 
guage function in the context of pre- 
served sensory, motor, and nonverbal 
intellectual capacities. After 5 years of 
study, at 9 years of age, they have con- 
tinuing significant, in some cases se- 
vere, language and learning impair- 
ment. Gross brain structure was 
remarkably normal in this group of chil- 
dren. There was little evidence for pa- 
renchymal damage or volume loss, ex- 
cept in one case. There is definite 
evidence, however, for anomalous brain 
development in the form of altered cere- 
bral shape. The L/LI children show ab- 
normal asymmetry, but it does not ap- 
pear in the posterior perisylvian 
regions, where it was expected. Rath- 
er, these children show an aberrant 
(right greater than left) asymmetry in 
the prefrontal region, and an aberrant 
(left greater than right) asymmetry in 
the parietal region. Closer inspection of 
the posterior perisylvian measures, 
however, reveals a possible explanation 
for this surprising result. There is. evi- 
dence from the secondary analyses that 
this region of the left hemisphere is re- 
duced in volume. Even when this re- 
gional volume is expressed as a percent- 
age of the overall supratentorial volume 
(sum of the regions), it still shows evi- 
dence of a proportional decrease in the 
L/LI children relative to the controls 
(P<.05). However, inspection of the 
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comparable right hemisphere volume 
also suggests reduction. Thus, the 
asymmetry is only slightly affected in 
. this region by the (probably bilateral) 
volume reduction. 

Some earlier imaging studies of de- 
< velopmental language disorders” have 
-produced evidence of an increased prev- 
» alence of reversed asymmetry in poste- 

rior hemispheric regions. Such studies 
generally group the subjects in terms of 
the direction of their asymmetries. To 
address these findings directly, we con- 
ducted post hoc analyses of the distribu- 
tion of our posterior perisylvian asym- 
metries. There was weak statistical 
evidence that more of the L/LI children 
showed reversed asymmetry (right 
greater than left). It, therefore, seems 
< prudent to point out that our results 
~ should not be interpreted as refuting 
the. earlier findings and, indeed, they 
provide some supportive evidence for 
the presence of more frequent reversals 

in this region. 

The question arises whether the find- 
ings in these children are similar to 
neuropathological results in dyslexic 

< children,“ and whether the anomalous 
asymmetries in this study could have 
occurred as a result of the mechanisms 
‘hypothesized to account for dyslexia." 
The planum temporale was not specifi- 
-cally examined in this study, owing to 
the difficulty of reliably determining its 
boundaries. Thus, the results do not 
bear directly on the pathological study 
results. This structure did always fall 
within the much larger posterior peri- 
sylvian region (IP1), where, although 
the L/LI children showed more variable 
asymmetries, no significant mean 
asymmetry difference was found. The 
pattern observed in this region might 
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appear to be inconsistent with the re- 
ported increase in the size of the right 
planum in dyslexia. The structures in 
IP1, including the planum but many oth- 
ers as well, are reduced in volume on the 
left and are nearly as reduced on the 
right, relative to controls. Similarly, ex- 
amination of the pattern within the pre- 
frontal region ([Al), where the L/LI 
children show greater (right greater 
than left) asymmetry, suggests that the 
aberration is more likely to be due to 
reduction of left structures than to pres- 
ervation of right structures. In the pari- 
etal (SP) region, where the L/LI group 
shows a reversal of the normal (right 
greater than left) asymmetry, the right 
hemisphere is smaller in volume in the 
L/LI group, while the left is larger, al- 
though neither difference is itself statis- 
tically significant. 

Galaburda and colleagues found no 
evidence for a reduction in neuronal 
populations in the brains of their dyslex- 
ic subjects. Rather, they found evi- 
dence for disordered migration and pos- 
sibly enhanced survival of neurons in 
critical nondominant hemisphere struc- 
tures. The subjects examined herein 
may not be representative of the same 
population. Although many of them are 
dyslexic, they were not chosen for iso- 
lated reading disorders. Longitudinal 
study of these children suggests more 
pervasive linguistic and academic limi- 
tations, and evidence indicates that in 
some children overall intellectual abili- 
ties have lagged further and further be- 
hind peer standards with increasing 
age. It is possible that the subjects ex- 
amined herein suffered effects on neu- 
rodevelopment at an earlier stage of 
neurogenesis, leading to reduced cell 
populations in critical perisylvian struc- 
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tures (hence, the early prominence of | 
their language disturbances) and ulti- 
mately to altered cerebral shape. Inter- 
estingly, reduced neuronal populations “ 
in left hemisphere insular cortex were. 
noted in one neuropathological study of 
developmental dysphasia.” Even if this 
explanation is correct, it is still unclear 
whether the shape alterations observed 
herein are entirely due to decreased vol- 
ume of certain affected structures, or if 
they evolve as early alterations, or ex- 
ert later effects on mechanisms of corti- 
cal maturation and specialization such ` 
as those proposed by Galaburda.” It is 
even possible that neuronal loss in relat- 
ed structures may have led to altered 
maturation of the plana in the subjects 
of the present study, such that enlarged 
right plana are present within perisyl- 
vian regions that are themselves re- 
duced in volume overall. Perhaps fur- 
ther neuropathological studies in a 
broader range of developmental disor- 
ders may shed some light on these 
questions. 

This study confirms that anomalous 
neurodevelopment in this disorder does 
produce structural aberration at a level 
measurable with in vivo brain imaging. 
The correlation of such measurements 
with specific behavioral indices, as de- 
velopment proceeds, may provide some 
insight into the brain mechanisms in- 
volved in developmental cognitive 
disorders. 
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History of Neurology 


Allochiria vs Allesthesia 


Is There a Misperception? 


Kimford J. Meador, MD; Martha E. Allen, MD; Robert J. Adams, MD; David W. Loring, PhD 


è Allochiria is the misiocation of sen- 
sory stimuli to the corresponding opposite 
half of the body or space. Obersteiner 
(1882) introduced the term allochiria 
(Greek allos = other + chiria = hand), 
and more than 20 authors employed it in 
this context over the next 25 years. Stew- 
art (1894) described a related phenome- 
non in which stimuli are displaced to a dif- 
ferent point on the same extremity. He 
noted that the displacements were differ- 
ent than allochiria and coined the term 
aliachaesthesia (ie, allesthesia) (Greek 
allaché = elsewhere + aisthésis = per- 
ception). Despite this historical back- 
ground, Jones (1907) redefined both 
terms in an attempt to increase diagnostic 
specificity and attributed allochiria to hys- 
teria. Jones’ reinterpretation does not ap- 
pear to be justified historically, etymolog- 
ically, or scientifically and has resulted in 
contradictory definitions of allochiria and 
allesthesia in present-day medical dictio- 
naries and neurologic textbooks. We ad- 
vocate a return to usage consistent with 
the original descriptions and word deriva- 
tions. 

(Arch Neurol. 1991;48:546-549) 


T he purpose of our article is to delin- 

eate the origins and historical de- 
velopment of the terms allochiria and 
allesthesia. The account is of interest 
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not only from a historical perspective, 
but also because of the present confu- 
sion in terminology. For example, a 
review of seven current medical 
dictionaries!” reveals numerous incon- 
sistencies. First, a variety of ortho- 
graphic representations are available. 
Allochiria is listed as allochiria (the 
original) or allocheiria. Allesthesia is 
listed as allachaesthesia (the original), 
allesthesia, allachesthesia, allaesthe- 
sia, allochaesthesia, allochesthesia, or 
alloesthesia. Second, and more impor- 
tant, a variety of denotations are of- 
fered that are inconsistent across, and 
even within, texts (Table 1). Ignoring 
the various orthographic differences, 
allochiria and allesthesia are given 
different definitions in two dictionar- 
ies, only allochiria is listed in one dic- 
tionary, and four dictionaries list al- 
lochiria and allesthesia as synony- 
mous terms, although one of these 
dictionaries does give a different defi- 
nition to one orthographic form of al- 
lesthesia (ie, aliachesthesia), even 
though the same Greek roots are 
listed. Textbooks of neurology*! ex- 
hibit no better consistency (Table 2). 
Such diversity does not reflect specific 
scientific terminology. How is it then 
that we have come to such a state of 
confusion? 

In 1882, the famous Austrian neuro- 
pathologist and neuroanatomist Hein- 
rich Obersteiner founded the Neurolo- 
gische Institut at the University of Vi- 
enna. In that same year, he published 
an article in Brain,” in which he in- 
troduced the term allochiria from the 
Greek roots &àào¢ (other) and xep 
(hand) to denote a “confusion of sides” 


seen in patients during tactile stimu- 
lation. Obersteiner stated,” 


This symptom is so easy to determine that 
no long description is required. When we 
test the sensibility of a patient, on the leg 
for example, and find that the two points of 
the aesthesiometer are recognized as such 
at a moderate distance apart, or when a 
prick or pressure is fairly localised, and yet, 
as frequently occurs, the irritation is re- 
ferred to the other side, we have the condi- 
tion before us. The power of localisation is 
retained as to details, while doubt or error 
exists as to the side touched, the irritation 
being commonly referred to the corre- 
sponding part of the other limb. I believe 
that the phenomenon is less rare than 
overlooked, as errors on the part of the pa- 
tient are apt to be regarded as merely a 
lapsus verbi. In the case of intelligent pa- 
tients, however, and with due care, it soon 
becomes apparent that this is not the true 
explanation. 


Obersteiner described four cases in 
detail, including three patients with 
myelopathy (one traumatic and two 
tabetic) and one case of presumed 
hysteria.” In addition, he reviewed six 
cases of tabes from the literature re- 
ported by Fischer (1880), Hertzberg 
(1875), and Von Leyden (1868) in which 
similar symptomatology had been de- 
scribed but only attributed to a gener- 
alized disorder of sensory localization. 
In contrast, Obersteiner noted,” 

Allochiria may be manifested when the 
power of localisation has only suffered to a 
slight degree, so that, with the exception of 
the error as to the side, the place touched 
was quite correctly indicated. It would 
therefore be erroneous to look upon al- 
lochiria merely as a symptom of great sen- 
sory impairment. I am of opinion it must be 
regarded as a completely distinct symptom 
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by itself. In favour of this also may be ad- 
duced the fact that, in very many cases of 
central neurosis, allochiria is altogether 
absent, notwithstanding the presence of a 
marked degree of anaesthesia. 


Although uncertain as to the under- 


e _ lying mechanisms, Obersteiner sug- 
gested that the allochiria in the cases 
of myelopathy might be related to de- 


generation of the posterior columns. 
From a physiological perspective, he 
felt that his observations showed “that 
there is an intimate connection, in a 
sensory relationship, between corre- 
sponding regions of the body.”” 

Six months later, David Ferrier” 
reported another case of allochiria in 
Brain (1883), confirming “Oberstein- 
er’s view that allochiria must be re- 
garded as a symptom not necessarily 
associated with anaesthesia.” The pa- 
tient had been under Ferrier’s care at 
King’s College Hospital, London, En- 
gland, in 1881-1882. While engaged in 
his work as a carpenter, the patient 
had suffered a severe cranial injury 
when a scaffold-pole fell on his head 
from “some considerable height.” 


„The major sequelae included ataxia 


and left hemiparesis. In regard to the 


<: sensory findings, Ferrier reported,” 


< Tactile sensibility is throughout normal 


= as regards delicacy and quickness of re- 


"sponse, but there is a most remarkable con- 
“dition of allochiria, or localisation of im- 


pressions on the wrong side, as well as a 
similar reversal of reflex response to tactile 
stimuli. ... A touch on the right big toe was 
at once referred to the same spot on the left, 
and vice versá; a similar condition existing 
on every point of both legs up to the groin. 
Above this, impressions were exactly local- 
ized on their proper side.... But, as has 
been stated, the reversal was not confined to 
perception of impressions, but extended 
also to reflex reaction. Tickling the sole of 
the one foot caused retraction of the other, 
while the foot actually tickled remained 


“perfectly still. So also tickling of the inside 


<: of the.one thigh caused flexion of the other. 


- Conjoint tickling of the sole of the one foot 


-and the inside of the other thigh caused re- 





flex reactions of the foot and thigh. 

The unhesitating precision with which 
the patient referred the impression to the 
corresponding point on the side not 
touched, led me at first to suspect deception; 
but the absolute uniformity of the phenom- 
ena under every precaution against the pa- 
tient knowing what was being done to test 
the condition, together with the reversal 
also of the reflex reactions, compelled me to 
abandon this hypothesis. 


In the 25 years following Oberstein- 
er’s original description, 76 cases were 
reported to which the term allochiria 
was applied.“ The majority were re- 


© lated to the sense of touch, but al- 
~Jochirie responses were also noted in 


relationship to pain, “muscle sense,” 
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Table 1.—Medical Dictionary Definitions of Alochiria and Allesthesia 













Term Greek Root Definition 


Allesthesia 


Dictionary 


Black's Medical 
Dictionary’ 





Not listed 









Disorder of sensation in which 
sensations are referred to 
the wrong part of the body 


Allocheiria 


















Touch sensation referred to a 
place distant from the point 
at which stimulus has been 
applied, but on the same 
side of the body; cf 
allocheiria 


Butterworths 
Medical 
Dictionary 


allache = elsewhere + 
aesthesia = no 
definition given 


Allachaesthesia 
Allaesthesia 


















Optical 
allachaesthesia 


Transfer of an image by illusion 
from its proper quadrant in 
the visual field to the 
quadrant in a diagonal line 
opposite 






















Allochaesthesia Allachaesthesia 
















allos = other Alloaesthesia 


+ cheir = hand 


Allocheiria 















A condition in which a 
sensation, as of pain or 
touch, is experienced at a 
point remote from that at 

which the stimulus is applied 

or occurs, as in allochiria 


allos = other 
+ aisthesis = 
perception-ia 


Dorland’s illustrated Allesthesia 
Medical 
Dictionary 
















A condition in which visual 
images are transposed from 
one half of the visual field to 
the other, either vertically or 
horizontally; called also 

optical allachesthesia 


Visual 
allesthesia 















A condition in which, if one 
extremity is stimulated, the 
sensation is referred to the 
opposite side (Obersteiner) 


allo + cheir = 
hand + -ia 


Allochiria 

















Gould Medical 
Dictionary* 


Allachesthesia, 
allachaesthesia 


allache = 
elsewhere + esthesia 


A tactile sensation experienced 
remote from the point of 
stimulation but on the same 
side of the body 














Allaesthesia Allachesthesia 












Allesthesia, Allachesthesia 


allaesthesia 









Allochaesthesia Allachesthesia 
















Allocheiria allo + cheir- + ia A form of allachesthesia in 
which the tactile sensation is 
experienced on the side 
opposite; the one to which 
the stimulus was applied, 
seen in tabes dorsalis and 


other conditions 















Allochesthesia, 
allochaesthesia 


Allachesthesia 

















International Allocheiria allo- + cheir- + -ia Alloesthesia 
Dictionary of 
Medicine and 


Biology 













Allochesthesia Alloesthesia 












allo(s) = other + Alloesthesia 


cheir = hand + -ia 


Allochiria 












A disorder of the localization of 
tactile stimuli, in which the 
patient feels the sensation at 
a corresponding point on the 
opposite side of the body to 

that to which the stimulus is 

applied. Also called 
allocheiria, allochiria, 
allochesthesia, Bamberger 
sign 


Alloesthesia allo- + -esthesia 


















(Continued on p 548.) 
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Table 1.—Medical Dictionary Definitions of Allochiia and Allesthesia (cont) z 


Stedman's Medical Allesthesia 
Dictionary? 


allos = other + 
aisthesis = 
sensation 


Allocheira: alloesthesia; 
Bamberger's sign (2); a form 
of allachesthesia in which 
the sensation of a stimulus in 
one limb is referred to the 
opposite limb 





Visual 
allesthesia 


A disorder characterized by the 
transposition of images from 
one half-field to the opposite 





Allocheiria, 
allochiria 


alio- + cheir = hand 


Allesthesia 





Allochiria 


Alternative spelling for 
allocheiria {allesthesia) 





Taber's Cyclopedic Allesthesia 
Medical 
Dictionary’ 


ailos = other + 
aisthesia = 
sensation 


Perception of stimulus in the 
opposite limb from the one 
stimulated. Syn: 
allochesthesia; allochiria 





Allochesthesia 


allache = elsewhere + 


Allesthesia 


aisthesia = 
sensation 





Allochiria, 
allocheiria 










Clinical Neurology? 


the opposite side (tactile allochiria) 


allochiria 


allos = other + 
cheir = hand 


: Table 2.—Allochiria and Allesthesia in Selected Neurology Textbooks 


Optic allesthesia (false orientation of objects in space) 
Visual allesthesia is the transposition of an image to the opposite half of the field of vision 
A tactile stimulus applied to one part of the body may be projected to a corresponding spot on 


Pain induced by normally innocuous stimuli due to hyperesthesia of the region is known as 


The sudden appearance of pain in the homologous area of the body following cordotomy was 
due to reference pain also called allochiria 


Allesthesia 








Medical Neurology” 






Allochiria is a contusion of sides (ie, left from right) . . . This is a form of agnosia seen in lesions 
in or near the dominant angular gyrus as part of the Gerstmann syndrome 





Principles of Neurology’ 








lesions of the cervical spinal cord 


of vision (visual allesthesia) 


In alloesthesia or allesthesia, a tactile or painful stimulus deiivered on the side of hemisensory 
loss is experienced in a corresponding area of the opposite side; this abnormality is observed 
most frequently with right-sided putaminal lesions (usually hemorrhage) and with anterolateral 

Patients with an attention hemianopia may displace an image to the nonaffected half of the field 


False orientation of objects in space (optic altesthesia) 











The Neurologic Examination'' 


sensation to the opposite side of the body 


temperature, vision, smell, taste, hear- 
ing, and even reflex electrical move- 
ments. Allochiria was described as oc- 
curring in a number of diverse patho- 
logie conditions, but most frequently 
in conjunction with tabes dorsalis or 
hysteria.“ In their textbook, Diseases 
of the Nervous System (1899), Gowers 
and Taylor" defined allochiria as “a 
condition in which an impression on 
one part has been referred to the cor- 
responding place on the opposite side 
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The terms allachesthesia, allesthesia, and synesthesia are used when the sensation of touch is 
experienced at a site remote from the point of stimulatior:, allochiria means the referring of a 


of the body. Similar definitions were 
also employed by Ferrier, Church, 
Féré, Gay, Bury, Osler, F. Taylor, 
Head, Spearman, Hammond, Stewart, 


Marie, Dejerine, Brown-Séquard, 
Longuet, Gellé, Lapidous, Henri, Noth- 
nagel, Strumpell, Von Leyden, Huber, 
Weiss, Hoffman, and Morselli.“ 

T. Grainger Stewart, who was later 
to collaborate with Gordon Holmes on 
important studies of cerebellar pathol- 
ogy, introduced the term allachaesthe- 


sia (ie; allesthesia) in an article pub- 
lished in the Britisk Medical Journal 
in 1894.5 Stewart described a 49-year- 
old man with a variety of somatic 
complaints and physical findings. The 
most striking neurological findings in- 
cluded a “perverted localization of 
sensation” in the left hemibody, rhyth- 
mical jerking of the right leg, chorea- 
like movements of the left leg and 
right hand, and an odd three-step cork- 
screw gait.“ The major point of Stew- 
art’s article related to the sensory 
findings. In both the left arm and leg, 
he observed consistent horizontal dis- 
placements of localization for touch 
from the medial to the lateral portions, 
and vice versa. On the left trunk, hor- 
izontal and diagonal displacements 
were present. Stewart felt “that this 
and all our patient’s symptoms are 
functional.” He noted the resem- 
blance of these displacements to al- 
lochiria, but stated that they were ob- 
viously not the same since the dis- 
placements were on the same side of | 
the body. In concluding, he designated 
a new name for this type of dis- 
placement”: 

The name allochiria has proved so useful in 
relation to the symptom which Obersteiner 
described, that I have thought it well to try 
to coin an expression which may serve as a 
name for this kind of faulty localisation, 
and, after consulting with my colleague, 
Professor Butcher, have decided to sug- 
gest the name, “allachaesthesia,”. from 
aax, or a’dAd\axod, elsewhere, and 
awiofyoia, perception, as the most satisfac- 
tory term that occurs to us. 

Despite this precedence, Ernest 
Jones decided to redefine allochiria 
and allesthesia in an attempt to en- 
hance the diagnostic specificity of 
allochiria." Jones was a colleague and 
friend of Sigmund Freud. Jones aided 
Freud in his escape from Austria when 
the Nazis took power and was one of 
Freud’s few colleagues who stayed 
with him to the end. After Freud’s 
death, Jones authored a massive three- 
volume biography of his friend. Need- 
less to say, Jones had an interest in 
hysteria. In 1907, he published one ar- 
ticle in Brain’ and one article in 
Lancet reviewing the literature and 
detailing his view that allochiria “is. 
always of psychical origin and that its. 
presence is almost certain evidence of 
hysteria.”* 

To support his contention, Jones 
quoted Obersteiner out of context stat- 
ing that allochiria is a condition in 
which “sensibility is retained more or 
less completely.” In fact, Obersteiner 
had pointed out that allochiria could 
occur with other sensory impairments, 
but could not be explained solely by 
simple sensory loss. Jones separated 
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“true” allochiria from “false” al- 
lochiria (ie, allesthesia), and stated,“ 


-Obersteiner, who like all subsequent writ- 
ers,-did not recognise the distinction be- 
: tweeën the two classes, gave instances of 
‘both conditions in the cases he described in 
is original article. The one condition, false 
llochiria, is nothing more or less than al- 
_» | loaesthesia.... the mistake in alloaesthesia 
<- | ds essentially due to incomplete perception 
“of the stimulus and is accompanied by many 
‘other failures in perception, such as defec- 
tive localisation. 










By redefining the terminology, Jones 
< felt justified in claiming that allochiria 
< hada “precise diagnostic value” and 
® that..the occurrence of allochiria 
“should be regarded as a positive indi- 
cation of the presence of hysteria.” 
< But, was he justified either historically 
- or scientifically? Historically, his def- 
initions do not fit the word derivations, 
-the intent of the original authors, or 
even the general usage by the scientific 
community of that era. Scientifically, 
we know that allochiria, even under 
the restricted terms given by Jones, is 
not limited to hysteria. For example, 
. cases that Jones would have attributed 
toa simple general sensory defect in 
localization (allesthesia by his defini- 
on) cannot be explained in this man- 
ner since the stimulus displacements 
'. are to the exact corresponding points 
“on the opposite body. Further, a simple 
sensory defect cannot explain palinop- 
tic visual allesthesia (ie, a persistent 
visual image in a spatial location re- 
mote from original stimulus). 
Jones asserted that “it would be very 
curious if a peculiar phenomenon like 
allochiria could be produced in two 
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quite different ways.” In fact, it 
would be more curious if such a com- 
plex behavioral symptom that spans 
such a variety of underlying disease 
processes (eg, myelopathies, neglect 
syndrome, diffuse organic brain syn- 
dromes, hysteria, and parieto-occipital 
tumors with palinoptic visual allochir- 
ia) could be explained by a single 
mechanism. Jones confused symptom 
with function, a mistake commonly 
made in the 19th century regarding lo- 
calization of function, and a mistake 
that continues in this century despite 
the writings of Hughlings Jackson and 
others. Like most neurologic signs and 
symptoms, allochiria takes on its ana- 
tomic and pathophysiologic signifi- 
cance from the full pattern of neuro- 
logic findings. For example, the al- 
lochiria seen in myelopathies may 
depend on an uncrossed ipsilateral 
spinothalamic pathway,’ but al- 
lochiria following right-sided cerebral 
lesions may depend on alterations in 
attentional/intentional mechanisms.” 

The views expressed by Jones in his 
articles of 1907 were not seriously 
challenged, and, excluding studies on 
local sensory displacements (eg, Henry 
Head), writings on allochiria and all- 
esthesia all but disappeared until the 
middle of the 20th century, when Mor- 
ris Bender began his extensive 
studies on the phenomenon of sensory 
displacement. In 1948, Bender de- 
scribed a case of transbody tactile 
mislocations in a patient exhibiting 
“slight impairment of two point dis- 
crimination and point localization.” 
He employed the term allesthesia, ac- 
cepting Jones’ definition that 
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“allochiria” can oceur only in the co 
plete absence of sensory deficits. 
However, simple sensory deficits can 
not explain the transbody misloca- 
tions, a point that is all the more clear 
in later cases described by Bender and. 
colleagues.” For example, a graphic” 
depiction of mislocations in a patient 
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dramatically that the mislocations do 
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incorrect since allochiria is a subset of 
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lochiria is more precise since it implies 
a different phenomenon that cannot be > 
explained by a simple sensory deficit. 
In conclusion, Jones’ reinterpreta- 
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contradictory definitions in present- < 


day medical dictionaries and neurolog-.. 
ical textbooks." We advocate a return 
to usage more consistent with the orig: 
inal descriptions and word deriva- 
tions. Thus, allesthesia is a condition in 
which a sensory impression is mislo- 
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lochiria denotes mislocations to the 
corresponding opposite half of the = 
body or space. “ 
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-Professional Opportunities _ 
NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophysi- 
ology deparment and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University’s College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staf? are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development ot 
these servicas will require the leadership and co- 
operation o? physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. If this special opportunity is of 
interest to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 





Excellent opportunity to establish your own private 
practice with no investment, guaranteed income. 
Strong referral base. Proficiency in EEG/EMG 
required. Well equipped, 112-bed, full-service hos- 
pital. Our service area population is now 90,000; a 
growing area with new businesses and stable econ- 
omy. Located in central California near Sequoia 
National Park, Tulare offers an excellent family- 
oriented lifestyle and all expected amenities. Beauti- 
ful homes ciose to hospital and office are affordably 
priced. Good schools, many community activities 
and abundant recreation including golf, tennis, 
mountain and equestrian activities. Easy access to 
alt California's major metropolitan and resort areas. 
Please contact: Tulare District Hospital Physician 
Recruiting Office, P.O. Box 90112, Los Angeles, CA 





ogy group. This very busy practice is seeking an 
energetic neurologist with a strong interest in the 
clinical car2 of patients. This opportunity is located 
in a desirable, midwestern community abundant in 
cultural and sporting activities. The practice has a 
well-equipped radiology department with MRI and 
CT, and aiso, neurophysiology and neuropsychol- 
ogy departments. The appropriate candidate must 
be energetic, pleasant, BC/BE. with EMG expe- 
rience. Please send curriculum vitae to: Box #814, 
c/o AON. 


group of six neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained specialist. 
Contact: Mike Kaufman, MD, 126 Cottage Place, 





neurologist with EMG training wanted to join group 
of eight neurologists. We live an a high tech, beach- 
side community with great schools and affordable 
housing. Please send CV to: Search Committee, 


JULY 1991 — ASSOCIATE WANTED. Outstanding 
opportunity. $200K net probable by end of first year. 
Fully equipped neurologic institute. Only the best 
need apply. Send CV at once: Southeastern Neuro- 
science Institute, Inc.. 5143 University Boulevard, 
West, Sue 3, Jacksonville, FL 32216-5939. (904) 
733-0707; FAX (904) 730-9173. 


PLEASE NOTE—Address replies to box number 
ads as follows: Box number. , C/O AON, 
P.O. Box 1510, Clearwater, FL 34617. 




















EXCELLENT OPPORTUNITY for BC/BE neurolo- 
gist to join 80-physician, comprehensive, multi- 
specialty group in San Francisco Bay Area. Large, 
varied referral base from pediatrics, IM, FP, and 
surgery. EMG/NCV, EEG, evoked response testing, 
CT, MRI, radiology support all available on site. 
Opportunity to interface with sepcialists of all types 
including neurosurgeons. Major university teaching 
affiliation encouraged and possible. Close proxim- 
ity to 400-bed full service, modern hospital serving 
population of 300,000. Competitive guaranteed 
salary with bonus productivity plan for initial 18 
months leading to partnership track. Extensive 
benefit package including housing incentives. Uni- 
que cultural, recreational and educational opportu- 
nities. Send CV to: Gary D. Zweig, MD, Recruitment 
Chairman, Sunnyvale Medical Clinic, P.O. Box 
3496, Sunnyvale, CA 94088-3496. 


NEUROLOGIST 


Neurologist, board-eligible or board- 
certified, with EEG, EMG, EP and neuro- 
CT needed to join an adult neurologist in 
a 32-physician multi-specialty clinic, 100 
miles southeast of St. Louis. Population 
28,000 plus 25,000 Southern Illinois Uni- 
versity students. 


Opportunity exists for affiliation with SIU 
Medica! School. No capital investment. 


Flexible compensation package with 
generous fringe benefits including health 
and disability, vacation, CME leave, and 
profit sharing retirement plan. 

Contact: 


William R. Hamilton, 
CEO/Medical Director 


CARBONDALE CLINIC 
2601 West Main 
Carbondale, IL 62901 @ (618) 549-5361 


THIRD NEUROLOGIST, BC/BE, desired for grow- 
ing neurology practice in southern Michigan. 
EMG/EEG expertise and strong clinical skills 
required. Wide referral base. Equipped neuro- 
physiological laboratory available. Exceptional 
lifestyle and cultural resources. Attractive salary and 
incentives leading to parternship in one year. Please 
write to: Neill S. Hirst, MD, 250 West Eisenhower 
Parkway, Suite 100, Ann Arbor, MI 48103. Or call: 
(313) 665-6638. 


ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
ties for your professional opportunity, every month. 
To piace the ad of your choice, any size, call toll 
free: (800) 237-9851. 











CHICAGO — BC/BE neurologist to join existing 
practice. Highly motivated individual with strong 
clinical skills and EMG/EEG expertise needed to 
join two busy neurologists. Very strong medical 
school affiliation with teaching responsibilities for 
neurology and internal medicine, residents and 
medicai students. Large referral base. Excellent 
benefit package. Please provide CV. Please contact: 
Box #818, c/o AON. 
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EXPANDING, DYNAMIC ADULT neurology prac- 
tice — BC/BE neurologist to join rapidly growing 
office and multi-hospital practice in New Jersey — 
“45 minutes from Manhattan. Candidate must be 
energetic and personable. EMG, EEG experience 
preferred. Send CV to: Joseph Sobelman, MD, 834 
„Avenue G C, Bayonne, NJ 07002. 


MAUI ORTHOPEDIC and Sports Medicine seeks 
Neurologist to establish independent practice. Con- 
(J tact: Willlam Gfeller, 450 Hookahi Street, Wailuku, 
Maui ti 96793. (808) 244-5541. 


SOUTHEAST COAST — The Neuroscience Center 
of a 190-bed regional medical center is seeking a 
BC/BE neurologist to join in close association with 
their existing neurosurgeons. Exceptional medical 
facilities and neurological services including 
EEG/EMG, EP, CT, MRI. Excellent income guaran- 
tee plus benefits — large drawing area provides for 
. Outstanding potential. Located ninety minutes from 
one of this country’s premiere seaside resorts, this 
dynamic community offers a quality lifestyle. Call 
Mark Prosperi at (800) 776-5776 for more details or 
send: CV to: Cejka & Co., 1034 South Brentwood 
Boulevard, St. Louis, MO 63117. 


DENVER — Extremely busy, five-physician group 
with three Denver area offices are now seeking their 
fourth neurologist. Two members are neurosur- 
geons. Send CV to: Gordon Crawford, Manager, 
Professional Relations, Humana Inc., Department 
AN-5A, 500 West Main Street, Louisville, KY 40201- 
1438. Or call tol toll- free (800) 626- 1590. 











SOUTHEAST COAST — Pediatric Neurologist: 
Excellent quality of life available in Savannah-Hilton 
Head Area, site of the 1996 Ciympic Games sailing 
events. Outstanding recreational opportunities, 
nation’s largest urban Historic District, and superb 
symphony are among the attractions of living here. 
‘A well-trained, personable neurologist with special 
competence in child neurology is needed for a busy 
practice, currently consisting of two adult neurolo- 
gistsand one neurologist doing adult and child neu- 
rology, all with strong academic backgrounds. CT, 
EEG, EMG and physical therapy are available in- 
office with large hospital practice available in three 
hospitals, including a major regional teaching hos- 
pital, affiliated with the Medical College of Georgia. 
First year guarantee is $80,000 plus bonus, leading 
to full partnership after two years. Earnings poten- 
tial, availability of strong multi-specialty support, 
and opportunities for teaching are extraordinary. If 
interested contact: Randy Wellman, Office Man- 
ager, Savannah Neurological Associates, PC, P.O. 
Box Box 23059, Savannah, GA 31403. (912) 354-8151. 


ADULT NEUROLOGIST to associate with two 
separate, busy solo neurologists. Practices are ref- 
erral based, with two separate offices and three 
voluntary hospitals. Successful candidate would be 
i expected to develop a separate solo, but collabora- 

tive practice. Established physicians would expect 
‘to-provide substantial support for beginning physi- 
cian. Opportunity would provide for cross coverage 
‘and joint venturing of facilities. Successful candi- 
date should have excellent clinical skills. The medi- 
cal community has excellent neurophysiology. neuro- 
radiology, and neurosurgery. Located in a medium 
size city with both excellent living conditions and an 
extremely solid economic base. Please contact: Jef- 
frey A. Ribner, MD, 503 Plaza Drive, Vestal, NY 
13850. (607) 729-1521 or Robert R. Taylor, Jr., MD, 
269 Riverside Drive, Johnson City, NY 13790. (607) 
798-7143. 


SEEKING ENERGETIC BE/BC NEUROLOGIST to 
join three adults and one child neurologist. Prefer 
someone with interest in general neurology and 
special interest and training in any of the following 
areas. sleep medicine, neurophysiology testing, 
neuro-rehabilitation, pain, or neuro-intensive care. 
Excellent medical community with all of the suppor- 
tive consultants and technology. Send CV to: Neuro- 
logical Associates of Grand Rapids, PC, 2855 Mich- 
igan Street, Northeast, Grand Rapids, MI 49506. 








IMMEDIATE OPENING, for neurologists, full-time 
‘Or part-time, to join practice in the Washington/Bal- 
timore Corridor area of Maryland. Reply with CV to: 
Maryland Neurological Center, 11085 Little Patux- 

ent Parkway. Suite #212, Columbia. MD 21044. 





| Attention: Personnel Department. 











NEUROLOGIST — Greene Clinic, a prestigious. 
well-established clinic, wishes to add a neurologist 
to its staff. The offices are in a new, $5.5 million, 
state-of-the-art facility, located in a university town 
outside a major metropolitan area. The directorship 
of the head injury unit at the local rehab hospital is 
also available along with the position, but not a 
requirement. A superior salary/compensation 
package is offered. If interested, please call: Kevin 
McGrane at (800) 776-5776 to explore this excellent 
opportunity further. 


ARE THERE professional settings y you've always 
wanted to sample? Consider joining CompHealth, 
the nation's largest locum tenens group. If you qual- 
ify, you can practice from Florida to Alaska — fora 
week to several years or anything in between — it's 
your choice. You'll enjoy the experience of a lite- 
time. CompHeaith provides competitive earnings 
and takes care of the malpractice premiums and 
major expenses like housing and transportation. 
What's more, you'll spend less time on paperwork 
and more time on quality health care. Openings 
available now. Call: (800) 328-3043 toll- free. 


EXCELLENT OPPORTUNITY for BC/BE neurolo- 
gist to practice in large eastern metropolitan area. 
immediate opening for private practice with geo- 
graphic full-time appointment at large teaching 
institution. Medical school appointment, teaching 
and research opportunities. Subspecialty in move- 
ment disorders, muscle diseases or neuro-oncology 
preferred but not required. Submit CV to: P.O. Box 
5849, Pittsburgh, PA 15209-0849. 


NEUROLOGIST — BC/BE, full- or part- -time, for 
exanding San Francisco Bay area. Private practice 
with emphasis on clinical occupational neurology 
and med-legal evaluations. Expertise in EMG, EEG 
and EP desired. Excellent reputation, referral base. 
facilities and support staff. Unique income opportu- 
nity. Submit CV and letter stating professional 
goals, and availability to: Personnel, 2040 Polk 
Street, Box 337, San Francisco, CA 94109. 


















NEUROLOGIST 


Minneapolis/St. Paul — BC/BE adult neurolo- 
gist wanted to join four other neurologists ina 
diverse practice consisting of both inpatient 
and outpatient settings. Group Health, Inc. isa 
non-profit, member governed HMO with one 
of the largest multi-specialty group practices 
in the Midwest. Our physicians are given the 
ability to focus on practicing high quality, 
cost-effective medicine in an environment that 
is relatively free of administrative duties. The 
Twin Cities are recognized as one of the best 
areas in the country to raise a family. The 
communities provide excellent schools, count- 
less cultural events, numerous recreational 
activities, and a myriad of lakes and parks 
To inquire, please call: (612) 627-6122 


Or send CV to: 
Group Health, Inc. 


Attention: Ann Johnson 
2829 University Avenue SE 
Minneapolis, Minnesota 55414 
























NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: (800) 237-9851. 


NEUROLOGIST — BE/BC to join thriving practice 
in suburban Pittsburgh. Excellent opportunity with 
two community hospitals. Comprehensive diagnos- 
tic laboratory facilities adjacent to main office. 
Interest in EMG/EEG desirable. Competitive salary, 
leading to partnership. Convenient to excellent 
schools and quality affordable housing. Contact: 
Kelly McMahon, Daniel Stern & Associates, 211 
North Whitfield Street, Suite 240, Pittsburgh, PA 
15206. (800) 438-2476. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, ______.. c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 














NEUROLOGIST 
NEEDED: 


*NEW ORLEANS, LA. 
*NASHVILLE, TN. 









Practice opportunities exist 
in suburban communities of 
New Orleans and Nashville 

for board-certified or board- 
admissible, General Adult 
Neurologist. Practice offers 
clinical and hospital setting 
with competitive salary, 
practice establishment package, 
and early partnership in 
excellent family oriented 
communities. 
















Send curriculum vitae to: 


Dennis Bottomley 
Physician Placement Service 
of America 
330 Franklin Road 
Brentwood, TN 37024 
Or call: (800) 359-7421 
FAX: (615) 395-4764 










IMMEDIATE OPENING 
FORA 


GENERAL 
NEUROLOGIST 


Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 
competence in EEG, EMG and 


evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 


Please submit CV to: 


EAST 
TENNESSEE 
NEUROLOGY 
CLINIC 


Suite 501 
Baptist Professional 
Building 
Knoxville, TN 37920 














































NEUROLOGIST 


BC/BE neurologist 
wanted to join a busy 
neurology group in the 
northeastern region. 


Situated ina 

beautiful summer/winter 
recreational area, in 
close proximity to 
several major cities. 


This is an excellent 
professional opportunity 
in a rapidly growing 
community. 


Highly competitive 
salary and fringe 
benefits with early 
partnership. 





Please reply to: 


Box #816, c/o AON 


RERRNRNRRIN HENNE RRR 








Neurologist 


The Mason City Clinic 
is a progressive 
multi-specialty clinic in 
the Heartland. 


We are looking for a 
neurologist to join our very 
busy practice. Small-town 

security within two 
hours of Minneappolis 
and Des Moines. 


MRI, CT, sleep lab, EEG, EMG, 
neurosurgery, cardiac surgery, 
orthopedic surgery, cancer 
center, GI lab, and ENT 
capabilities. 


Excellent salary 
and benefits. 


Submit CV to: 


Ralph A. Wolf, Administrator 


300 N. Eisenhower Avenue 
Mason City, IA 50401 


(515) 423-2435 









BOARD-CERTIFIED/-ELIGIBLE neurologist needed 
for multi-specialty group in Ohio: Three adult neu- 
rologists, a pediatric neurologist, and a physiatrist 
desire the addition of an aduit neurologist. Practice 
includes electroencephalography, carotid ultra- 
sound, and rehabilitation. Teaching and clinical 
research opportunities available. Outstanding com- 
pensation package and partnership. Send. curricu- 
lum vitae to: Sherryn Moore, Office Administrator, 
4575 Stephen Circle NW, P.O. Box 35006, Canton, 
OH 44735. 


KANSAS — Board-certified, board-eligible neurol- 
ogist to join child neurologist in rebuilding a three- 
person practice in the largest city in Kansas. Three 
large, well-equipped hospitals available for resident 
and undergraduate medical education. Located in 
clean, progressive community described as the 
franchise capital of the country. Competitive salary 
and benefits available. Send CV to: Richard C. 
Gilmartin, MD, 2620 East Central, Wichita, KS 67214. 





























_ Faculty Positions _ 


LOYOLA UNIVERSITY Chicago Stritch School of 
Medicine, Department of Neurology invites applica- 
tions for two positions at the assistant professor 
level. Applicants should be board-eligible or -certified 
in neurology and have subspecialty expertise in 
either epilepsy, movement disorders, cerebrovascu- 
lar or neuromuscular diseases. Preference will be 
given to candidates with clinical research interests. 
Send CV to: Gastone Celesia, MD, Chairman, Neu- 
rology Department, Loyola University Chicago, 2160 
South First Avenue, Chicago, IL 60153. Loyola Uni- 
versity Chicago is an equal opportunity/affirmative 
action employer. 


STROKE NEUROLOGIST — The Department of 
Neurology of the University of Virginia Health 
Sciences Center in Charlottesville, Virginia, is seek- 
ing a board-eligible/-certified neurologist to join an 
active, multi-disciplinary Comprehensive Stroke 
Program. Candidate must have previous specialized 
training and experience in clinical and/or basic 
science research in cerebrovascular disease. Cur- 
rent support facilities include a dedicated, interme- 
diate care Stroke Unit, a separate neuromedical/ 
neurosurgical intensive care unit, a clinical neuro- 
vascular laboratory, a specialized Neruological Clin- 
ical Trials Center (includes the Central Registry of 
the International Cooperative Aneurysm Study), 
and 5,000 square feet of fully equipped cerebrovas- 
cular laboratory research space. Acute stroke inter- 
vention trials are enhanced by a rapid entry system 
developed in the NINDS TPA Stroke Tria! and by a 
funded community education program. The clinical 
effort is further supported by busy programs in radio- 
surgery utilizing the Gamma Knife, and endovascu- 
lar surgery/interventional neuroradiology. Faculty 
appointment and salary commensurate with expe- 
rience. Address inquiries or send curriculum vitae 
to: G. Frederick Wooten, MD, Chair, Department of 
Neurology, Box 394, University of Virginia Health 
Sciences Center, Charlottesville, VA 22908. AA/EOE. 


LOYOLA UNIVERSITY Chicago Stritch Schooi of 
Medicine Department of Neurology invites applica- 
tions for two positions at the Assistant Professor 
level. Applicants should be board-eligibie or 
-certified in neurology and have subspecialty exper- 
tise in either epilepsy, movement disorders, cere- 
brovascular or neuromuscular diseases, or geriatric 
neurology. Preference will be given to candidates 
with clinical research interests. Send CV to: Gastone 
Celesia, MD, Chairman, Neurology Department. 
Loyola University Chicago, 2160 South First 
Avenue, Chicago, IL 60153. Loyola University Chi- 
cago is an equal opportunity/affirmative action 

































Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to William E. Mcintosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3500 Camp Bowie Bouie- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


NEUROLOGIST 


High Earnings Potential 








è Set up practice in a thriving, 
midwestern college town. 


@ Share call with three 
top-notch colleagues. 






è Admit to a well-equipped, 
financially stable hospital. 


@ Put HMOs and PPOs out of 
the picture. 










@ Provide your family with the 
lifestyle they deserve. 


è Earn maximum return on 
time invested. 



























Call Diane Meyer at (800) 765-3055, 
24 hours a day, 7 days a week. Or 
FAX your CV to: (314) 726-3009. 


Or send by mail to: 











Cejka & Company 
hh Diane Meyer 

222 South Central 
AV’ suite 700 


St. Louis, MO 63105 


Faculty Positions 


EPILEPTOLOGIST: The Dartmouth-Hitchcock 


Medical Center is seeking an academic neurologist -- 


at the Associate to Full Professor level to chair Epi- 
lepsy Center. Extensive training and established 
academic and clinical experience and productivity 
in all aspects of epilepsy required. Responsibility 
will be to administrate and participate in the clinical 
teaching and research efforts of the Dartmouth- 
Hitchcock Epilepsy Center. Board-certification or 
-eligibility is required. Position available, July 1991. 
Send curriculum vitae to: Alexander G, Reeves, MD, 
Professor and Chairman, Section of Neurology. 
Dartmouth-Hitchcock Medical Center, Hanover, NH 
03756. The Dartmouth-Hitchcock Medical Center is 
an equal opportunity/affirmtive action employer. 





available for BC/BE neurologists with dementia, 
EMG/neuromuscular diseases and cerebrovascular 


disease expertise. Successful applicants will bepro- - 


vided laboratory space and support in a dynamic. 
growing department, take an active role in the 
Creighton-Nebraska neurology training program 
and be afforded ample research and clinical coha- 
borative opportunities for career advancement. 
Creighton is an established university and medica! 
center with expanding and diverse facilities, includ- 
ing a new PET Center. Send inquiries to: John M. 
Bertoni, MD, PhD, Professor and. Chairman; 
Department of Neurology, 601 North 30th Street, 
Suite 2342, Omaha, NE 68131. EOE. 





PGY-IH — University of South Alabama Medical 
Center invites applications for a PGY-III position in 
Neurology beginning July 1, 1991. Reply to: Paul 
Dyken, MD, Professor and Chairman, Department 
of Neurology, 2451 Fillingim Street, Mobile, AL 

















36617. Telephone: (205) 471-5801. 








| DIRECTOR, CLINICAL. EEG/EP P iaboratoty with an 

appointment in Department of Neurology, Harvard 
| Medical School, is sought. by the Neurology Div- 
L-ision, Brigham and Women's Hospital, Boston. The 
“successful: candidate will direct the clinical, inves- 
igative and teaching aspects of the EEG and EP 
ratory.: Applicants shouid be board-certified 
urologists with demonstrated facility in neuro- 
physiology. Clinical skill and laboratory expertise 
_are equally important aspects of the position. Please 
id inquiries and CV to: Martin A. Samuels, MD, 
igham and Women's Hospital, 75 Francis Street, 
| Boston, MA 02115. Brigham and Women’s Hospital 
“and Harvard Medical Schoo! are equal opportunity 
employers. 















DIRECTOR, Neurology-Neurosurgery Intensive 
Care: Unit with an appointment in Department of 
“Neurology, Harvard Medical School, is sought by 
5 Neurology Division, Brigham and Women's 
ospital, Boston. The successful candidate will 
jrect the clinical, investigative and teaching 
aspects of Neuro-ICU: Applicants should be board- 
certified in: Neurology and Internal Medicine with 
‘demonstrated facility in organizing and operating a 












| Neuro-ICU. Clinical skill and clinical research facil- 

| ity are equally important aspects of the position. 
Please send inquiries and CV to: Martin A. Samuels, 

> MD; Brigham and Women's Hospital, 75 Francis 
Street, Boston, MA 02115. Brigham and Women's 
Hospital and Harvard Medical School are equal op- 
portunity employers. 

















‘AMERICAN MEDICAL SOFTWARE’S Medical 

| Office Management, Office Billing, Electronic 

| Claims, Bar Coding, and Medical Records Systems 

ature easy installation-operation, advanced capa- 

ilities, and toll free support. For information, call: 
423-8836. 


LO PHYSICIAN joining group has used equip- 
| mentin good condition for sale; Nicolet Evoked 
“Potential, EMG, Oxford Ambulatory EEG (scanner, 
“recorder, sleep stages), Biosound Carotid Ultra- 
sound Imager. Contact: Pau! Bustion, MD, 1801 
North Senate Boulevard, Suite 510, Indianapolis, IN 
46202. (317) 929-5828. 









FOR SALE — BIOLOGIC Ill 
20 channel EEG/VER; color jet printer; 
80286 16 bit microprocessor. 54" dbl/ 
dbl floppy with 1.2 MEG storage; 20 
MEG hard disk; RGB 13° CRT. Cart, 
i To banker. $50,000 OBO. 

Contact Barbara Jessen: (206) 242-0201. 





985 NIHON KOHDEN Neuropack 8 Evoked Poten- 
“tial Machine-VEP, BAEP, SSEP; with color monitor 
‘and: plotter. Excellent condition: $15,000. (703) 
| 885-6000. 


















AMBULATORY 
EEG SCANNING SERVICE 


For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report upon receipt of tape. 
Call: EEG Department 
DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room.211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 





A RIT! BRIEF REVIEWS on topics in neuroicdy for 
$500-$1,000, Respond with CV to: Dr. S. Demeter, 
-Publishing Corp., 333 Metro Park, Suite N- 
chester. NY 14623, 













We Target The Physician 
You Want! 


The Archives of Neurology’'s classified recruitment advertising section is seen 
precisely by the physician you need — neurologists, child neurologists and neuro- 
logical surgeons. A total specialized physician audience of over 16,000. 


Find the physician you need now. Send us your advertising order today. Just 
complete the coupon below. The next available issue is July which closes Monday, 
May 27th. 


The classified rate is $1.00 per word for one issue. For three issues or more, the rate 
is $ .90 per word per issue. Minimum classified ad is 20 words. 


Sie S ORDER FORM — — — — — — — — — 


Insert my ad n times, beginning with the m ISSUE. 





Place my ad under the heading = 5 


Enclosed is my check for $ to cover full payment 
of my advertising schedule. 





Institution = 





Contact Person 





Address . 





City - State Zip 








Area Code & Telephone Number 











Authorized Signature - 


COPY FOR CLASSIFIED ADVERTISEMENT: {Please type or print to avoid errors) 


















































Send all copy and payments to: 
ARCHIVES 


Neurology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 © Local (813) 443-7666 
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Germ Cell Tumors Masquerading as Central 
Nervous System Sarcoidosis 


David M. Peeples, MD; Barney J. Stern, MD; Violet Jiji, MD; K. Singh Sahni, MD 


© The diagnosis of central nervous system 
sarcoidosis is uncertain without typical 
multisystem involvement. We describe two 
patients with isolated central nervous sys- 
tem mass lesions whose biopsy results were 
consistent with sarcoidosis. After a progres- 
sive clinical course, they were found to have 
diencephalic germinomas. Germ cell tu- 
mors, in particular, should be considered in 
the differential diagnosis of central nervous 
system sarcoidosis as they are potentially 
treatable, occur in intracranial locations fa- 
vored by sarcoidosis mass lesions, and may 
be surrounded by granulomatous inflamma- 
tion that can be mistaken for the noncaseat- 
ing granulomas of sarcoidosis. 

(Arch Neurol. 1991 ;48:554-556) 


ntracranial granulomatous mass le- 

sions can arise from diverse path- 
ogenic mechanisms. Infectious process- 
es, inflammatory disorders, and neo- 
plastic disease can all result in granulo- 
matous reactions. Sarcoidosis can pre- 
sent with isolated central nervous sys- 
tem (CNS) involvement,’ occasionally 
in the form of a mass lesion"; systemic 
manifestations are typically found or 
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develop over time. We describe two pa- 
tients with diencephalic granulomatous 
mass lesions that were initially thought 
to represent CNS sarcoidosis, but were 
found, after relentless progression, to 
be germ cell tumors. 


REPORT OF CASES 


CASE 1.—A 37-year-old white man pre- 
sented in October 1985 with polyuria and 
polydipsia. Evaluation revealed a partial 
antidiuretic hormone deficiency, positive pu- 
rified protein derivative tuberculin, and a 
2.5-em suprasellar contrast-enhancing mass 
on computed tomographic sean, A chest 
roentgenogram revealed old granulomas. 
Results of lacrimal gland biopsy and angio- 
tensin-converting enzyme levels were nor- 
mal, as were serum and cerebrospinal fluid 
B-human chorionie gonadotrophin and 
a-fetoprotein levels. A stereotactic biopsy 
specimen showed a mononuclear cell infil- 
trate consistent with granulomatous disease. 
The patient was treated with desmopressin 
acetate (ADAVP), isoniazid, and rifampin. In 
October 1986, diminished visual acuity oc- 
curred, and computed tomographic seans re- 
vealed a slight increase in the size of the 
lesion (Fig 1, left). The diagnosis of sarcoid- 
osis was made, and prednisone therapy 
(80 mg/d) was initiated. In December 1986, 

„the patient developed headaches, a post- 
chiasmatic syndrome with a right homony- 
mous hemianopsia and a left inferior qua- 
drantanopsia, and tinnitus and hearing loss 
in the right ear. His cerebrospinal fluid was 
acellular (protein, 0.96 g/L; and glucose, 3.2 
mmol/L). He underwent surgical exploration 
in January 1987; the mass had a friable ap- 
pearance and was adherent to the hypothala- 
mus. Pathologie examination revealed in- 
flammatory cells with a granulomatous 


reaction consistent with sarcoidosis. Acid- 
fast bacilli and fungal stains and cultures 
were negative. Prednisone therapy (140 
mg/d) improved the patient's visual and aural 
symptoms, but by April 1987 he again devel- 
oped progressive visual loss and constricted 
visual fields. Complete reevaluation for sys- 
temic sarcoidosis was negative, and in May 
1987 cyclosporine was administered in addi- 
tion to prednisone as part of an investigation- 
al study for refractory neurosarcoidosis. In 
July 1987 the findings of the patients neuro- 
logic examination were unchanged, but a 
computed tomographic scan of his cranium 
revealed further enlargement of the mass 
(Fig 1, right). He developed Pneumocystis 
carinii pneumonia and died after a respira- 
tory arrest. 

Autopsy revealed a 5.5 «2.0 x 1.1-em_ pe- 
dunculated mass composed of gray, some- 


what. rubbery tissue protruding from the , 


sella turcica, involving both optic nerves, the 
optic chiasm, and the pituitary stalk, and 
loosely adherent to the base of the third ven- 
tricle and hypothalamus. Microscopic exami- 
nation revealed a germinoma composed of 
sheets of large round cells with pale eyto- 


plasm and hyperchromatic nuclei. Lymphoid > 


cells were infiltrating between the tumor 
cells and fibrovascular stroma. No granulo- 
mas were seen (Fig 2). The eighth cranial 
nerves were normal. 

CASE 2.—A 16-year-old white boy pre- 
sented in January 1987 with headaches, pap- 
illedema, and a small enhancing lesion ob- 
structing the foramen of Monroe (Fig 3, left). 
Ventriculoperitoneal shunting was followed 
by a right frontal craniotomy and a biopsy, 
which revealed a granulomatous reaction in 
the floor of the third and left lateral ventri- 
cles, consistent with sarcoidosis (Fig 4, left). 
There was no tumor found, and acid-fast ba- 
cilli, fungal, and mucin stains were negative. 
Analysis of cerebrospinal fluid showed 8 


Germ Cell Tumors — Peeples et.al 


si 


Fig 1.—Left, Contrast-enhanced computed tomographic scan of patient 1 reveals a discrete 
suprasellar mass. Right, Contrast-enhanced computed tomographic scan of the same patient 


9 months later shows enlargement of the mass. 


monocytes; protein, 0.34 g/L: and glucose, 
4,3 mmol/L; the eytopathologic findings were 
negative, Systemic evaluation for sareoid- 
osis was unrevealing. Prednisone therapy 
(40 mg/d) was initiated. In July 1987 a com- 
puted tomographic scan revealed extensive 
enhancement in the anterior third ventricle 
and hypothalamus. The patient developed 
mild central hypopituitarism, with slightly 
low thyrotropin, thyroxine, and testosterone 
levels, Weekly infusions of methylpredniso- 
lone (30 mg/kg) were begun, but by Septem- 
ber 1987 there was a 3-cm intraventricular 
enhancing mass (Fig 3, right), and a hypotha- 
lamie syndrome with hyperpyrexia, hyper- 
somnolence, and diabetes insipidus had 
developed. In October 1957 a large heteroge- 
neous third ventricular mass was removed. 
Pathologic examination revealed malignant 
germinoma, composed predominantly of em- 
bryonal carcinoma and focal teratoma (Fig 4, 
right) There was extensive necrosis and 
granulomatous inflammation. An immuno- 
peroxidase a-fetoprotein stain was positive, 
Postoperatively, the patient did poorly, with 
rapid tumor recurrence despite radiation 
therapy and chemotherapy. He died of sepsis 


several months later. 












COMMENT 


Sarcoidosis is a multisystem granulo- 
matous disease of unknown origin with 
neurologic manifestations in 4% of 
cases.'"' Nearly 50% of patients with 
neurosarcoidosis will have neurologic 
symptoms as the initial feature of their 
illness. Although rare, isolated granulo- 
matous mass lesions can be the sole clin- 
ical manifestation of sarcoidosis.” The 
suprasellar region is a characteristic 
site, and diabetes insipidus, as in our 
first patient, is not an unusual presenta- 
tion.” Nevertheless, multisystem in- 
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Oa. 
Fig 2.—Representative histologic section of 
the germinoma obtained at autopsy of patient 1 
reveals characteristic germinoma cells in a 
loose vascular stroma with interspersed tym- 
phocytes (hematoxylin-eosin, x 320). 





Fig 3.—Left, Contrast-enhanced computed tomographic scan of patient 2 reveals an enhancing 
lesion near the third ventricle and dilatation of the left lateral ventricle. Right, Contrast-enhanced 


computed tomographic scan of the same patient 8 months later reveals a large cystic mass. 


volvement is the rule: one autopsy study 
found disseminated disease to be com- 
mon despite isolated neurologic symp- 
toms,” and another clinical series of 50 
consecutive patients with neurosar- 
coidosis reported that of 24 who pre- 
sented with neurologic symptoms, sys- 
temic involvement eventually devel- 
oped in all but five.’ 

Both our patients were white males 
who lacked the stigmata of multisystem 
sarcoidosis such as elevated serum an- 
giotensin-converting enzyme levels, ad- 
enopathy, uveitis, or pulmonary inflam- 


mation. Neurosarecoidosis was enter- 
tained on the basis of biopsy of the CNS 
lesion, twice in our first patient, which 
revealed no evidence of neoplasia or in- 
fection, Although a granulomatous 
CNS mass lesion could be either true 
isolated CNS sareoidosis or simply a 
harbinger of systemic involvement, the 
lack of evidence for multisystem sar- 
coidosis makes a diagnosis, even on the 
basis of biopsy, far less certain. Fur- 
thermore, concurrent corticosteroid 
treatment can make detection of inflam- 
mation in other organs difficult. 
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Fig 4.—Left, Section of open biopsy specimen from patient 2 reveals granulomatous inflammation 
(hematoxylin-eosin, x 320). Right, Second biopsy specimen obtained 8 months later shows a 
malignant germ cell tumor with features of an embryonal carcinoma (hematoxylin-easin, x 320). 


Although noncaseating granulomas 
are the pathologic hallmark of sarcoi- 
dosis, granulomatous inflammation is 
nonspecific and must be considered 
within the clinical framework. Granulo- 
ma formation can arise from diverse 
processes including tuberculosis, atypi- 
cal mycobacteria, fungal infections, 
syphilis, brucellosis, actinomycosis, tu- 
laremia, leprosy, vasculitis, and foreign 
body reactions and as a response to cer- 
tain neoplasms. Histologically, the sar- 
coidosis granuloma is composed of large 
pale-pink epithelial cells with inter- 
spersed giant cells and lymphocytes. 
Caseation is not prominent, but may 
occur and cause confusion with tubercu- 
losis. Schaumann’s and asteroid bodies 
are perhaps most common in sarcoidosis 
granulomas, but they are not pathogno- 
monic features and cannot be reliably 
used as diagnostic criteria.’ 

The treatment of CNS sarcoidosis 
mass lesions typically begins with corti- 
costeroid therapy. In refractory cases, 
or when decompensation is imminent 
owing to mass effect, high-dose cortico- 
steroid therapy, treatment with other 
immunosuppressive agents, surgical 
exploration, and radiotherapy are often 
considered.* These interventions can 
occasionally lead to further diagnostic 
confusion. For instance, lymphoma may 
respond to corticosteroid or radiation 
therapy. The possibility of alternative 
diagnoses should always be kept in mind 
and aggressively excluded. 

Intracranial germ cell tumors, also 
called atypical teratoma or ectopic pin- 


556 = Arch Neuro!— Vol 48, May 1991 


ealoma, are rare.” They usually occur in 
the pineal region, causing increased in- 
tracranial pressure and Parinaud’s 
ophthalmoplegia. A suprasellar location 
is the second most common site. Diabe- 
tes insipidus can be an early sign, with 
the late development of hypopituita- 
rism, hypothalamic dysfunction, visual 
field defects, and raised intracranial 
pressure. Symptoms and sites of in- 
volvement are strikingly similar to sar- 
coidosis mass lesions. Furthermore, a 
granulomatous reaction is common in 
the periphery of such lesions, and the 
malignancy can be missed on biopsy if 
the core of the tumor is not obtained.” 
Some germinomas secrete a-fetopro- 
tein, B-human chorionic gonadotro- 
phin, or placental alkaline phospha- 
tase." An elevated cerebrospinal fluid 
angiotensin-converting enzyme level 
has been documented in a patient with a 
suprasellar germinoma,” a finding that 
can occur in CNS sarcoidosis and there- 
by further contribute to diagnostic con- 
fusion.” One of our patients had no tu- 
mor markers at presentation, and the 
other was not evaluated prior to tumor 
debulking, at which time the tissue had 
a positive a-fetoprotein immunoperoxi- 
dase stain. It is possible that if elevated 
cerebrospinal fluid levels of a-fetopro- 
tein had been detected, an earlier diag- 
nosis might have been possible. There is 
an excellent response of germ cell tu- 
mors to radiotherapy," highlighting 
the importance of accurate diagnosis. 
Without the stigmata of multisystem 
disease, basing the diagnosis of CNS 


sarcoidosis on the biopsy specimen of a 
mass lesion demonstrating noncaseat- 
ing granulomas is fraught with uncer- 
tainty. Our two cases illustrate several 
important aspects in the management of 
patients with granulomatous mass le- 
sions from presumed isolated CNS sar- 
coidosis: (1) The diagnosis of CNS sar- 
coidosis is most certain if multisystem 
disease is demonstrated. (2) Biopsy of a 
mass lesion can miss the primary patho- 
logic process and reveal only a nonspe- 
cific granulomatous reaction. (3) If 
clinical progression occurs, with en- 
largement of the mass lesion despite ag- 
gressive corticosteroid therapy, contin- 
ued search for systemic disease and 
another biopsy, if possible, are indi- 
cated to rule out infection or neoplasia. 
(4) Corticosteroid therapy may mask 
the stigmata of disease at other sites. 
(5) Germ cell tumors, in particular, need 
to be considered because they are po- 
tentially treatable, frequently occur at 
intracranial locations favored by sar- 
coidosis, and have a prominent sur- 
rounding granulomatous reaction. 


Richard J. Otenasek, Jr, MD, referred patient 2. 
We thank Ed Koo, MD, who reviewed the patholo- 
gy specimens, and Gwendolyn Boyd and Charlie 
Harper, who helped prepare the manuscript. 
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Í ad Phe Sodium Capsules, USP) ee 
Belore prescribing, please see full prescribing information. A Brief Summary follows. 
INDICATIONS AND USAGE: Ditantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe} seizures and prevention and treatment 
of seizures occurring during or following neurosurgery, 
~. Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology in the full prescribing information). 
- CONTRAINDICATIONS: Phenytoinis contraindicated in those patients who are hypersensitive 
570 phenytoin or other hydantoins. 
NINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
ipticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
3n. OF Substitution of alternative antiepileptic medication arises, this should be done gradually. 
_ However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
‘belonging to the hydantoin chemical class. 
There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness. eg, 
fever, rash and liver involvement. 
» Anal cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure contro! using alternative antiepileptic drugs. 
i Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 
-in View of isolated reports associating phenytoin with exacerbation of porphyria, caution should 
be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports Suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 

najority of mothers on antiepileptic medication deliver 
ormal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 


Medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
aven minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
ahysician will wish to weigh these considerations in treating or counseling epileptic women of 
shildbearing potential. 

in addition to the reports of increased incidence of congenital malformation. such as cleft 
ip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
rugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
jrowth deficiency, microcephaly and mental deficiency in children born to mothers who have 
eceived phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
aterrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
nothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 

cause of altered phenytoin absorption or metabolism. Periodic measurement of serum 
ihenytoin fevels is particularly valuable in the management of a pregnant epileptic patient as a 
juide to:an appropriate adjustment of dosage. However, postpartum restoration of the original 
fosage will probably be indicated. 
_ Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
‘pileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
i correct this defect and has been recommended to be given to the mother before delivery and 
athe neonate after birth. 

CAUTIONS: General: The liver is the chief site of biotranstormation of phenytoin; patients 
(ith Impaired liver function, elderly patients. or those who are gravely ill may show early signs 
ftoxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
letabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
finduction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
Scontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
dhnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
‘sumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
‘amilder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
impletely: disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
edication is contraindicated. 

Pheniytoin and other hydantoins are contraindicated in patients who have experienced 
Jenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
g; barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
Rients. 
Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 

-Phenytoin may also raise the serum glucose level in diabetic patients. 

lalacia has been associated with phenytoin therapy and is considered to be due to 
erference with Vitamin D metabolism. 
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referred to as ‘delirium psychosis,” or “encephalopathy” or rarely irreversib 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recomn 
reduction of phenytoin therapy is indicated if plasma levels are excessive, ifsymp! 
termination is recommended. (See Warnings.) i 
information for Patients: Patients taking phenytoin should be advised of the ir 
adhering strictly to the prescribed dosage regimen, and of informing the physician | 
condition in which it is not possible to take the drug orally as prescribed, eg, suri 

Patients should also be cautioned on the use of other drugs or alcoholic beverage: 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to r 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to act 
dosage adjustments. 

Drug Interactions: There are many drugs which May increase or decrease pheny 
which phenytoin may affect. Serum level determinations for phenytoin are espe 
when possible drug interactions are suspected. The most commonly occurring druc 
are listed below: 1. Drugs which may increase phenytoin serum levels include: a 
intake, amiodarone, chioramphenicol, chlordiazepoxide, diazepam, dicumarol. 
estrogens, Hp-antagonists, halothane, isoniazid, methylphenidate, phen 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodon: 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic al 
reserpine, and sucralfate. Moban® brand of molindone hydrochioride contains c 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin 
preparations containing calcium should be staggered in patients with low serum phe 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: ph 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarb 
acid and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efticacy is impaired b 
include: corticosteroids, coumarin anti 
digitoxin, doxycycline, estrogens, furos 
contraceptives, quinidine, rifampin, th 
vitamin D, 

Drug/Laboratory Test Interactions: Phe 
Cause decreased serum levels of protein-b 
(PBI). it may also produce lower than norm 
dexamethasone or metyrapone tests. Phe 
cause increased serum levels of glucose, all 
phatase, and gamma glutamyl transpeptic 
Carcinogenesis: See “Warnings” section f 
tion on carcinogenesis. 
Pregnancy: See Warnings. 
Nursing Mothers: Infant breast-feeding is not recommended for women taking this dr 
phenytoin appears to be secreted in low concentrations in human milk. 
ADVERSE REACTIONS: Central Nervous System: The most common manifestations € 
with phenytoin therapy are referable to this system and are usually dose-related. Th 
nystagmus, ataxia, slurred speech. decreased coordination and mental confusion. 
insomnia, transient nervousness, motor twitchings, and headaches have also been obse 
have aiso been rare reports of phenytoin induced dyskinesias, including chorea, dysto 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 
A predominantly sensory peripheral polyneuropathy has been observed in patient 
long-term phenytoin therapy. 
Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver 
integumentary System: Dermatological manifestations sometimes accompanied by 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measies-like) i 
common; other types of dermatitis are seen more rarely. Other more serious forms: 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosu: 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 
Hemopoietic System: Hemopoietic complications, some fatal, have occasionally bee 
in association with administration of phenytoin. These have included thrombocytape 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone m, 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditic 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperpli 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warning 
Connective Tissue System: Coarsening of the facial features, enlargement of the lip 
hyperplasia, hypertrichosis and Peyronie's Disease. 
Cardiovascular: Periarteritis nodosa. 
Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, $ 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash) 
lupus erythematosus, immunoglobulin abnormalities. 
OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Othe: 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient ma 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma les 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL., at. 
meg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 me 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. 
as 25 times the therapeutic dose has been taken to result in a serum concentration 
meg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully obs¢ 
appropriate supportive measures employed. Hemodialysis can be considered since i 
is not completely bound to plasma proteins. Total exchange transfusion has been us 
treatment of severe intoxication in children. 


In acute overdosage the possibility of other CNS depressants, including alcohol, < 
borne in mind. 


Caution — Federal law prohibits dispensing without prescription. 0. 
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As rare as a seizure on 
Dilantin eren phenytoin sodium capsules, USP) 00 mg 


“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 um in 
diameter, form in abundance—-an exceedingly rare event? 
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For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way! 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 1g/mL),? often with , 
once-daily therapy (Dilantin® Kapseals”), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
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Sinemet...for many patients with 
_ the foundation of therapy for 5 years. 


The management of levodopa therapy in Parkinson's 
disease can be complex. It calls for a delicate balance 
between the relief of symptoms by the replacement of 
dopamine in the brain and the occurrence of side effects. 

Dopamine replacement is the mainstay of therapy 
ee z j Parkinson's EE Only Sinemet” re-establishes 

aiancng Dopamine Rep 'aciment anr opamine levels in the brain. 
Parkinson's disease ey be sed padi teint : But, too much or too little dopamine can affect the 
particularly as the disease progresses enacts patient's quality of life. So dosage must be monitored and 


and frequency according to patient needs, physicians can rogresses, beca utic 
achieve the delicate balance needed between dopamine adj usted as the disease p use the therape 
replacement and therapeutic response. window narrows over time. 


Levodopa levels in the brain 





‘Sinemet provides you the flexibility needed to adjust 
dosage based on the individual patient's therapeutic 
window...by changing dosing frequency ..dosage strength... 
or by changing the ratio between carbidopa and levodopa. 

Nothing else helps you maintain the delicate balance 
needed to manage the signs and symptoms of Parkinson's 
disease like Sinemet? 


‘Because carbidopa permits more levodopa to reach the brain and, thus, more 
dopamine to be formed, dyskinesias may occur at lower doses and sooner DU PONT 


with Sinemet” than with levodopa. The occurrence of dyskinesias may require PHARMA 

dosage reduction. Please see a brief summary of prescribing information on the 

‘adioining page. Du Pont Pharmaceuticals 

oe Wilmington, DE 19880-0026 
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_ Dosage Guidelines 
Individualized dosage—a key to clinical 
| success with Sinemet® 

ed Begin when symptoms first interfere 
with normal function 

_ © Adjust as necessary to help maintain 
relief of symptoms 













































For initial therapy...Start with: 
SINEMET 25-100 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 
If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 
tablets of Sinemet 25-100 a day is reached. 


When it is evident that patients need more 
levodopa... Transfer to: 


SINEMET 25-250 
containing 25 mg carbidopa 
{anhydrous equivalent) and 

250 mg levodopa 


one tablet t.i.d. 

|. If still more levodopa is necessary, dosage 
“with Sinemet 25-250 may be increased by 

T: one-half to one tablet every day or every 
K pei day to a maximum of eight tablets 

- aday. 


When individualizing dosage... Titrate with: 
SINEMET 10-100 
containing 10 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 
or SINEMET 25-100 


or SINEMET 25-250 


The optimum daily dosage of Sinemet 
must be determined by careful titration in 
each patient. Tablets of the three strengths 
may be given separately or combined as 
needed to provide the optimum daily 
dosage. 

For patients transferred 
from levodopa 
DISCONTINUE LEVODOPA AT LEAST 
8 HOURS BEFORE STARTING SINEMET. 

The starting dose for Sinemet should 
provide about 25 percent of previous 
levodopa requirements. (Patients receiv- 
ing less than 1500 mg of levodopa a day 
should be started on one tablet of 
Sinemet 25-100 tid. or qid.) 


Cinc 
(Carbidopa- 






When SINEMET Is to be given to patients who are being 
treated with levodopa, levodopa must be discontinued 


DOSAGE AND ADMINISTRATION sections in the 
Prescribing Information before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET should 
not be given concomitantly. MAO inhibitors must be discon- 
tinued at least 2 weeks prior to initiating therapy with 
SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, 

it should not be used in patients with suspicious, undiagnosed 
skin lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours 
before SINEMET is started. SINEMET should be substituted 
atadosage that will provide approximately 25 percent of the 
previous levodopa dosage. (See DOSAGE AND AD- 
MINISTRATION section of Prescribing Information.) Patients 
taking SINEMET should be instructed not to take additional 
levodopa unless prescribed. 

As with levodopa. SINEMET may cause involuntary 
movements and mental disturbances. These reactions may 
be due to increased brain dopamine following administration 
of levodopa. All patients should be observed carefully for 
development of depression with concomitant suicidal 
tendencies. Treat with caution patients with past or current 
psychoses. Because carbidopa permits more levodopa to reach the brain 
and. thus, more dopamine to be formed. dyskinesias may occur at lower 
dosages and sooner with SINEMET than with levodopa. Occurrence 
of dyskinesias may require dosage reduction. 

SINEMET should be administered cautiously to patients 
with severe cardiovascular or pulmonary disease, bronchial 
asthma, renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET. as with 
levodopa, to patients with history of myocardial infarction 
who have residual atrial, nodal, or ventricular arrhythmias. 
Insuch patients, cardiac function should be monitored with 
particular care during period of initial dosage adjustment. in 
a facility with provisions for intensive cardiac care. 

As with levodopa, there is possibility of upper Gi hemor- 
rhage in patients with history of peptic ulcer. 

Asymptom complex resembling the neuroleptic malig- 
nant syndrome including muscular rigidity, elevated body 
temperature, mental changes, and increased serum creatine 
phosphokinase has been reported when antiparkinsonian 
agents were withdrawn abruptly. Therefore, patients should 
be observed carefully when the dosage of SINEMET is reduc- 
ed abruptly or discontinued, especially if the patient is receiv- 
ing neuroleptics. 

Usage in Pregnancy and Lactation. Although effects of 
SINEMET on human pregnancy and lactation are unknown. 
both levodopa and combinations of carbidopa and levodopa 
have caused visceral and skeletal malformations in rabbits. 
Use of SINEMET in women of childbearing potential requires 
that anticipated benefits of the drug be weighed against 
possible hazards to mother and child. SINEMET should not 
be given to nursing mothers. 

Usage in Children: Safety of SINEMET in patients under 18 
has not been established. 

Precautions: As with levodopa. periodic evaluations of 
hepatic. hematopoietic. cardiovascular, and renat function are 
recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored careful- 
ly for changes in intraocular pressure during therapy. 

Laboratory Tests: Abnormalities in laboratory tests may in- 
clude elevations of liver function tests such as alkaline 
phosphatase, SGOT (AST), SGPT {ALT}. lactic dehydrogenase. 
and bilirubin. Abnormalities in protein-bound iodine. blood 
urea nitrogen, and positive Coombs test have also been 
reported. Commonly. levels of blood urea nitrogen, 
creatinine. and uric acid are lower during administration of 
SINEMET than with levodopa. 

SINEMET may cause a fa'se-positive reaction for urinary 
ketone bodies when a test tape is used for determination of 
ketonuria. This reaction will not be altered by boiling the 
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_ urine specimen. False negative tests: 
of glucose-oxidase methods of testing for glucosuria. : 
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are administered concomitantly with SINEMET. a 

Symptomatic postural hypotension can occur when 
SINEMET isadded to the treatment of a patient receivingan- 
tihypertensive drugs. Therefore, when therapy with SINEMET 
is started, dosage adjustment of the antihypertensive drug 
may be required. For patients receiving monoamine oxidase 
inhibitors, see CONTRAINDICATIONS (above). À 

There have been rare reports of adverse reactions, in- 
cluding hypertension and dyskinesia, resulting from the con- 
comitant use of tricyclic antidepressants and SINEMET. 

Phenothiazines and butyrophenones may reduce the 

therapeuticeffects of levodopa. In addition, the beneficial ef 
fects of levodopa in Parkinson's disease have been reported 
to be reversed by phenytoin and papaverine. Patients taking 
these drugs with SINEMET should be carefully observed for 
loss of therapeutic response. 
Adverse Reactions: Most common serious adverse reac- 
tions occurring with SINEMET are choreiform, dystonic, and 
other involuntary movements. Other serious adverse reac- 
tions are mental changes including paranoid ideation and 
psychotic episodes, depression with or without development 
of suicidal tendencies and dementia. Convulsions also have 
occurred: however, a causal relationship with SINEMET has 
not been established. 

Acommon but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities 
and/or palpitation, orthostatic hypotensive episodes, 
bradykinetic episodes {the “on-off” phenomenon), anorex- 
ia. vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ulcer, 
hypertension, phlebitis, hemolytic and non-hemolytic 
anemia, thrombocytopenia. leukopenia, and agranulocytosis 
have occurred. 

Laboratory tests which have been reported to be abnor- 
mal are alkaline phosphatase, SGOT (AST), SGPT (ALT), lac 
tic dehydrogenase, bilirubin, blood urea nitrogen, protein- 
bound iodine, ard Coombs test. 

Other adverse reactions that have been reported with 
levodopa are: Nervous System: ataxia, numbness, increased 
hand tremor, muscle twitching, muscle cramps. 
blepharospasm {which may be taken as an early sign of ex- 
cess dosage. consideration of dosage reduction may be 
made at this time). trismus, activation of latent Horner's syn- 
drome. Psychiatric: confusion, sleepiness, insomnia, 
nightmares, hallucinations, delusions, agitation, anxiety, 
euphoria. Gastrointestinal: dry mouth. bitter taste, sialorrhea, 
dysphagia, bruxism, hiccups, abdominal pain and distress, 
constipation, diarrhea, flatulence. burning sensation of 
tongue. Metabolic: weight gain or loss, edema. Integumentary: 
malignant melanoma (see also CONTRAINDICATIONS). 
flushing, increased sweating, dark sweat, skin rash, loss of hair. 
Genitourinary: urinary retention, urinary incontinence. dark 
urine, priapism, Special Senses: diplopia, blurred vision, dilated 
pupils, oculogyric crises. Miscellaneous: weakness, faintness, 
fatigue, headache, hoarseness, malaise. hot flashes, sense of 
stimulation, bizarre breathing patterns, neuroleptic malignant 
syndrome. 

Overdosage: Management of acute overdosage with 
SINEMET is basically the same as management of acute over- 
dosage with levodopa: however. pyridoxine is not effective 
in reversing the actions of SINEMET. 

How Supplled: Tablets SINEMET 10-100, SINEMET 25-100, 
and SINEMET 25-250 are supplied in bottles of }OOand unit 
dose packages of 100. 

Storage: Tablets SINEMET 10-100 and Tablets SINEMET 
25-250 must be protected from light. 
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INDERAL® LA (propranolol HC!) Long Acting Capsules. 
BRIEF SUMMARY OF PRESCRIBING INFORMATION: Sus 

CONSULT THE PACKAGE LITERATURE FOR FULL PRESCRIBING INFORMATION. oS 
CONTRAINDICATIONS. INOERAL is contraindicated in 1} cardiogenic shock: 2) sinus: bradycardia and greater than fi $ 
degree block; 3) bronchial asthma: 4} congestive heart failure (see WARNINGS) unless the failure iS Secondary 
tachyarrhythmia treatable with INDERAL 3 

WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vita! component supporting Srey ne 
patients with congestive heart failure, and its inhibition by bela-blockade may precipitate more Severe lailure. Although 
blockers should be avoided in overt congestive hear failure, if necessary, they can be used with clase follow-up in patients 
a history of failure who are well compensated and are receiving digitalis and diuretics, Beta-adrenergic blocking agents-do 
abolish the inotropic action of digitalis on heart muscle. PAS 
IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers can, in some cases, lead to: card 
failure. Therefore, af the first sign or symptom of heart lailure, the patient should be digitalized and/or treated with diuretics. 
the response observed closely, or INDERAL should be discontinued (gradually, if possible). 








IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina and, in some cases, myocardial 
infarction, following abrupt discontinuance of INDERAL therapy. Therefore, when discontinuance of INDERA is planned. the 
dosage should be gradually reduced over at least a few weeks, and the patient should be cautioned against intemuption or 
cessation of therapy without the Physicians advice. if INDERAL therapy is interrupted and exacerbation of angina occurs, it 
usually is advisable to seinstitute INDERAL erap and lake other measures appropriate for the management of unstable 
angina pectoris. Since coronary artery disease tnay de unrecognized, it may be prudent fo follow the above advice in-patients 
considered at risk of having occult atherosclerotic heart disease who are given propranolol for other indications. S 


Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema) ~ PATIENTS WITH BRONCHOSPASTIC DISEASES: 
SHOULD N GENERAL NOT mee BETA BLOCKERS. INDERAL should be administered with caution since it may block =. 0 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of beta receptors, oS 
MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior to major surgery is controversial. ft: 
Should be noted that the impaired ability of the heart to respond to reflex adrenergic stimuli may augment the risks of general’ 
anesthesia and surgical procedures. 
INDERAL. like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects can be reversed by. 
administration of such agents, eg, dobutamine or isoproterenol. However, such patients may be subject to protracted severe: 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers. 
DIABETES AND HYPOGLYCEMIA: Use beta blockers with caution in diabetic patients if a beta-blocking agent is required. Beta 
blockers may mask tachycardia occurring with hypoglycemia: other manifestations such as dizziness and Searg may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay in the recovery ol blood glucose: 
to normal Jevels. 
THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism, thus abrupt withdrawal of propranalgl 
may be followed by an exacerbation af symptoms of hyperthyroidism, including thyroid storm. Propranolol may change thyroid- 
3 















function tests, increasing T, and reverse Ty, and decreasing ; 
IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been reported in which, after propranolol, 
poya oa ae by severe bradycardia requiring a demand pacemaker. In one case this resulted alter an initial dose of 
PRECAUTIONS. GENERAL: Use with caution in patients with impaired hepatic or renal function. INDERAL is not indicated for. 
the treatment of hypertensive emergencies. 

Bela-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be told that INDERAL may interfere 
with the glaucoma screening test. Withdrawal may tead fo a return of increased intraocular pressure, ; 
CLINICAL LABORATORY TESTS: Elevated biood urea levels in patients with severe heart disease, elevated serum transaminase, 
alkaline phosphatase, lactate dehydrogenase. 

ORUG INTERACTIONS: Patients recctang catecholamine-depieting drugs such as reserpine should be closely observed it 
'NDERAL is administered. The added catechotamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity resulting in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a calcium-channel-biocking drug, 
especially intravenous verapamil, as bath agents may depress myocardial contractility or atrioventricular conduction, On rare: 
occasions, the concomitant intravenous use of a bela blocker and verapamil has resutted in serious adverse reactions, especially. 
in patients with severe cardiomyopathy, congestive heart failure or recent myocardial infarction, 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol, 

Ethanol stows the rate of absorption of propranolol. 

Phenytoin. phenobarbitone. and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels of bath drugs, 

Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol, 

Thyroxine may result in a lower than expected T3 concentration when used concomitantly with propranolol, 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and increasing blood levels, 

Theophylline clearance is reduced when used concomitantly with propranotal, 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: There was no evidence of significant drug-induced toxicity in’ => 
rats of mice, employing doses up to 150 mg/kg/day over an 18-month period. There were no drug-related tumorigenic effects at 
any dosage levels. No impairment of fertility attributable to the drug was seen in animal reproductive studies. : 
PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal studies at doses about 10 times °° 
greater than the maximum recommended human dose, There are no.adequate and well-controlled studies in pregnant wormen, a 
Use during pregnancy only if the potential benefit justifies the potential risk to the fetus. Bs 
NURSING MOTHERS: INDERAL is excreted in human milk. Exercise caution when INDERAL is administered to a nursing: 
woman. se 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely required the withdrawal of therapy. : 
Cardiovascular: Bradycardia, congestive heart failure: intensification of AV block; hypotension: paresthesia of hands; > 
thrombocytopenic purpura; arterial insufficiency, usually of the Raynaud type. : 
Central Nervous System: Light-headedness; mental depression manifested by insomnia, lassitude, weakness, tatigue; reversible: > 
mental depression progressing to catatonia, visual disturbances. hallucinations, vivid dreams; an acute reversible syndrome: 
characterized by disorientation for time and place, short-term memory loss, emotional lability, slightly clouded sansorium, and : 
loos performance on neuropsychometrics. For immediate formulations, fatigue, lethargy, and vivid dreams appear dose 
fel . 

Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, constipation, mesenteric arterial 
thrombosis, ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-immune: \n extremely rare instances, systemic lupus erythematosus has been reported. 

Miscellaneous: Alopecia, LE-tike reactions, psoriasiform rashes, dry eyes, male impotence, and Peyronie's disease have been 
reported rarely. The oculomucocutaneous reactions associated with practolo! have not been reported with propranolol, 
DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride in a sustained-release capsule for 
administration once daily. i patients are switched from INDERAL Tablets to INDERA. LA Capsules, care should be taken to 
assure that the desired therapeutic elfect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute tor. = = 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may be necessary, especially te. i5 
maintain effectiveness at the end of the 24-hour dosing interval. 

For management of hypertension, angina pectoris, migraine, and hypertrophic subaortic stenosis the dosage must be 
individualized. Usual initial dose is 80 mg once daily. 

if treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (see WARNINGS). : 
dias DOSAGE - At this time the data on the use of the drug in this age group are too limited to permit adequate directions 
for use. 

OVERDOSAGE. INDERAL is not significantly dialyzable. # ingestion is, or may have been, recent, evacuate gastric contents, 
taking care to prevent pulmonary aspiration. 

BRADYCARDIA: Administer atropine {0.25 to 1.0 mg}: if no response to vagai blockade, administer isoproterenol cautiously. 
CARDIAC FAILURE: digitalization and diuretics. HYPOTENSION: vasopressors, e9, levarferenol or epinephrine (there is evidence 
that epinephrine is the drug af choice). BRONCHOSPASM: administer isoproterenol and aminophylline. 

The appearance of these capsules is a registered trademark of Ayerst Laboratories. 

WYETH-AYERST LABORATORIES ; 
Philadelphia, PA 19101 B3737 























with a daily dose 
of prevention. 


Migraine. It's agonizing, debilitating, unpredictable. And abortive 
therapies often provide inadequate relief or cause troublesome 
side effects for your patients. 


Proven gd prophylaxis at recommended doses. 


Only INDERAL®LA provides once-daily preventive therapy— 

to significantly reduce both frequency and severity of common 
migraine. Start with 80 mg/day and titrate to an effective dose 
— usually 160 to 240 mg once daily. 


Well-tolerated, long-term efficacy. 


For patients whose day-to-day lives are undermined by anticipa- 
tion of migraine, INDERAL LA can offer an improved sense of 
control. Because the only thing worse than the pain of migraine 
is the threat of it. 


(PROPRANOLOL HCl) sone 
Another day without migraine. 





Please see next page for brief summary of prescribing information. 


INDERAL LA should not be used in the presence of congestive heart failure. sinus bradycardia, 
cardiogenic shock. heart block areater than first dearee, and bronchial asthma. 





“Violent Passages’ is a time-lapse 
portrayal by Louise Woodard depicting 
her own migraine headache sequence as 
she sees it. Her work focuses on the pain 
surrounding her eye and the confusion 
she feels as a result of the migraine. 
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Grand Rounds 
on Medical 


Malpractice 


© A primary resource book in medical 
liability and risk management 


© Suitable for individual or group study 
e AMA PRA Category 1 CME credit 


Each chapter includes a medical case scenario, discussion questions, a 
thorough exposition of the chapter topic, selected articles reprinted from 


the medical literature, and an annotated bibliography. 


Grand Rounds was written by Francis X. Campion, MD, with the Risk 
Management Foundation of the Harvard Medical Institutions. The 
Harvard Medical School has incorporated Grand Rounds into its 1990-91 


curriculum. 


Order Grand Rounds on Medical Malpractice today. Call toll-free 


1-800-621-8335 


Grand Rounds on Medical Malpractice, (OP 630690) soft cover, 360 pages. 
AMA member price: $40.00; non-member price: $55.00. 


The CME Test Packet for Grand Rounds on Medical Malpractice (OP 630890) 
offers seven tests; two Category 1 CME credits per test. Purchased with book: $5.00; 
purchased alone: $10.00. Test administration: $30. 
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From refill to refill... 
which carbamazepine 
will your patient 

get next? Prevent substitution 


when you 
prescribe Tegretol 


that prevents substitution, or 
add the phrase required in your 
state to prevent substitution: 


O Dispense As Written 

C] No Substitution 

[] Do Not Substitute 

C] Brand Necessary 

L] No Drug Product Selection 
C] May Not Substitute 
CIBA—GEIGY [C] Medically Necessary 














Sign each prescription on the line 


For your Medicaid patients... 


To prevent substitution of 
TEGRETOL for your Medicaid 
patients. be sure to add the 
phrase “Brand Medically 
Necessary on each prescription. 


Tegretol 


N k ICAL 





..-because there’s no 
substitute for experience. 





Tegretol carbamazepine USP 


Chewable Tebists of 100 mg-—red-speckied. pink Tablets af 200 mg—pink 





WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOS!S HAVE BEEN REPORTED iN ASSOCI- 
ATION WITH THE USE OF TEGRETOL CATA FROM A PQPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS 15 5-6 TIMES GREATER THAN iN THE GENERAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION 1S LOW APPROXIMATELY Six PATENTS PER ONE MILLION POPULATION 

PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
GR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA GR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND AP- 
LASTIC ANEMIA THE VAST MAJORITY GF MINOR HEMATOLOGIC CHANGES 
OBSERVED iN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO 
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A 
BASELINE if A PATIENT iN THE COURSE OF TREATMENT EXHIBITS LOW OR 
GECREASED WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD 
BE MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED HF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 

















Before prescribing Tegretol, the physician should be thoroughly familiar with the 
dataiis of this prescribing information. particularly regarding use with ather drugs, 
espacially those which sccentuats toxicity potential. 

DESCRIPTION 

Tegretoi carbamazepine USP 1s an anticoswuisant and specific anaigesic tor trgemina 
neuraigia available as chewable tablets of 100 mg and fabiets of 200 mg tor orai 
adminsiranan Its chemical name i5 SH-cbenz [b flazepine-S-carboxamide and ts 
structura! tormula !$ 








Carbamazepine USP s a white to off-wnite powder practically insoiubie :n waler and 
soubie in aiconoi and in acetone ita moiecular weights 236 27 
inactive ingredients Coliaidal sicon dioxide FD&C Red No 3 icnewabie tablets oniy} 
FD&C Aed No 40 (200-mg tabiets oniy) favoring icnewabie tablets oniy} gelatin 
giycern magnesium stearate sodium starch giycoiate (cnewabie taniets only) starch 
stearic acid. and sucrose (chewadie tadiets gniy) 
CLINICAL PHARMACOLOGY 
in controlled cinica! tnais Tegretoi has Deen shown to be effective in the treatment of 
psychomotor and grand mai Sezures, aS wel! as trigemina’ neuraigia 

ìt nas demonstrated anticonvuisant properties i rats and mice with electrically and 
chemically nduced seizures it appears to act by reducing polysynaptic responses and 
dincking The posttetanc potentiation Tegreta’ greatly reduces or adoisnes oan induced 
by stimulation of the intraorbital nerve n Cats and rats It depresses thatamic potentia: and 
bulbar and polysynaptic reflexes. including the knguomandibuiar retiex in cats Tegretol s 
chemicaily unrelated to other anticonvuisarts or gter drugs used to contra! the pain of 
thgeminal neuraiga The mechanism of acboe remains unknown 

Tegreto: 1abiets are adequately absorbed ater ara! administration at a slower rate than a 
soiuhon thus avoiding undesirably Nigh peak concentrations Tegreto! chewabie tadiets 
may produce higher peak teveis than tne same dose given as reguiar tablets Tegretol in 
mood 5 76% Bound to plasma proteins Piasma ‘eveis of Tegreta: are variadie and may 
range trom 0 $-25 wg/mi, with no apparent seiatonstip to the dany intake of the drug 
Usual adult therapeutic ieveis are between 4 and 12 g/m! Following ara’ administration 
serum ievels peak at 4 to S hours The CSF/serum ratio s O22 smiar to me 22% 
unbound Tegretol in serum Because Tegreto: may induce its own metabousm the hait-ite 
iş also variable initial haitte vaiues range trom 25-65 nours with 12-17 Nours on 
repeated doses Tegreto! is metabolized in tne ever Atter orai administration af 14C-carba- 
mazepine 72% of the administered radioactivity was found io tne unne and 28% in the 
feces This urinary radioactivity was composed largely of hydroxylated and conugated 
metadoites with only 3% of unchanged Tegreto! Transpiacenta’ passage of Tegreta! ss 
rapid (36 to 60 minutes) and Mme drug (s accumulated in feta: tissues with higner ‘evels 
found in liver ang kidney than in brain and tungs 
INDICATIONS AND USAGE 
Epilepsy: Tegreto’ is indicated for use as an anticonvuisant drug Evidence supporting 
eftccacy of Tegretol as an anticonvuisant was derived tram achive drug-controled studies 
that enrotied patients with the following secure types 
1 Parna: sezures with compiex symptomatology (psychomotor tempora! iode) Patients 
with these seizures appear to show greater provement (nan mose wth other types 
2 Generalized tonic-clomc seizures (grand mat} 
3 Mixed seizure patterns which inciuge tne above or other parta! or generalized 
senus 

Absence seizures {pebt mai) do not appear to be controtied by Tegreto! isee PRECAU- 
TIONS Generali 
Trigeminal Neuralgia: Tegreto! s indicated on the treatment of me oan associated with 
true tagemina: neuralgia 

Benetic:ai results have aiso been reported in giossopharyngea! neuralgia 

This drug's fot a Simple anaigesic and shauid not be used tor the renet of trey: 
pains 
CONTRAINDICATIONS 
Tegrete ae nat be used 9 patesis wih a story of previous Dome marrow depression 
hypersensitivity to the drug OF known Seasitwity to any ot the compounds such 
as amtripty: ne. desipramine. imipramine. protrplyine nortriptyene etc Likewise. on 
thearetica: grounds ts use with monoamne oxidase intditors :s not recommended 
Betore administration of Tegreta: MAQ ardtors should be discontinued tor a minimum 
of fourteen days of ionget d the chmeai Situation permits 
WARNINGS 
Patients with a history of adverse hematologie reachon to any drug May de particularly at 
nse 

Severe dermatologic reachans nciuding tox epidermai necrolysis (Lye: s syndrome} 
nave been reported with Tegretol These reactions have 






































sai aches or 












Tegreto! has shown mid anbcnolinerge activity. therefore. patents wth -ncreased 
smraocular pressure shouid be closely observed dunng therapy 

Because of the reiatonstip of the drug to ather tncyelc compounds tne passibdity of 
tivanion of a latent psychos:s and <n eiderty patients of confusion oF agitaben showd de 









General: Setore nating therapy a detaded h: 
made 

Yegreto! should be used wilt caution in patients wih a mixed seizure disorder that 
Aciudes atypical absence seizures since sn (hese patients Tegreto! nas been associated 
wilt increased frequency of generaized convulsions isee INDICATIONS AND USAGE! 

Therapy should be prescribed omy aher critical Denetit-to-nise appraisal in palents with 
a hugniry of cardiac. hepatic ot rena’ damage adverse nema reaction to other 
drugs. or nterrupted courses of therapy with Tegreto! 
information for Patients: Patents shouid be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as tever sore throat uicers in the 
mouth easy bruising petechai of purpunc hemorrhage and shouid be advised 1o report 
to the physician mmed:atery if any such signs or symptoms appear 

Since dizziness and drowsiness may occur. patients shouid de cautioned about the 
nazards of operating machinery or automotiies or engaging n other pot v dangerous 





ry aNd physica: examunavon should be 

















tasks 
Laboratory Tests: Compiete oretreatmen: diood counts inciudng platelets and possibly 
uiocytes and Serum iron, should be obtained as a baseine Ifa patent in the course of 
treatment extists low or decreased white biond ceil or piateiet counts the patent shouid 
be momtared closely. Discontinuation of tne drug stouid be considered :! any evidence of 
sigmhcant bane marrow depression develops 

Baseine and periodie evaluations of iver tuncuan parkcuiarly :n patents with a history 
of beer disease must De performed during treatment we drug sence iver damage 
may occur The drug should be descontmued mmediateiy «© cases of aggravated fiver 
dystunction or active hver disease 

Baseine and peradc eye exam: aS including Sit- 
try are recommended since marty phenothiazines and rei 
cause eye changes 

Basene and perobe compiete unnalys:s and BUN determinatens are recommended 
jor patents teated with tms agent because of observed reng dystunczon 

Monitoring of biood ieveis isee CLINICAL PHARMACOLOGY? nas -ticreased the efficacy 
and Safety of anticonvul! sants Ths mon! toning may be par usetyi :n cases ot 


















mp. tanduscopy and tonome- 
Ned drugs Nave Dees shown 1o 














measurement of drug serum levels may ad n determin: 
than one medical:Gn :5 beng used 

Tryrod function tests nave been reported 10 show decreased values wih Tegreto? 
admenistered aione 
nas Deen reported (1 assoc:atoy 
ether drugs 
Drug interactions. The simultaneous admemestrahon of prenobarbaal phem a! 
prmgone of a com produces a marked ‘owenng of serum ‘eves cf 
Tegreto: The effect of valproic acid on Tegreta: biocd ieveis :5 n0! Clearly estadssned 
aithough an :acrease i the ratio of active 10 tt -epoxsde metabolite te parent compound :s 


the cause of toxicity whes more 











Tegreto: use ether aione oron 














serum levels may De reduced when tnese rags sre adn: stered with Teg “eto the. doses 
of these drugs may therefore have to be -ncreased wnen Tegreta: 3 added to tne 
therapeute regimes 
admensira on of Tegreto: with enyincomycs omendine propexypnene 
nas been reported 10 result :n eievatad plasma ‘eveis 
ot catbamaze ne resi a toxicity some cases Aiso concomitant admensiratios of 
carbamazepine and ittium may increase the sk of neurotmut side effec:s 

Attarations of thyrod function nave Seen reported on comb:nation Inerapy win other 
anticonvulsant meg: 

Breaxtnrougn Deed: g has been reported among patients receiving concameant orai 
contraceptives and the: reiability may De adverseiy attacted 
Carcinogenesis. Mutagenesis, Impairment ol Fertility: Carbamazepine. when agminis- 
tered to Sprague-Sawiey rats tor two years ot the diet at doses at 25 75 ang 250 
mafag/day resuited n a dose-related increase «a the acidence of nepatocelluiar tumors n 
temaies and of terstitial cell adenomas : the testes ot maies 

Carbamazepine must tnerefore be considered to Se carcmogen:c :1 Sprague-Dawiey 
rats Bacterai and mammalian mutagenicity studies using carbamazepine produced 
negatve tesuits The significance of these findings relative to the use of carbamazepine in 
humans is at present. UNKNOW 
Pregnancy Category C: Tegreto! nas been snows to Nave adverse eects in reproduction 
Studies in rats when given Orally in dosages 10-25 S Ihe Maximum human daty dosage 
of t200 mg in rat teratoiogy studies 2 of 135 oftsonng snowed kinked nds 3! 250 mg/kg 
and 4 of 119 otfsgnag at 650 mg/kg snowed etrer anomalies icieft paiate t taiipes + 
anopninaimos 2) [9 reproduction studies n rats nursing offspring demonstrated a tack 
of weight gan ang ari unkempt appearance at 3 materna: dosage ieve! of 200 mg/kg 

There are no adequate and wel!-contravied studies ^ pregnant women Epdemoiogeca: 
data suggest that there may be an association between the use ot carbamazepine dunng 
pregnancy and congenital malformations -ncivding sona bida Tegreto? shouid de used 
during pregnancy omy +f ine potenta benebt asifies the potential rsx to the fetus 

Retrospective case reviews suggest 1a! compared with monotherapy. there may be 3 
higher prevaience of teratogenic effects associated with the use of attconyulsants is 
comb:nat.on tnerapy Therefore monotherapy :s recommended tor pregnant women 

itis portant 10 note that antic wuisant drugs S4OU'G Not be discontinued «9 patents 
in whom the drug $ administered to prevent major seizures because of the strong 
possdety ot precipiating Status emiepticus veth attendant hypoxia and threat to ate 1n 
sndwidua! cases where ihe severity and frequency of tne serzure disorder are such that 
removal of medication does not pose a serous threat to the patient discontinyation of the 



























































Only TEGRETOL 

brard of carbamazepine 
provides the prescribing 
flexibility of a 100-mg scored 
chewable tablet. as well as 

a 200-mg scored tablet 


drug may be considered rior to and during pregnancy although it cannot be sarc with any 
confidence thas even minor seizures do not pose some Nazard to the develuping emoryo or 
fetus 
Labor and Delivery: The eftect of Tegreto’ on Numan iador and delivery iS UnKnown 
Nursing Mothers: During ‘actanon concentration of Tegreto: in mix s approximately 60° 
of the maternal piasma concentration 

Because of the potenta for serous adverse reactions 1 nursing stants trom car- 
damazepine adecision should be made whether 10 discontinue nursing oF to @scontave 
‘the drug takong into account the impartance of the drug 10 the mother 
Pediatric Use: Satety and effectiveness :n chidren helow tne age of 6 years nave n0t been 
esiabisned 
ADVERSE REACTIONS 
Ht adverse reactions are of Such severity that Me drug must Be discontisued {he physician 
must de aware that abrupt discotnuatian af any anticonvulsant drug a responsive 
epiepte garent may iead 10 seizures at even status epilepticus win its ite-tnreatening 
nazards 

The mos: severe adverse reactions have Dees chserved n the hemo Imene system (see 
boxed WARNING) the skit and tha cardvovascuiar system 

The mos! trequentiy observed adverse reactions partculariy during ihe itai phases ot 
therapy are duress drowsiness unsieadiness nausea. and vormting To mimmage the 
poss Deity of such reachons therapy snouid $e st: at the iow dosage recommended 

The fotiowing addstionai adverse reactions nave Dees reported 
Hemaporenc System Aplastic anemia agranwiocylosis pancytopenia dane marrow 
depression thrombocytopenia ‘euxopen:a eukocytasis eosimaphitie acute ntermment 
perpnyna 
Skit Prune and erythematous rashes urticaria toxic epiderma! necrolysis (Lyels 
syndrome! isee WARNINGS) Stevens-jonnson syndrome {see WARNINGS) pnotosen- 
gevity feachens. afteratians in sinn pigment ive dermatts erythema mait- 
torme and nodosum. purpura aggravation nated iupus erythematosus 
aiopecia and @apnares:s in eertain scontinyaban of therapy may de necessary 
Cardovascula! System Congestve near ure edema aggravation of sypertession 
Aypotens:o7 syncope and coliapse aggravat-on ot coronary artery d sease afrhytnm 
and AV block prmary thrombaphiebit's recurrence of nrombopniebes and adenopatt 
or ymphadenopatny 

Some of mese cardiovascuiar com! 
intarcion nas been associated wth other 
Lier Abnormalities in iver turction t 
nepat:ts 
Respiratory System Puimonary hypersens:: 
monts oF pneumoma 
Genitourinary System Unnary tequescy acute uenary retention na wth elevated 
dood pressure azotemia renaitaiure and impotence Albummura givcosute elevated 
BUN and micrescopic deposits i the urne nave aiso Deen reported 
tar atropny occurred in “ats receiv:44 Tegretoi oratiy trom 4 to 52 weeks a! dosage 
ia of 50 to 400 mg/kg/day A Ss Teceving Tegreta: so me die! for two years 
at dosage ‘eve's of 25 75 and 250 mo/kgicay nag 2 Gose-reiated esdence of testicular 
atrophy and aspermatogenes:s in dogs t produced a brownish discoloration presum- 
ady a metadoite -n the upnery Siadder at dosage ‘evels of SO mg/kg and nigner 
Relevance of nese find:ngs to humans :S utknown 
Nervous System Dizziness drowsiness ¢-siurbances af coordinatiun contusion neag- 
ache fargue blurred vision visual Raliscraations transient diplopa ocuiometor distur 
Dances nystagmus. speech disturbances. abnormal involuntary mevements penpnera: 
neuritis ang paresthesias. depression with agtabhon tatkatvetess itus and 
nyperacusns 

There nave Deen reports of associated Daratys:s and other symptoms of cerebral artera 
insufhrency Dut the exact relationsteg ct mese reachons to the drug nas not bees 
estabisned 
Omestve System Nausea. vomiting garec distress and addon: 
coastpatas anore atid dryness of the mouth and pharynx 
‘Stomanhs 
Eyes Scattered punctate corteal iens epac: as well as comunchwts Rave been 
reported Duga a aec! causa: relationship nas not bees estabisned many prhe- 
notnaznes and reiated drugs nave deen shows TO cause eye changes 
Musculoskeieta! System Aching joints ang muscies and leg crames: 
Metabousm Fever and chiis inapproprigte antworten hormone ADH? secretion syn- 
drome nas deen reported Cases of frat waler OXCALON wilt dec easet serum sodam 
inyponatremeal and contusion. nave been reported sn association wan Tegrete: use isee 
PRECAUTIONS Laboratory Tests} 
Other isniated cases of a lupus erythematosus-iike syndrome nave been reported There 
nave bees occasional reports of elevated veis of choiestero! HDi cnoiesterst and 
tnglycerdes m patents laking anticonvuisants 
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nas bees reported :n a pavent taking carbamazepine in combmation with other medica- 
kons The patient was successfully dechalienged. and the memngtis reappeared upon 
rechallenge with carbamazepine 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potenta nas Seen associated ath Tegretol nors there evidence of 
psychological of phys:cai dependence in humans 
OVERDOSAGE 
Acute Toxicity 
Lowest known iera: dose aduits, >60 g (39-yearoid man} 
survived adus 30 9 Or year: cid woman) cmigen 10 g i6-year-oid boyi smaii 
cnidren Sgi atl 
Ora LD san anemais H mce. 1100-3750 rats, 3850-4025, rabits 1500-2680 
guinea pigs. 926 
Signs end Symptoms 
The frst signs and Symptoms appear ater 1-3 hours Neuromuscuiat disturbances are me 
mosi prominent Card:cvasculas disorders are generally moder and severe card:at com- 
pocations occur oniy when very high doses {>60 g} have been ngested 
Respiration ireguiat breathing respiratory depression 
Cardiovascular System Tacnycatdia, hypotension or nypertension shock. conduction 
disorders 
Nervous System ang Muscles Impaitment of consciausness ranging in severity 10 deep 
coma Ceavuisions especiaty sn smaiictnidren Motor restiessness muscular twaemeg 
tremor. atheloid movements opisthotonos, atawa drowsiness dizziness mydriasis 
nystagmus athadocnokines-a baliism psychomotor disturbances dysmetra inti 
nyperrefiex:a totowed fy nyaoretiena 
Gastromtestinat Tract: Nausea. vomiting 
Kidneys and Bladder Asuna of olgura, urinary retention 
Laboratory Fingings isolated instances of overdosage Nave sAciuded ‘eukocytos:s Te- 
duced leukocyte count giycesuna and acetonuna EEG may snow dysrhyinmias 
Combined Poisoning Wren aiconol Inicyche antidepressants barbiturates or hydantoins 
are taken at the same nme the signs and symptoms of acute po:soning with Tegreto: may 
de aggravated ot modihed 
Treatment 
The prognes:s in cases of severe poisoning :S critically dependent upon prompt enmmation 
ofthe drug when may be actveved by gucag vomiting regating the stomach ang Dy 
1aking apGropriate steps 10 damunisn absorphon if tnese measures cannot be :mpiemented 
without risk On the spot the patient should de transferred at once to a hospita: 
ensuring thai wtai functions are safeguarded There :s no sperite antidote 
Enmination of the Drug Saduction of vomiting 
Gastre lavage Even when more than 4 hours nave elapsed ft 
drug. Ihe stomach shouid be repeatedly irrigated especial 
consumed aicono! 
Measures to Reduce Absorphon Actwated charcoal, ‘axatves 
Measures to Accelerate Elimination Forced diuresis 
Dialysis «§ indicated oniy 5 severe poisoning associated 
Manstusion 5 ind:cated in Severe porsoning if sma? chidren 
Respiratory Depress:an Keep the airways tree. resor! if necessary. to endotrachea! 
intubation artical respiration and adm: tion of oxygen 
Hypotension Shock Keep the patents iegs raised and administer a plasma expander tt 
diood pressure fi nse despite Measures taken to crease plasma volume use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
warning Diazepam or barbiurates May aggravate respiratory depression {esperially »9 
chidren), hypotension and coma However barb:iurates shouid not be used it drugs tna! 
nib! monoamine owdase have aiso been taken dy the patient ether in overdosage orn 
recent therapy (withs one week) 
Sutveniance Respiration cardiac tunctron (ECG manenng). biond pressure. body tem- 
perature pupsiary reflexes and wdney and bladder function snould be monitored tor 
severa! days 
Treatment of Blood Count Abnormalities I evidence of sagtihcant bone marrow deptes- 
Sian develops ine following recommendations are suggested (1) stop the arug {2i 
pertorm dany CBC piateiet ang reticulocyte counts i3} de a bone marrow aspiration ang 
trep! Dopsy Mmmed:ately and repeat wth sufhccent frequency to montor recovery 
Specia: periodic studies magnt be heiptu! as toliows (1) white celi and piatelet ant- 
domes 12) 59Fe—-terrornenc studies. (3) perpherai diood celi typing, {4} cytogenene 
studies o7 marrow ang pengnherai bood, (5) bone marrow culture studies far colony: 
forming umts i6i nemogiod:n eiectrophores:s tor Ag and F nemogiob:n and i7) serum 
louc acid and By levels 
AS deveidoed aplaste anemia will regure appropriate intensive monitoring and 
therapy tor whch specialized consuilation snouid be sougnt 
DOSAGE AND ADMINISTRATION 
Monitoring of diood ‘evels has increased the etticacy and Satety of aniiconvuisants (see 
PRECAUTIONS Laboratory Tests) Dosage should be adjusted to the needs of the individ 
yai patent A ‘ow citai gaily dosage with a gradua: increase is advised AS soon as 
adequate contro! «s achieved The dosage may be reduced very gradually to the minimum 
eftectve ieve! Tablets snould de taken with meais 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—tnitial: 200 mg b: € Increase at weekly 
tervals by adding up to 200 mg per day using ats d cr gid regimen unti the dest 
response is obtained Dosage snauid generaly nat exceed 1000 mg daily in enigeen 12 to 
15 years of age and 1200 mg dary in patents above 15 years of age Doses up ta 1600 mg. 
daily nave Deen usec n adults in rare instances Mainlensace: Adius! dosage to the 
minimum eftective ever usuaity 800-1200 mg daty 
Children 6-12 years of age—tnitial: 100 mgd : d increase a! weekiy intervais Dy adging 
100 mg per day using at 3 orgs d regimen unti the best response is obtained Dosage 
shouid generally sot exceed 1000 mg Maintenance. Adis! dosage to the minimum 
eMectve ieve! usuaty 400-800 mg day 
Combination Therapy: Tegretoi may be used aione or with other anticonvulsants When 
added to eustng anticanwuisant therapy the drug shouid be added gradualiy while the 
other anticonvu'sants are maintained or gradually decreased except pnenyt WIEN 
may have 16 be increased (see PRECAUTIONS Drug interactions and Pregnancy Category 
0 
Trigeminal Neuralgia (see INDICATIONS AND USAGE: 
Initial; 100 mgh d on me trst day tor ai Carty dose of 200 mg This daily dose may 
pe increased by up to 20C mg a day using increments of 100 mg every 12 hours oniy as 
needed to achieve treedor: trom pain Do not exceed 1200 mg daily 
Maintenance: Contra! ot an can be maintained in most patients with 400 mg to B00 mg 
daly However some patients may be maintained on as ittie as 200 mg daily whe others 
may require as much as 1200 mg daily At least once every 3 months throughout tne 
treatment perga attempts shouid be made 10 redute the dose 10 the meaimum effective 
‘evel or even to discontinue tne drug 
HOW SUPPLIED 
Chewable Tablets 100 mg— round red-specaied pink singie-scored (enprnted Tegreto 
on one side and 52 twice on tne scared sidei 
Borties of 100 
Unit Dose (buster pack? 
Box ot 180 
{strips of t) 





Highes! known doses 
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NDC 0028-0052-01 


NOC 0028-0052-6' 


Tabiets 200 mg-—capswe-shaped. pink. singie-scored imprinted Tegretol on one side 
and 27 twice on the scored side! 
Bottles of 100 
tones ot 1900 


NOC 0028-0027 -07 
NOC 0028-0027-10 





rabiets each NOC 0028-0027-65 
Gant Dose (bister pack) 

Box of 190 

istrips of 105 NDC 0026-0027-61 
Sampies when availabe are dentifed by tne word SAMPLE appearing on each tabiet 
Protect from mo:sture 
Dispense i tent contaner USP} 
Also availabie as Tegrete: suspension 100 mg/S mi 9 450 mi boies 


Proved in U SA C90-34 (Rev 6/90) 
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CALENDAR OF MEETINGS 


international Conference on Stroke, Geneva, Switzerland. Contact N. M. Bornstein, MD, Interna- 
tional Conference on Stroke, c/o Kuoni Travel Ltd, 7 Rue de Berne, CH- 1211 Geneva, Switzerland. 
The 15th International Symposium on Cerebral Blood Fiow and Metabolism, James L. Knight inter- 
nationai Center, Miami, Fla. Contact Ms Jenny Bernal, Conference Coordinator, Brain '91, Univer- 
sity of Miami Conference Center, 400 SE Second Ave, Fourth Floor, Miami, FL 33131. 

Ninth International Congress of Electromyography, Jerusalem, Israel. Contact Dr Arieh N. Gilai, 
Convener, EMG-CN-IX Congress, PO Box 29334, Tel Aviv 61292, Israel. 

“Modern. Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics,’’ Schuss 
Mountain Resort, Mancelona, Mich. Contact Susan Mitchell, EdD, 2929 Race St, Forth Worth, TX 
76111; (817) 831-2604. 

“Neuro-Ophthalmology 1991,” Cleveland, Ohio. Contact John Rus, Office of Continuing Medica! 
Education, 2109 Adelbert Rd, W-175, Cleveland, OH 44106; (216) 368-2409. 

Twelfth Annual Child Neurology Postgraduate Course, Sonesta Beach Hotel, Key Biscayne, Fla. 
Contact Oscar Papazian, MD, Department of Neurology, Miami Children’s Hospital, 3200 SW 60th 
Ct, Miami, FL 33155; (305) 662-8330. 

Seventh International Conference on the Acquired Immunodeficiency Syndrome, Florence, Italy. 
Contact Christina D’Addazio, Laboratory of Virology, Istituto Superiore di Sanita, Viale Regina Elena 
299, 00161 Rome, Italy. 

The 26th Annual Meeting of the Canadian Congress of Neurological Sciences, Halifax (Nova Scotia) 
Sheraton. Contact Permanent Secretariat, Canadian Congress of Neurological Sciences, 810-906 
12th Ave SW, Calgary, Alberta, Canada T2R 1K7; (403) 229-9544. 

“Current Concepts in Child Neurology,” Hyatt Islandia Hotel, San Diego, Calif. Contact Continuing 
Medicali Education, Children's Hospital and Health Center, 8001 Frost St, San Diego, CA 92123; 
(619) 576-1700. 

The 66th Annual Meeting of the American Association of Neuropathologists, Omni Innerharbor Ho- 
tel, Baltimore, Md. Contact Reid R. Heffner, Jr, MD, Department of Pathology, 204 Farber Hall, State 
University of New York at Buffalo School of Medicine, Buffalo, NY 14214; (716) 898-3114. 
Ninth European Congress of Neurosurgery, Moscow, Union of Soviet Socialist Republics. Contact 
Organizing Committee, Ninth European Congress of Neurosurgery, 5 Fadeev St, Moscow 125047, 
Union of Soviet Socialist Republics. 

“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics,"’ The Snow- 
mass Conference Center, Snowmass Village, Colo. Contact Susan Mitchell, EdD, 2929 Race St, 
Forth Worth TX 76111; (817) 831-2604. 

"Clinical Neuro-Oncology Update,” Towsley Center, Ann Arbor, Mich. Contact Julie Jacobs, Tow- 
sley Center for Continuing Medical Education, Department of Postgraduate Medicine, The Univer- 
sity of Michigan Medical School, PO Box 1157, Ann Arbor, Mi 48106-9869; (313) 763-1400. 
Fifth International Headache Congress, Washington, DC. Contact the Fifth International Headache 
Congress, 22 Euclid St, Woodbury, NJ 08096; (609) 845-7220. 

Third Meeting of the international Neurotoxicology Association, Parma, Italy. Contact Dr A. Mutti, 
Organizing Secretary, Laboratory of Industrial Toxicology, University of Parma, Via Gramsci 14, 
1-43100, Parma, Italy. 

23rd Annua! March of Dimes Clinical Genetics Conference, Vancouver, British Columbia. Contact 
March of Dimes, 1275 Mamaroneck Ave, White Plains, NY 10605; (914) 428-7100. 
International Workshop on Huntington’s Disease, Cardiff, Wales. Contact Professor P. S. Harper, 
institute of Medical Genetics, University of Wales College of Medicine, Heath Park, Cardiff, CF4 4XN, 
Wales. 

14th Annual Contemporary Clinical Neurology Symposium, The Conference Center at Palmetto 
Dunes Resort, Hilton Head Island, SC. Contact Marsha Bain, Vanderbilt Division of Continuing 
Medical Education, D-8211 Medical Center North, Nashville, TN 37232-2337; (615) 322-4030. 
“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics,’’ Sheraton Inn 
and Conference Center, Worcester, Mass. Contact Susan Mitchell, EdD, 2929 Race St, Forth 
Worth, TX 76111; (817) 831-2604. 

The Second Dartmouth International Conference on the Corpus Callosum and Epilepsy, Dartmouth- 
Hitchcock Medical Center, Hanover, NH. Contact Alexander G. Reeves, MD, Section of Neurology, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 03756. 

Fourth international Tinnitus Seminar, Bordeaux, France. Contact Jean-Marie Aran, Unité institut 
National de la Santé et de la Recherche Médicale 229, Audiologie Expérimentale Hôpital Pellegrin, 
Place Amélie-Raba-Léon, 33076 Bordeaux Cedex, France. 
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Intervertebral Disk Disease: Causes, Diagnosis, 
Treatment, and Prophylaxis, ed 2, by Jurgen Kram- 
er, 312 pp, New York, NY, Thieme Medical Pub- 
lishers Inc, 1990. 

This book, translated from the orig- 
inal German-language text, is one that 
is quite comprehensive, well written, 
and organized. The early chapters in 
the book are devoted to the basic sci- 
ences relevant to intervertebral disk 
disorders. The chapters on anatomy 

_ and physiology, biomechanics, and pa- 
thology are quite detailed, with very 
extensive scientific references. The 
chapter on the thoracic syndrome is 
very short, but the chapters on cervical 
and lumbar syndromes cover their 
subject matter well, with excellent de- 
scriptions of the clinical presentations 
related to specific pathologie pro- 
cesses. Newer imaging techniques in 
the evaluation of intervertebral disor- 
ders are described. Nonoperative and 

` -operative management and rehabilita- 
` tion methods are well described. The 
concluding chapters deal with the psy- 
chological problems of patients with 
spine syndromes. The book concludes 
~owith a chapter on general rehabilita- 
tion and prevention. Most chapters are 
well illustrated with good diagrams 

»-and photographs. It makes for easy 

reading and is recommended for any 
physician who has to deal with prob- 


lems related to the spine. 
Donan P. K. Cuan, MD 
Rochester, NY 


Diagnostic Tests in Neurology, by P. M, Matthews 
and D. L. Arnold, 372 pp, $39.95, New York, NY, 
Churchill Livingstone Inc, 1991. 

Technological advances continue to 
improve our ability to study the 
healthy and diseased nervous system 
in the laboratory. The authors, along 
with four contributors, have written a 
small, soft-covered text devoted to di- 
agnostic tests in neurology. This book 
is not intended as a textbook of neu- 
rology, and the authors point to the 
primacy of obtaining a history and 
performing an examination in neuro- 
logie diagnosis. 

The book is divided into two sections. 
Section 1 is said to be at the level of a 
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junior resident in neurology. It in- 
cludes chapters dealing with lumbar 
puncture and cerebrospinal fluid, neu- 
roradiology, ultrasound, evoked poten- 
tials, electromyography and electroen- 
cephalography, biopsies, and tests for 
hereditary metabolic diseases. These 
chapters begin with very elementary 
descriptions of each diagnostic test. 
Their coverage is somewhat uneven, 
but one can argue about the depth of 
knowledge of the various tests ex- 
pected of a junior resident in neurol- 
ogy. Illustrations are included mainly 
in the chapters on imaging procedures. 
While appropriate, the figures are not 
as well reproduced as one might wish. 

Section 2, “Diagnostic Approaches 
to Common Neurologic Problems,” is 
organized in 10 chapters. Laboratory 
studies appropriate for the study of 
patients with seizures, coma, demen- 
tia, focal deficits, and other clinical 
categories are presented in more de- 
tail. Section 2 is replete with lists and 
tables, some quite exhaustive. The ta- 
bles present the differential diagnosis 
of various neurologic conditions as 
perceived by the authors and suggest 
laboratory studies to arrive at the de- 
finitive diagnosis. Some lists are more 
detailed than others; many are quite 
current and useful, an example being 
the chapter that deals with the various 
coagulopathies. 

One can argue with some of the 
titles: on page 52 one finds a section on 
“Cardiac Echocardiography.” 

Overall, this is a useful volume for 
the neurologic house officer and for the 
practicing neurologist. 


A. F. HAERER, MD 
Jackson, Miss 


Neurological Complications of Cancer Treatment, 
by David A Rottenberg, 228 pp, $59.95, Stoneham, 
Mass, Butterworth Publishers Inc, 1991. 

This is a fine, multiauthored mono- 
graph answering the need for a readily 
available reference on the neurological 
side effects of radiation and chemo- 
therapy. The clinical presentation and 
pathophysiology of the various periph- 
eral and central nervous system side 
effects of radiation and chemotherapy 
for malignancy are well covered. With 





the exception of an extensive chapter 
on arterial chemotherapy for central 
nervous system malignancy, an exper- 
imental modality limited by unaccept- , 
able side effects, the book appropri- € 
ately covers all practical modalities of 
cancer therapy. There is a modicum of 
inevitable redundancy, which im- 
proves the value of each chapter as a 
single resource on the specific modality 
reviewed. The bibliographies are ex- 
tensive. E 

This book is highly recommended 
for all physicians who are involved 
with the care of cancer patients. 


ALEXANDER REEVES, MD 
Hanover, NH 


The Cerebrospinal Fluid, edited by Robert M. 4 
Herndon and Roger A. Brumback, 306 pp, $110, ° 
Norwell, Mass, Kluwer Academic Publishers, 
1989, 

“A spinal tap! What for? We have 
the MRI, CT, EEG, EMG, SEP, MMPI, 
and I even did a history and physical. 
Just what can we learn from the CSF?” 

A familiar conversation with the 
house staff—just give them this book. 

There has not been a good book on 
spinal fluid for many years. This likely 
reflects our distraction in high-tech- 
nology brain imaging procedures. We 
have neglected one of the best diag- 
nostic methods easily available to us. 

There are 11 chapters, with the ma- 
jor contributions by the two editors. 4 
They cover history, anatomy and phys- 
iology, production and flow, collection, 
injection, infections, proteins, immu- 
nology, cytology, and cytopathology. 
The authors are all experienced clini- 
cians so that theory is introduced as it 
relates to clinical problems. The illus- 
trations are excellent and the color 
plates are superb. The chapters on-cy- ~ 
topathology illustrate the potential di- 
agnostic possibilities offered by exam- 
ination of the spinal fluid. 

House staff should take time off 
from writing requisitions for various 
tests and read this to see what poten- 
tial for diagnosis is the length of a $ 
needle away. " 

“Just get the spinal fluid, dammit!” 


ROBERT J. Joynt, MD, PHD 
Rochester, NY 
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In the largest study to date, NIMOTOP demonstrated a significant 
reduction in incidence of cerebral infarction! 


W Twenty-two percent (61/278) of NIMOTOP-treated patients experienced cerebral infarction vs. 
33% (92/276) of controls 


UE NIMOTOP reduced the incidence of cerebral infarction by 34% 






Thirty-four percent reduction in incidence of cerebral infarction with 
-NIMOTOP-treated patients vs. controls (n=554; p=0.003)'* 
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Dose: 60 mg (two 30 mg liquid-filled capsules) 
every 4 hours for 21 days commencing 
within 96 hours of SAH. 
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Adapted from Pickard, et al.' 


NIMOTOP modulates calcium influx to promote cerebral perfusion, 
and may directly protect neurons?’ 


“[In animals] The beneficial cytoprotective effect of nimodipine, probably related to normalization 
of calcium homeostasis and blood-brain barrier permeability after ischemia, may reflect both 
vascular and cellular sites of action.” 

Lazarewicz JW, et al. Stroke 1989. 


“{In humans] The data thus suggest that nimodipine neither prevents nor reverses cerebral 
vasospasm. Calcium channel blockers such as nimodipine may have an effect on cerebral arterioles 
that are below the limits of resolution of angiography. ...”! 

Pickard JD, et al. Br Med J 1989. 
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NIMOTOP REDUCES THE INCIDENCE OF CEREBRAL __ 


BRIEF SUMMARY _ 
<NE P% (nimodipine/Miles) CAPSULES 
For Oral Use 


INDICATIONS AND USAGE 
Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients 
are in good neurological condition postictus (e.g. Hunt and Hess Grades Lil). Oral 
Nimotop therapy should begin within 96 hours of the subarachnoid hemorrhage and continue 
for 21 days. 


CONTRAINDICATIONS 
None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
rhage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and ie tate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

Laboratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compe taken concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinical trials. 

Carcinogenesis, Mutagenesis, impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 

‘given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant, however, the higher 
rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
‘was not to be carcinogenic in a 91-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 

„pregnancy. This dose in a rat is abaut 4 times the equivalent clinical dose of 60 mg g4h in a 50 kg 

tient. 

P Bregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by 
gavage) doses of | and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an increased incidence 
‘of stunted fetuses was seen at 1.0 mg/kg/day but nor at higher doses. Nimodipine was embryo- 

toxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
30 mg/kg/day nimodipine administered by gavage from day 16 of gestation and continued until 
sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses. 
Nimodipine should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorthage 
(11.2%) who were given ninade The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 
are displayed below by dose. 








DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 
Sign/Symptom (n= 82) {n=71) (n= 494) (n= 172) (n= 4) (n = 479) 
“Decreased 
© Blood Pressure (12) 0 19 (3.8) 144(8.1) 2 (50.0) 6(1.2) 
Abnormal Liver 
Function Test (22) 0 2 (0.4) 1(0.6) 0 7 (1.5) 
Edema Q 0 2 (0.4) 2(L2) 0 3 (0.6) 
< Diarrhea 0 3 (4.2) 0 3(L7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2442) 0 3 (0.6) 
Headache 0 1 (1.4) {1.2} 0 a 1 (0.2) 
Gastrointestinal 
proms 2 (2.4) 0 0 2(12) 0 0 
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TNEARC TION FOLL OWING SUBARACHNOID HEMORRHAGE 


DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
35 mg/kg 30mg 60mg 90mg 120mg 

Sign/Symptom (n= 82) (n=71) (n= 494) (n= 172) (n= 4) (n= 479) 
Nausea 1 (1.2) 1 (14) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 0 
ERG 

Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
Tachycardia 0 1(1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 

ne 0 1(1.4) 0 0 0 0 
Depression 0 i{L4) 0 0 0 Q 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
ath, 30 mg 4h or 120 mg qth. Adverse experiences with an incidence rate of less than 1% in the 
60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lighthea- 
dedness; dizziness; rebound vasospasm; j ice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching; gastrointestinal hemorthage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 4 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel flocken. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and faid retention (0. 3%), typical responses to calcium channel blockers. Ása 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed, 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism kase been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.5%) have been 
reported rarely, 

OVERDOSAGE 

There have been no reports of saber ey oA from the oral administration of Nimotop®. Symp- 
toms of overdosage would be expected to be related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant. hypotension 
due to Nimotop overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 


DOSAGE AND ADMINISTRATION 

Nimotop*® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
a hole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 

. Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
eart rate. 
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Effect of Chemotherapy on 
Glioma Metabolism 


To the Editor.—Rozental et al' re- 
ported the effect of chemotherapy on 
the uptake of fluorodeoxyglucose F18 


-into human gliomas determined by 


positron emission scanning. They con- 
firmed previous reports that glucose 
uptake correlates with the histological 
degree of malignancy and, as had oth- 
ers, attributed the increased uptake to 
an intrinsically high aerobic glycolytic 
rate in tumors. Although it is true that 
most neoplastic cells have a higher 
rate of aerobic glycolysis (metabolism 
when fully oxygenated) than their 
nonneoplastic cells of origin’; it is 
doubtful that the metabolism of ma- 
lignant gliomas is truly aerobic. Sev- 


» eral years ago we noted that the met- 


„abolic enzyme profiles of several ex- 


perimental neoplasms did suggest a 
“high glycolytic capacity? but that 
_ changes in glucose, lactate, and high- 


energy phosphates during ischemia in 
an experimental ependymoblastoma 
implanted in mouse brain indicated 
that the tumors functioned at less than 
adequate oxygen levels.*’ Indeed, the 
high levels of glycolytic enzymes may 
be partly an adaptation to a low oxy- 
gen environment.’ In addition, the 
edema that is variably present may 
increase glucose metabolism in the 
absence of neoplastic cells.’ The larger 


. the neoplasm the greater the evidence 
“of ischemia.’ The high glucose uptake 
: of malignant tumors may be largely 


dependent on their tendency to out- 
grow their supply of oxygen relative to 
that of glucose, inducing an increase in 
glucose uptake by the deregulation of 
glycolysis (Pasteur effect)? Micro- 
chemical measurements showing a 
gradient of metabolism, becoming 
more anaerobic with distance from 
supplying vessels,* support the impor- 
tance of circulatory factors in deter- 
mining the mode of metabolism. 
Thymidine incorporation into cellu- 
lar DNA, a marker of cell prolifera- 
tion, was significantly greater in 
perivascular regions of a C6 neoplasm 


“growing in mouse brain than in more 
< poorly supplied deeper regions." Fol- 





lowing. the administration of lomus- 
tine (CGNU), depressed thymidine in- 
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corporation recovered earlier in areas 
closer to capillaries than peripherally, 
although these regions had been ex- 
posed to higher concentrations of the 
agent. In monolayer culture, better oxy- 
genated isolated C6 glioma cells were 
more vulnerable to nitrosourea dam- 
age than were confluent cells; vulnera- 
bility was inversely related to cell 
density. Rozental et al! found in- 
creased fluorodeoxyglucose uptake 
(measured as tumor/white matter ra- 
tio) into several human gliomas 24 
hours after chemotherapy and sug- 
gested that a direct metabolic effect 
may have occurred. Alternatively, a 
greater vulnerability to chemotherapy 
of cells infiltrating normal brain, close 
to vessels and with higher rates of 
proliferation and lower rates of 
“aerobic” glycolysis because of a better 
oxygen supply, could have contributed 
to the pattern of metabolic change 
found by positron emission tomo- 
graphic scanning following treatment 
of the tumors by leaving a surviving 
cell population less well supplied with 
oxygen. 
HOWARD S. MAKER, MD 
Department of Neurology 
Mt Sinai School of Medicine 
Beth Israel Medical Center 
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New York, NY 10003 


1. Rozental JM, Levine RL, Nickles RJ, Dobkin 
JA. Glucose uptake by gliomas after treatment. 
Arch Neurol, 1989;46:1302-1307. 

2. Mangiardi JR, Yodice P. Metabolism of the 
malignant astrocytoma. Neurosurgery. 1990;26:1- 
H. 

3. Lehrer GM, Maker HS, Silides DJ, Weiss C, 
Scheinberg LC. The quantitative histochemistry 
of a chemically induced ependymoblastoma; I: 
enzymes. J Neurochem. 1966;13:1197-1206. 

4. Maker HS, Lehrer GM, Weiss C, Silides DJ, 
Scheinberg LC. The quantitative histochemistry 
of a chemically induced ependymoblastoma; IE: 
the effect of ischemia on substrates of carbohy- 
drate metabolism. J Neurochem. 1966;13:1207- 
1212. 

5. Maker HS, Lehrer GM, Silides DJ, Weiss C. 
Circulatory factors in the carbohydrate metabo- 
lism of an experimental glial neoplasm. Ann N Y 
Acad Sci. 1969;159:273-275. 

6. Maker HS, Lehrer GM, Weissbarth S, Born- 
stein MB. Changes in LDH isoenzymes of brain 
developing in situ and in vitro. Brain Res. 1972; 
44:189-196. 

7. Sutton LN, Barranco D, Greenberg J, Dante 
S, Florin S, Welsh F. Cerebral blood flow and glu- 
cose metabolism in experimental brain edema. 
J Neurosury. 1989;71:868-874. 

8. Maker HS, Lehrer GM. Environmental fac- 
tors in the structure, metabolism and growth of 


glial tumors. In: Paoletti EG, Kirsch W, Paoletti: 
F, eds. Experimental Bioloyy of Brain Tumors. 
Springfield, 1: Charles C Thomas Publisher; 

1972:519-532. 

9. Vaupel P, Kalinowski F, Okunieff P. Blood 
flow, oxygen and nutrient supply and metabolic 
microenvironment of human tumors: a review. 
Cancer Res, 1989;49:6449-6465. 

10. Maker HS, Syed H, Whetsell W, Lehrer GM. 
Environmental factors modifying the effect of 
CCNU on glioma in vitro and in vivo. Trans Am 
Neurol Assoc. 1976;101:272-275. 

11. Maker HS, Syed HH, Lehrer GM. Environ- 
mental factors in glial tumor response to CCNU. 
J Natl Cancer Inst. 1977;59:1427-1429. 


In Reply.—In his letter to the editor, 
Maker raises an interesting issue re- 
garding our article “Glucose Uptake 
by Gliomas After Treatment.”! Maker 
states that tumor cells in a well-oxy- 
genated environment (closer to blood 


vessels) tend to be more vulnerable to — 


chemotherapy. Thus, tumor cells in a 
relatively hypoxic environment would 
be more likely to survive treatment. 
Furthermore, the rate of glucose up- 
take by tumor cells increases and be- 
comes deregulated with increasing hy- 
poxia (increasing distance from blood 
vessels). Therefore, if hypoxic cell pop- 
ulations predominate following expo- 
sure to chemotherapy, glucose uptake 
would appear to increase relative to 
the baseline state. 

This alternative explanation for the 
increase in glucose uptake observed 
after chemotherapy was only briefly 
considered in our discussion for sev- 
eral reasons. We stated that the phe- 
nomenon “... might have originated 
from the chemoresistant (ie, also hy- 
poxic) subpopulation of cells, it could 
represent a mechanism for synchroni- 
zation, release from growth arrest, and 
tumor overgrowth following ineffec- 
tive chemotherapy.” We felt that al- 
though a proportion of cells had surely 
accumulated a lethal amount of dam- 
age, a 24-hour interval from treatment 
was too short a period of time for the 
damaged cells to die. Even if such acute 
cell death occurred, one would expect a 
decrease from the baseline of average 
tumor metabolism simply because a 
group of metabolically active cells 
within the tumor volume had been 
eliminated. In other words, even 
though only hypoxic, “hypermeta- 
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- bolic” cells were left after the chemical 

debulking, fewer cells remained in the 
“same volume. Otherwise, a collapse or 

¿structural rearrangement of the tu- 
mor must have taken place to account 

for an increase in glucose uptake 
< within a region of interest of the same 
size taken from the same place on 
baseline and follow-up positron emis- 
sion tomographic scans. Neither 
positron emission tomographic scans, 
computed tomographic scans, or mag- 
netic resonance imaging give evidence 
of structural rearrangements within 

` tumors at such an early interval fol- 
lowing treatment. 

It must also be pointed out that cer- 
tain tumor models are capable of re- 
energizing (increasing their levels of 
nucleoside triphosphates and phos- 
phocreatine) after treatment.’ In that 
regard, at 4 days after treatment, a 
subcutaneous gliosarcoma reener- 
gizes, shows a larger proportion of vi- 
able cells, and demonstrates a fivefold 
increase in interstitial space compared 
with the control tumor.’ At this time, 
we can only speculate regarding the 
nature of our observation. It may re- 
flect the first step in reenergization, 
increased energy requirements for re- 
pair, or incipient repopulation from a 
hypoxic cell pool (as Maker suggests). 

We appreciate Maker’s thought-pro- 
voking comments. 

Jack M. RozentaL, MD, PHD 

Ross L. Levine, MD 

University of Wisconsin Medical School 
and William S. Middleton Veterans 
Hospital 


2500 Overlook Terr 
Madison, WI 53705 
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Post-Polio Fatigue Treated 
With Amantadine 


To the Editor.—The post-polio syn- 
drome (PPS) has received increased 
attention in recent years. This is a 
chronic slowly progressive condition 
with cardinal features consisting of 
weakness, atrophy, aches, cramps, and 
fatigue decades after the initial infec- 
tion. Fatigue may be an incapacitating 
feature of this illness. 

Amantadine has been found to be 
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Average Daily Fatigue (Scale: 
1 to 10) 


Patient 





*Began treatment with amantadine. 

tUpper respiratory iliness. 

Began treatment with amantadine after 1 week. 
§Disconfinued medication. 


beneficial in the fatigue of multiple 
sclerosis.'? The basis for this is uneer- 
tain. Amantadine also possesses anti- 
viral and antiparkinsonian effects. 

Over the last year an open study of 
amantadine (100 mg two times a day) 
given for the fatigue of PPS has been 
carried out in nine patients. All pa- 
tients had PPS as diagnosed by a com- 
bination of accepted criteria, including 
history, physical examination, and 
electrodiagnostic testing, where appli- 
cable. The study used a 2-week control 
period with daily self-rating of fatigue 
on a subjective 0 (no fatigue) to 10 (in- 
capacitating fatigue) scale. Treatment 
with amantadine (100 mg two times a 
day) was then begun. Eight of nine pa- 
tients noted a subjective improvement 
in fatigue, and seven desired to stay on 
the medication (Table). 

The degree of benefit is quite vari- 
able. Some patients appear to have lit- 
tle improvement, but still noted 
enough improvement to desire contin- 
ued therapy (ie, patient 2). Others 
noted a dramatic difference (ie, patient 
3). One patient left the study due to 
side effects and is not included in the 
Table. In one patient, the fatigue re- 
turned to prestudy baseline when the 
medication was discontinued after 
several months, and the beneficial ef- 
fect of amantadine was reproduced 
when treatment was reinstituted. 

This small study shows a trend to- 
ward reduction of fatigue in PPS with 
the use of amantadine. This may rep- 
resent a significant advance in symp- 
tomatic treatment of this condition, as 
no other therapeutic modalities cur- 
rently exist. A blinded placebo-con- 
trolled study would be appropriate 


based on these preliminary findings. 
MICHAEL G. Dunn, MD, PHD 
The Genesee Hospital 
224 Alexander St 
Rochester, NY 14607 
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Machado-Joseph Disease or Not? 


To the Editor.—Eto and coworkers! 
describe 12 patients with a hereditary 
ataxia they believe most closely resem- 
bles spinopontine atrophy as described 
by Boller and Segarra’ in a large Rhode 
Island kindred, the family W, of En- 
glish extraction. I have had contact 
with this family. One patient from the 
family actually appears in the litera- 
ture twice, as patient 2in the report on T 
spinopontine atrophy by Pogacar et 
al, and again as a patient with olivo- 
pontocerebellar atrophy in the writ- 
ings of Huang and Plaitakis.‘ The dis- 
tinctions between spinopontine atro- 
phy and olivopontocerebellar atrophy 
seem slight indeed on clinical or patho- 
logic grounds. 

Eto et al’ compare spinopontine at- 
rophy to Machado-Joseph disease and 
note the many similarities. Machado- 
Joseph disease is distinctive primarily 
in its geographic source. Many hun- 
dreds of patients and nonaffected fam- 
ily members of Azorean lineage have 
been examined, and cultured cell lines 
established from those individuals 
who must surely represent a geneti- 
cally homogeneous condition. Discov- 
ery of the gene seems only a matter of 
time (P. McLeod, personal communi- 
cation). “Non-Azorean Machado- 
Joseph disease” is a term of little 
meaning until the genetic locus of 
Machado-Joseph disease, and of its 
non-Azorean wannabees, is worked 
out. 

The family W, whether having oli- 
vopontocerebellar atrophy or spino- 
pontine atrophy, represents a com- 
parable opportunity for genetic analy- ~ 
sis. 

Davin M. Dawson, MD 

Neurology Service 
rockton-West Roxbury 
Veterans Administration 
Medical Center 


1400 VFW Parkway 
West Roxbury, MA 02132 


1. Eto K, Sumi M, Bird TD, et al. Family with 
dominantly inherited ataxia, amyotrophy, and 
peripheral sensory loss: spinopontine atrophy or 
Machado-Joseph Azorean disease in another non- 
Portuguese family? Arch Neurol, 1990;47:968-977. 

2. Boller F, Segarra JM. Spinopontine degen- 
eration. Eur Neurol, 1979;2:356-373. 

3. Pogacar S, Ambler M, Conklin WJ, et al. 
Dominant spinopontine atrophy: report of two 
additional members of family W. Arch Neurol. 
1978;35:136-162. 

4. Huang YP, Plaitakis A. Morphological 
changes of olivepontocerebellar atrophy in com- 
puted tomography and comments on its patho- 
genesis. Adv Neurol. 1984;41:39-87. 


Letters to the Editor. 





HEADACHE 
DESCRIBED 


“Headache”- a personal 
interpretation of headache 
ain by John Crowley, a 
eadache patient. 


HEADACHE 
RELIEVED 


Effectively treats the pain of 
muscle contraction headache 
as well as the anxiety and 
tension that magnify it 









FIORINA Lwm 
CODEINE 
CAPSULES 


{Each capsule contains: codeine phosphate 30 mg Warning: May 
be habit-formingl; butalbital 50 mg [warning. May be habit-forming), 
caffeine 40 mg; and aspirin 325 mg} 











Potent relief of tension headache pain 


Please see brief summary on following page 
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iE : SUMMARY: Piease see package insert for full prescribing information. 


{Codeine phosphate USP. 30 mg [warning. may be habit forming}. butalbital USP. 50 mg [warning: may be habit 
« forming}. caffeine USP. 40 mg: aspirin USP. 325 mg] 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions, 

1. Hypersensitivily or intolerance to aspirin, caffeine, butalbital or codeine. 

2 Patients with a hemorrhagic diathesis (eg. hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenias, thrombasthenia and other ill-defined hereditary platelet dystunctions, severe vitamin K deficiency 
and severe liver damage } 

3. Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspirin or other nonsteroidal 
antiinflammatory drugs. Anaphylactoid reactions have occurred in such patients. 

4, Peptic ulcer or other serious gastrointestinal lesions, 

5. Patients with porphyria. 


WARNINGS: Therapeutic doses of aspirin can cause anaphylachc shock and other severe allergic teactions. i 
should be ascertained if the patient is allergic to aspirin, although a specitic history of allergy may be jacking. 

Significant bleeding can result from aspirin therapy in patients with peptic ulcer or other gastrointestinal lesions, 
and in patients with bleeding disorders. 

Aspinn administered pre-operatively may prolong the bleeding ime 

In the presence of head injury or other intracranial lesions, tne respitatory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as ther capacity for elevating cerebrospinal fluid pressure. 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course of patients with head injunes 

Codeine or other narcotes may obscure signs on which to judge the diagnosis or clinical course of patents 
with acute abdominal conditions. 

Butalbital and codeine are both habit-forming and potentially abusable Consequently, the extended use of Fiorinal® 
with Codeine is not recommended. 

Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to chidren, including teenagers, with chicken pox or flu 


PRECAUTIONS: General: Fiorinal® with Codeine should be prescribed with caution for certain special-risk patients 
such as the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders, 
or head injuries. 

rapim should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 
detects. 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspirin is particularly likely sn patients with nasal polyps, and relatively common in those with asthma. 

Information for Patients: Patients should be informed that Fionnai® with Codeine contains aspirin and should 
not be taken by patients with an aspirin allergy 

Fiorinal® with Codeine may mpar the mental and/or physical abilities required for performance of potentiali 
a. tasks such as driving a car of operating machinery. Such tasks should be avoided while taking Fiorinal 
with ine. 

Aicohot and other CNS depressants may produce an additive CNS depression when taken with Fionnal@ witn 
Codeine, and should be avoided, 

Codeine and butalbital may be habit-lorming. Patients shouid take the drug only for as tong as tt is prescribed, 
in the amounts prescribed, and no more frequently than prescribed 

Laboratory Tests: In patients with severe hepatic or renal disease, effects of therapy should be monitored with 
serial fiver and/or renal function tests 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase {MAO} inhibitors 

In patients receiving concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal Clearance ot salicylates and their withdrawal is followed 
by return to normal rates of renal clearance 

Fiorinal# wth Codeme may enhance the effects of 
1. Oral anticoagulants, causing bieeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 

from plasma protein binding sites. 

2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, if dosage ol Fiorinal® 
with Codeine exceeds maximum recommended daily dosage 

3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from secondary binding sites, and, in the case of methotrexate, aiso reducing its excretion 

4 oo anti-inflammatory agents, sncreasing the risk of peptic ulceration and bleeding by contributing additive 
effects. 

5, Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chiordiazepoxide, sedative-hypnotics, 
or other CNS depressants, causing increased CNS depression. 

Fiorinal® with Codeine may diminish the effects of Uricosunc agents such as probenecid and sultinpyrazone. 
reducing their effectiveness in the treaiment of gout. Aspirin competes with these agents for protein Binding sites. 

Drug/Laboratory Test interactions 
Aspirin: Aspinn may interfere with the following laboratory determinations in blood: serum amylase, fasting biood 
glucose, cholesterol, protein, serum gamie ora aone transaminase [SGOT], uric acid, prothrombin time and bileedi 
time. Aspirin may interfere with the following laboratory determinations in urine: glucose, 5-hydroxyindoleacetic acid, 
Gerhardt ketone, vanillyimandelic acid (VMA), uric acid, diacetic acid, and spectrophotometnic detection of barbiturates. 
Codeine: Codeine may increase serum amylase levels. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Adequate long-term studies have been conducted in mice 
and fats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was seen. 
No adequate studies have been conducted in animals to determine whether aspirin has a potential for mutagenesis 
of impairment of fertility, No adequate studies have been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility 


Usage in Pregnancy 
Teratogenic Effects: Pregnancy Category C — Animal reproduction studies have not been conducted with Fiorinal® 
with ine. tts also not known whether Fiorinal® with Codeine can cause fetal harm when administered to 


a pregnant woman or can alfect reproduction capacity Fioninal® with Codeine should be given fo a pregnant woman 
only when clearly needed 
Nonteratagenic Effects: Although Fiorinal€ with Codeine was not mpieated in the birth defect, a female infant was 
born with lissencephaly, pachygyria and heterotopic gray matter. The infant was born 8 weeks prematurely to a 
woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days of 
pregnancy The child's development was mildly delayed and from one year of age she had partial simple motor 
seizures 

Withdrawal seizures were reported in a two-day-old male intant whose mother had taken a butalbital-containing 
drug during the last 2 months of pregnancy Butalbital was found in the infant's serum. The infant was given phenobarbital 
5mg/kg, which was tapered without further seizure or other wahdrawal symptoms 

Studies of aspirin use in pregnant women have not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy. In controlled studies oing 41,337 pegan women and 
their offspring, there was no evidence that aspirin taken during a foley caused stilbirth, neonatal death or reduced 
birth weight. In controlled studies of 50,282 pregnant women and their offspring, aspirin admimstration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect. 

Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine 

Therapeutic doses of aspirin m pregnant women Close to term may Cause bleeding in mother, fetus. or neonate 
During the last 6 months of pregnancy, requiar use of aspirin in high doses may prolong pregnancy and delivery. 

Labor and Delivery: Ingestion of aspirin prior to delivery may protong delivery or lead to bleeding in the mother 
of neonate. Use of codeine during labor may lead to respiratory depression in the neonate. 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast miik in smali amounts, but 
the significance of their effects on nursing infants ts not known. Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision shouid be made whether to discontinue nursing or to 
discontinue the drug, taking into account Ihe importance of the drug to fhe mother. 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness 

‘Associated with Treatment Discontinuation: Ot the 382 patients teated with Fiorinal® with Codeine in controlled 
Clinical tials, three (0.B%} discontinued treaiment with Fiorinal® wih Codeine because of adverse events. One patient 
gach discontinued treatment for the following reasons: gastrointestinal upset, lightheadedness and heavy eyelids, 
and drowsiness and generalized tinging. 





‘placebo. and provides a comparison to the incidence rates reported by the placebo-treated patients. 
The prescriber should be aware that these figures cannot be used to predict the: incidence of side-effects in 
the course of usual medical practice where patient characteristics and other factors differ trom those that prevailed 


Adverse Events Reported by at Least 1% of Fiorinal® with Codeine Treated Patients 
During Placebo Controlled Clinical Trials 








a nE eT E ____Incidence Rote of Adverse Events 
Body System’ Fiorinal#/Codeine Placebo 
Adverse Event pee oa R NE o nt NT) 
Central Nervous 

Drowsiness 24% 05% 

Dizziness/Lightheadedness 2.5% 0.5% 

intoxicated Feeling 4.9% 0% 
Sastrointest 
hi Nausea/Abdominal Pain 08% 








Other Adverse Events ng that follows represents the proportion 
of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. tf is important to emphasize that, although the adverse events reported 
did occur while the patient was receiving Fiornal® with Codeine. the adverse events were not necessarily caused 
by Fiorinai® with Codeine 

Adverse events are classified by body system and frequency “Frequent” is delined as an adverse event which 
occurred in at least 1/100 (1%) of the patients: all adverse events listed in the previous table are frequent. “Infrequent” 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All adverse 
evants tabulated below are classified as infrequent 

Sentral Nervous. headache, shaky feeling, tingling, agitation, fairting, latigue, heavy eyelids, high energy, hot spells, 
numbness, and sluggishness. 

Autonomic Nervous: dry mouth and hyperhidrosis. 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn. 

Cardiovascular. tachycardia 

Musculoskeletal: teg pain and muscle tatique. 

Genitourinary: diuresis 

Miscellaneous: pruritus, fever, earache, nasal congestion, and tinnitus. 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received 
since market introducton and that were not reported in clinica’ trials by the patients treated with Fiorinal® with 
Codeine, are listed be'ow Many or most of these events may have no causal relationship with the drug and are 
listed according to body system 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- 
sciousness, vertigo. 

Autonomic Nervous: epistaxis, flushing, miosis, salivation. 

Gastrointestinal: anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroeriteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer. 

Cardiovascular: chest pain, hypotensive feaction, palpitations, syncope. 

Skin: erythema, erythema multiforme, extoliative dermatitis, hives, fash, toxic epidermal necrolysis 

Urinary: kidney impairment, urinary difficulty 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
{stomach upset], edema 

The following adverse drug events may be borne in mind as eae effects of the components of Fionnai® 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert. 

Aspirin: occult biood toss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods, impaired urate excretion, hepatitis. 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia. 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus. 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Entorcement Administration 
and is classified under Schedule fil 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for: 
being abused. Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications. 

Butalbital: Barbiturates may be habit forming Tolerance, psychological dependence, and physical dependence “ 
may occur especially following protonged use of high doses of barbiturates. The average daily dose for the barbiturate 
addict 1s usually about 1.500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
levet of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. As this 
occurs, the margin between an intoxication genge and fatal dosage becomes smaller. The iethal dose of a barbiturate 
is far less if alcoho! is also ingested. Major withdrawal symptoms {convulsions and delirium} may occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cauttous and gradual 
wihdrawal of the drug. Barbiturate-dependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient. 


OVERDOSAGE: The toxic effects of acute overdosage of Fiorinal@ with Codeine capsules are attributable mainly 

Io the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occur 

in very in dosages only, the possibility of significant caffeine toxicity from Ficrinal® with Codeine overdosage A 
15 unlike! 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, confusion, and 
coma; respiratory depression, hypotension, shock. Symptoms attributable to acute aspirin poisoning include hyperpnea, 
acid-base disturbances with development of metabolic acidosis, vomiting and abdominal pain: tinnitus, hyperthermia, 
hypoprothrombinemia; restiessness, delirium: convulsions. Acute caffeine poisoning May cause insomnia, restlessness, 
tremor, and delirium; tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur. 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation with a 
regional poison control center is strongly encouraged. 

reatment consists primarily of management of barbiturate irtoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics 
ir the conscious patient. Gasinc lavage may be used if the pharyngeal and laryngeal reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkalinization ot 
te urine, and correction of electrolyte disturbances should be accomplished through administration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water 

Meticulous attention should be gwen to maintaining adequata pulmonary ventilation. Correction of hypot 





lansion 
may require the administration of levarterenol bitartrate or phenylephrine hydrochloride by intravenous infusion, In 
savere cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be lifesaving 
Hypoprothrombinemia should be treated with vitamin K intravenously 

Methemagiobinemia over 30% shouid be treated with methylene blue by slow intravenous administration 

Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose. 
Typically, a dose of 04 mg to 2 mg is ee parenterally and may be repeated if an adequate response is not 
achieved. Since the duration of action of codeine may exceed that of the antagonist, the patient should be kept 
under continued surveillance and repeated doses of the antagonist should be administered as needed to maintain 
adequate respiration, A narcotic antagonist should not be administered in the absence of clinically significant respitatory 4 
of cardiovascular depression. A 

Toxic and Lethal Doses: 

Butalbital: toxic dose 1.0 g {adult}, lethal dose 2.0-5.0 g 

Aspirin: toxic blood level greater than 30 mg/100 mL, lethal dose 10-30 g {adut} 
Caffeine: toxic dose greater than 1.0 g, letha! dose unknown 
Codeine: lethal dose 9.5-1.0 g {adut} 
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An adjunct to levodopa/carbidopa treatment 
in the management of patients 
with Parkinsons disease 
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Levodopa/carbidopa 
Dopamine held in vesicle. @ D, receptor 
4 Presynaptic neuron . ® D; receptor i ; 
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pergolide& mesylate 
An added dimension 

in the treatment of 
Parkinson's disease 












An adjunct to levodopa/carbidopa 

in the management of patients with 

Parkinson’s disease 

@ ‘The first dopamine agonist indicated for 
Parkinson's disease with activity at both 
D; and D: receptors 
















@ 10 to 1,000 times more potent than bromo- 
criptine on a milligram-per-milligram basis 


@ Improves patients’ functioning in activities 
of daily living, relieves signs and symptoms, 
and reduces “off” time 


è May allow a significant reduction in 
levodopa dosage 


@ Most common adverse events were dyskinesia, 
nausea, dizziness, and hallucinations 


@ Hypotension may occur, especially early in 
the course of therapy 


Stepwise titration without regard to meals 


@ = Available in 0.05-mg, 0.25-mg, and I-mg 
scored tablets 
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Permax’ 


pergolide mesylate 


Brief Summary. Consult the package insert for complete prescribing 
information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/carbidopa in the management o! the signs and symptoms ot Parkin- 
son's disease 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
man adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to levodopa’ 
carbidopa as manifested by moderate to severe dyskinesia ando: on-off phe- 
nomena On average, the sampile of patients evaluated had deen on levodopa 
carbidopa for 3.9 years (range. two days to 16 8 years). The administration of 
pergolide mesylate permitted a 5% to 30% reduction in the daily dose of 
levodopa Cn average, these patients treated with pergalice mesylate maim- 
tained an equivalent or better climeal status than they exhibited a! baseline 


Contraindications: Pergolide mesylate is contraindicated m patients who are 
hypersensitive to this drug or other ergot derivatives. 


Warnings: Symptomatic Hypotension —in clinical trials. approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension 
especially during initial treatment With gradual dosage titration. tolerance to 
the hypotension usually develops itis. therefore. important to warn patients ot 
the risk. to begin therapy with tow doses, and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks 

Hallucimosis —in controlled tnais. pergolide mesylate with levodopa caused 
hallucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled. tolerance to this untoward effect was not 
observed 

Fatalities —in the placebo-controlied trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate. Of the 2.299 patients treated with pergolide mesylate in premarketing 
Studies evaluated as of October 1988, 143 died while on tne drug or shortly 
after discontinuing the drug. The patient population under evaluation was 
elderly. si, and at high risk for death It seems unlikely that pergotide mesylate 
played any role in these deaths, but the possibility that pergotide shortens sur- 
vival ot patients cannot be excluded with absolute certainty 

in particular, a case-by-case review of the clinical course of the patients whe 
died failed to disclose any unique set of signs. symptoms, or aboratory results 
that would suggest that treatment with pergolide caused their deaths Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over No 
death (other than a suicide) occurred within the first month of treatment. most 
of the patients who died nad been on pergolide tor years. A relative trequency of 
the causes of death by organ system are’ pulmonary taiture/pneumonia. 35% 
cardiovascular, 30%. cancer. 11%. unknown, 8.4%. infection. 3 5%: extrapyra- 
midal syndrome, 3.5%: stroke. 2 1%: dysphagia, 2 1%. injury 14%. suicide 
1 4%: dehydration, 0.7%: giomeruionephritss, G 7% 


Precautions: Genera! ~Caution should be exercised when administering 
pergohde mesylate to patents prone to cardiac dysrhythmas. 

In a study Comparing pergolide mesylate and piacebo. patients taking 
pergohde mesylate were found to have signiticantly more episodes of atrial 
premature contractions (APCs) and sinus tachycardia 

The use ot pergolide mesylate in patients on levodopa may cause andor 
exacerbate preexisting states of confusion and hallucinations (see Warnings) 
Aiso, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
trons and contusion; these may occur within a span of several days Discontin- 
uation of pergolide should be undertaken gradually whenever possible, even if 
the patient ts to remain on levodopa 

The adminsstration of pergoiide mesytate to patents recewving levodopa may 
cause and/or exacerbate preexisting dyskinesia 

information for Patents ~Patients and ther families should be informed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions} and the risk of hypotension (see Warnings) 

Patients should be advised to notify the physician rf they become pregnant 
or intend to become pregnant during therapy 

Patents should be advised to notify their physician if they are breast feeding 
aninfant 

Laboratory Tests --No specilic laboratory tests are deemed essential for the 
Managemen! ot patients on Permax Periodic routine evaluation of all patients 
however, 15 appropriate 

Drug Interactions Dopamine antagonists. such as the neuroleptics {phe- 
nothiazines. bulyrophenones. thiaxanthines) or metoctopramide. ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist). these agents may diminish the effectiveness of Permax 

Because pergohde mesylate ıs approximately 90% associated with plasma 
proteins. caution should be exercised sf pergolide mesylate is coadmimstered 
with other drugs known to affect protem binding 

Carcinogenesis, Mutagenesis, and trnpanment ot Fertility ~A two-year 
carcmogencity study was conducted in mice using dietary levetis of pergaide 
mesylate equivalent to oral doses of 0 6.3.7. and 36.4 mg/kg/day in males and 
06.4 4, and 40 8 mg/kg/day in females A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0 04. 0.18. and 0.88 
mg/kg/day in males and 0.05. 0 28. and t 42 mg/kg/day in females The 
fighest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlied clincai tnais (6 mg 
day equivalent to 0 12 mgikg'day) 

A tow incidence of uterine neoplasms occurred in both rats and mice 
Endometnai adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice The occurrence of these neoplasms ts prob- 
ably attributable to the high estrogen’progesterone ratio which would occur in 
rodents as a result af the prolactin-snhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergohde-treated rodents and human risk. there are 
no human data to substantiate this conclusion 

Pergolide mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bactenai mutation assay, a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in bone marrow celis of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
ceéll-powt-mutation assay using L5178Y cells only after metaboäc activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay The relevance of these findings to 
humans 1s unknown 

Afertilsty study in male and temale mice showed that fertiity was maintained 
at 0.6 and 3 7 mg/kg/day but decreased at 5.6 mg/kg/day. Protactin has been 
reported to be involved- stimulating and maintaining progesterone levels 
required tor implantation in mice and. therefore. the impaired fertility at high 
dose may occur Because of depréssed prolactin levels. 

Usage in Pregnancy Pregnancy Category B ~Reproduction studies were 
conducted m mice at doses of 5. 16, and 45 mg/kg/day and in rabbits at doses 
of 2. 6, and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered m con- 
trolled clinicaitals. inthese studies, there was no evidence af harmio the fetus 
due to pergolide mesylate 
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There are, however, no adequate and well-controlied studies im pregnant 
women Among women who received pergolide mesylate for endocrine diser- 
ders in premarketing Studies, there wee 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congemtal abnormalities itwo 
major, two minor}, a causal relationship has not been established Because 
human data are limited and because anima! reproduction studies are not 
always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed 

Nursing Mothers —It is not known whether this drug is excreted in human 
mik. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing fants, a decision should be made whether to discontinue nursing arto 
discontinue the drug. taking into account the importance of the drug to the 
mother 

Pediatric Use —Satety and effectiveness in children have not been estab- 
ished 


Adverse Reactions: Commonly Observed —in premarketing climcai triais, the 
most commonly observed adverse events associated with use of pergolide 
mesylate whch were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
cinations, somnolence, insomnia. digestive complaints. including nausea. 
constipation. diarrhea. dyspepsia. anc respiratory system complaints, includ- 
ing rhinitis. 

Associated With Disconunuation of Treatment —Twenty-seven percent 
(27%) of approumately 1.200 patients receiving pergolide mesylate for treat- 
ment af Parkinson's disease in premarketing clinical triats in the US and Canada 
discontinued treatment due to adverse events. The events most commonly 
causing discontinuation were related ta the nervous system: 15.5%). primarily 
hallucinations (7.8%) and contusion (© 8%) 

Fatalities -See Warnings 

Incidence in Controlled Cimcal Trials —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated in the premarketing cantroiled clin- 
ical triats Comparing pergolide mesylate with placebo. in a double-blind, con- 
trolled study of six months’ duration, gatients with Parkinson's disease were 
continued on jevodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy 

The prescriber should be aware tha! these figures cannot be used to predict 
the incidence of side effects in the course of usual medica! practice where 
patient characteristics and other factors differ fram those which prevaiied 
ia the clinical trials. Similarly. the cited frequencies cannot be compared with 
figures obtarned from other clinical :nvestigations involving different treat- 
ments. uses. and investigators The cited figures, however. do provide the pre- 
scribing physician with some basis fcr estimating the relative contribution of 
drug and nondrug factors to the side-effect incidence rate in the population 
studied. 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placedo-Controlied Clinical Trial 
Percentage of Patients Reporting Events 


Body System Pergolide Mesylate Piacebo 
Adverse Event’ N= 189 N=187 


Body as a Whole 
Pain 70 
Abdominal pain 5.8 
Injury, accident 58 
Headache 53 
Asthenia 42 
Chest pain 37 
32 
27 
16 
16 
a 
11 
11 








Fiu syndrome 

Neck pain 

Back pain 

Surgical procedure 

Chils 

Face edema 

infection 
Cardiovascular 


Postural hypotension 3.0 
Vasodilatation 32 
Paipitation 24 
Hypotension 21 < 
Syncope 21 
Hypertension 16 
Arrhythmia 11 
Myocardial infarction 11 


Digestive 
Nausea 43 
Constipation 06 
Diarrhea 64 

Dyspepsia 64 

48 
3.7 
2:7 


aN 


Anorexia 

Ory mouth 

Vomiting 
Hemic and Lymphatic 


Anemia it <t 
Metabolic ang Nutritional 


Peripheral edema 
Edema 
Weight gain 
Musculoskeletal 
Arthraigia 
Bursitis 
Myaigia 
Twitching 
Nervous System 
Dyskinesia 
Dizziness 
Hallucinations 
Dystonia 
Contusion 
Somnolence 
insomnia 
Anxiety 
Tremor 
Depression 
Abnormal dreams 
Personality disorder 
Psychosis 
Abnormal gait 
Akathisia 
Extrapyramidal syndrome 
Incoardination 
Paresthesia 
Akinesia 
Hypertoma 
Neuralgia 
Speech disorder 
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fncidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controtied Clinical Triai 
Percentage of Patients Reporting Event: 








Body System’ Pergolide Mesyiate Placebr 
Adverse Event” N=189 N= 187 
Respiratory System 

Rhinitis 122 st 

Dyspnea 48 1 

Epistaxis 16 ed 

Hiccup t4 Q 
Skin and Appendages 

Rash 32 2t 

Sweating 21 ET 
Special Senses 

Abnormal visio 58 $4 

Dipiogia 21 G 

Taste perversion 16 0 

Eye disorder 11 0 
Urogenital System 

Urinary frequency 27 Bå 

Urinary tractintection 27 37 

Hematuria 11 ed 





"Events reported by at least 1% ot patients receiving pergolde mesylate are 
included 


Events Observed During the Premarketing Evatuation of Permax ~This sec 
tron feports event trequencies evaluated as of October 1988 far adversi 
ocurring if a group of approximately 1.800 patents who took muitiple d 
pergotide mesylate. The conditions and duration of exposure to peice 
mesylate varied greatly. involving well-controlled studies as well as experince 
in open and uncontrolled clinical settings. In the absence of appropriate con- 
trols in some of the studies, a causal relationship between these events and 
treatment with pergolide mesylate cannot be determined 

The following enumeration by organ system describes events in terms o! 
their relative trequency of reporting in the data base. Events of major clinical 
importance are also described in the Warnings and Precautions sections 

The foitowing definitions of frequency are used frequent adverse events are 
defined as those occurring in atleast 1/100 patients. infrequent adverse event 
are those occurnng in 1/100 to 1/1 000 patents: rare events are those occur- 
ring in fewer than 1/1,000 patients 

ody as a Whole ~ Frequent: headache, asthenia, accidental injury, abdom- 
inal pain. chest pain, back pain, flu syndrome. neck pain, fever, Infrequent 
facial edema. chiis, enlarged abdomen, malaise, neoplasm. hernia. pelvic 
pain, sepsis, Celluftis, moniliasis, abscess. jaw pain, hypothermia; Rare. acute 
abdominal syndrome. LE syndrome 

Cardiovascular System - Frequent: postural hypotension, syncope, hyper- 
tension, palpitations, vasodilatations, congestive heart failure: infrequent 
myocardial infarction. tachycardia, heart arrest, abnormal electrocardiogram 
angina pectoris. thrombophlebitis. bradycardia, ventricular extrasystoles 
cerebrovascular accident. ventricular fachycardia, cerebral schema. atria 
fibrillation, yvancose vein, pulmonary embolus, AV block. shock 
Rare. vasculitis. pulmonary hypertension, pencarditis, migraine, heart biock 
cerebral hemorrhage 

Digestive System --Frequent. nausea. vormiing, dyspepsia, diarrhea, con- 
Stipation. dry mouth, dysphagia: /afrequent flatulence. abnormal liver sds 








tests, increased appetite, salivary gland enlargement, thirst. gastroentenfs, 
gastritis. periodontal abscess, intestinal obstruction. nausea and vomito. 
gingivitis. esophagitis, cholelithiasis. tooth caries, hepatitis. stomach ulcer 
melena, hepatomegaly. hematemesis. eructation: Rare: sialadenitis, peptic 
ulcer, pancreatitis jaundice, glossitis, tecai mcontinence. duodenitis. caltis, 
cholecystitis. apnthous stomatitis, esophageal ulcer. 

Endocrine System --/nfrequent: hypothyroidism, adenoma, diabetes melli- 
tus. ADH inapprop-iate. Rare. endocrine disorder, thyroid adenoma 

Hemic and Lymphatic System -Frequent anemia, Infrequent: leukopenia, 
lymphadenopathy, leukocytosis. thrombocytopenia, petechia, megaloblastic 
anemia, cyanosis. Rare. purpura. lymphocytosis. eosinophiha, thrombo- 
cythemia, acute lymphoblastic leukemia, polycythemia, splenomegaly 

Metabolic and Nutritional System — frequent. peripheral edema. weight 
loss, weight gain: infrequent: dehydration, hypokalemia. hypoglycemia tron 
deficiency anena. hyperglycemia, gout. hypercholesteremia. Rare elec- 
trolyte imbalance. cachexia, acidosis, hyperuricemia 

Musculoskeleta! System - frequent: twitching. myalgia. arthralgia: Iitre- 
quent bone pain, tenosynovitis. myositis. bone sarcoma. arthritis, Aare 
osteoporosis. muscle atrophy, osteomyelitis 

Nervous System ~ Frequent: dyskinesia. dizziness, hallucinations, confu- 
sion, somnolence, insomnia. dystonia, paresthesia, depression, anxiety. 
tremor, akinesia, extrapyramidal syndrome. abnormal galt, abnormal dreams. 
incoordination. psychosis, personality disorder, nervousness. choreoatheta- 
SiS. amnesia. paranoid reaction. abnormal thinking: Infrequent. akathisia. neu- 
ropathy. neuralgia, hypertonia. delusion. convulsion, libido increased 
euphoria, emotional lability. libido decreased. vertigo. myoclonus, coma, apa- 
thy. paralysis. neurosis, hyperkinesia, ataxia, acute brain syndrome, tortical}:s 
meningitis. mame reaction, hypokinesia, hostility, agitation, hypotonia: Rare 
Stupor. neuritis, imracramal hypertension, hemiplegia, facial paralysis. brain 
edema. myeitis, hallucinations and confusion after abrupt discontinuatio 

Respiratory System -Frequent rhinitis, dyspnea. pneumonia. pharyn 
cough increased, ‘frequent: epistaxis, hiccup, sinusitis. bronchitis. 
alteration. hemoptysis. asthma. lung edema. pleural effusion. laryn 
emphysema. apnea, hyperventilation. Rare pneumothorax. lung fibrosis, 
larynx edema. hypoxia. hypoventilation. hemethorax, carcinoma of lung 

Skin and Appendages System - Frequent sweating, rash: infrequent. skin 
discoloration, prurtus. acne. skin ulcer. alopecia. dry skin. skin carcinoma, 
seborrhea. hirsutism, herpes simplex, eczema. fungal dermatitis, herpes 
zoster, Rare. vesiculobullous rash, subcutaneous nodule, skin nodule, skin 
benign neoplasm. ichenoid dermatitis 

Special Senses System — Frequent: diplopia. Infrequent: otitis media, con- 
junchwitts, tinnitus. deafness, taste perversion. ear pain. eye pain, glaucoma. 
eye hemorrhage. photophobia. visual field defect; Rare: blindness, cataract. 
retinal detachment retinal vascular disorder 

Urogenital System -Frequent unnary tract infection. urinary frequency. 
unnary incontinence, hematuna, dysmenorrhea, infrequent: dysuria. breast 
pain, menorrhagia. impotence. cystitis. urinary retention. aborton. vaginal 
hemorrhage. vaginitis, priapism. kidney calculus, fibrocystic breast, lactation, 
ulenme hemorrhage. urolithiasis. salpingitis. pyutia, metrorrhagia, menopause. 
kidney failure. breast carcinoma, cervical carcinoma: Aare. amenorrhea. biad- 
Ger carcinoma. breast engorgement. epididymitis. hypogonadism. leukorthea. 
nephrosis. pyelonephritis, urethral pain. uncaciduria. withdrawal bleeding 
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Send manuscripts by first-class mail to the Chief Editor, Robert 
J. Joynt, MD, PhD, University of Rochester School of Medicine and 
Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manuscripts 
arë received with the understanding that they are not under 
simultaneous consideration by another publication. Accepted 
manuscripts become the permanent property of the ARCHIVES and 
may, nof be published elsewhere without permission from the 
publisher (AMA). 

Cover Letter.— Designate one author as correspondent and provide 
a complete address and telephone number. 

In the cover letter include (1) statement on authorship respon- 
sibility, (2) statement on financial disclosure, and (3) one of the two 
following statements on copyright or federal employment. Each of 
these three statements must be signed by all authors. 

1. Authorship Responsibility.—“I certify that I have participated 
sufficiently in the conception and design of this work and the anal- 
ysis of the data (when applicable), as well:as the writing of this 
manuscript, to take public responsibility for it. I believe the manu- 
script represents valid work. I have reviewed the final version of the 
manuscript and approve it for publication. Neither this manuscript 
nor one with substantially similar content under my authorship 
has been published or is being considered for publication elsewhere, 
except as-described in an attachment. Furthermore, I attest that 
I shall produce the data upon which the manuscript is based for 
examination by the editors or their assignees if requested.” 

2. Financial Disclosure.—“I certify that affiliations (if any) with or 
involvement in any organization or entity with a direct financial 
interest in the subject matter or materials discussed in the manu- 
script (eg, employment, consultancies, stock ownership, honoraria, 
expert, testimony) are disclosed below.” 

Research or project support should be listed in an acknowledg- 
ment. 


» 3a. Copyright Transfer.—“In consideration of the action of the 


“3b. Federal Employment.— 


American Medical Association (AMA) in reviewing and editing this 
submission, the author(s) undersigned hereby transfer(s) as- 
sign(s), or otherwise convey(s) all copyright ownership to the AMA 
in the event that such work is published by the AMA.” 
— “I was an employee of the US federal 
government when this work was investigated and prepared for 
publication; therefore, it is not protected by the Copyright Act and 
there is-no copyright of which the ownership can be transferred.” 
_We regret that transmittal letters not containing the preceding 
language signed by all authors of the submission will necessitate 
delay in review of the manuscript. 


Editing. — All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript rather than galley 
proofs for approval. The author is responsible for all statements in 
his work, including changes made by the copy editor. 

Order reprints at the time the typescript is returned after ed- 
itorial processing. Specify address to which requests for reprints 
should be sent. 

Manuscript Preparation.—Submit three high-quality copies of 
the entire manuscript. The copies will not be returned. The 
authors should keep the original manuscript for submission if 
aecepted. The original manuscript (including references, legends, 
and tables) must be typed double-spaced on 21.6 X 27.9-em 
814 X 11-in), heavy-duty white bond paper. Ample margins of at 
least 2.5 cm (1 in) should be provided. If a word processor is used, do 


_ not justify right-hand margins. 


Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, and the address to which requests for reprints should be 
sent. 


Style of Writing.—The style of writing should conform to ac- 


; _ ceptable English‘usage and syntax. Slang, medical jargon, obscure 





_ abbreviations, and abbreviated phrasing are to be avoided. 


Informed Consent.—Manuscripts reporting the results of experi- 


“mental investigations of human subjects must include a statement 
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to the effect that informed consent was obtained after the natu 









of the procedure(s) had been fully explained. 
Abstract.—Provide an abstract (185-word maximum) of the 

article, including statements of the problem, method of study. 

results, and conclusions. The abstract replaces the summary. 


References. — List references in consecutive numerical order: (not. a 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications ~ 
should not be listed as references. References to journal articles 
should include (1) author(s) (list all authors and/or editors up to 

six; if more than six, list the first three and “et al’), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) vol- 
ume number, and (6) inclusive page numbers, in that order. Refer- 
ences to books should include (1) author(s) (list all authors and/or 
editors up to six; if more than six, list the first three and “et al”), 
(2) chapter title (if any), (3) editor (if any), (4) title of book, (5) city 
of publication, (6) publisher, and (7) year. Volume and edition 
numbers, specific pages, and name of translator should be included 
when appropriate. The author is responsible for the accuracy and com- 
pleteness of the references.and for their correct text citation. 


SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (See June 1986 issue of the 
ARCHIVES.) 

Hllustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication. may be relettered to achieve uniformity of letter- 


ing style throughout the journal. Magnification and stain should... 


be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7*7.3em (5x7 in). 

Template lettering or preset type is preferred to TEEPE 
labels. If halftone artwork with labels is submitted, affix type and 
leaders to a clear acetate overlay registered to the base drawing. 
Labels and leaders should be applied directly to the drawing board 
surface if the artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 


Any additional illustrations or special effects will be billed to the .~ ~ 


author at cost. Positive color transparencies (85 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 


Legends. Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum | 
of 40 words. 


Photographic Consents.— A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 

Acknowledgments.— Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s), month, and year. The publisher’s permission to reprint” 
should be submitted to the ARCHIVES after the manuscript has 
been formally accepted. 

Statistical Review.— Manuscripts cont ia 3 
tions should include the name and ae n of na statistical 
reviewer. i ; ? 

Tables.— Each table should be me doubléspaced, ' i cl iding all 
headings, on a separate sheet of 21.6 x 27. Fem (S & il-in) 
paper. Do not use larger size paper. If a table must he. continued, 
use a second sheet and repeat all heads and stubs: Each table must 
have a title. 
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EIGHTEENTH PRINCETON CONFERENCE 
May 29-31, 1992 
Rochester, Michigan 


"The 18th Princeton Conference on Cerebrovascular disease will be hosted by 
the Henry Ford Hospital and Health Sciences Center. The conference will be held at 
Meadowbrook Hall on the campus of Oakland University, Rochester, MI on May 29-31, 
1992. The conference will focus on recent developments in stroke, stroke therapy and 
future research directions. Conference sessions will include basic and clinical science 
relevant to the following stroke topics: stroke across age including causes of young 
stroke, race and sex differences, substance use and abuse, antiphospholipid antibo- 
dies, cerebral hemorrhage, brain/heart relationships, applied NMR techniques, thera- 
peutic window including the inflammatory response and the molecular biology of 
cytoprotection. The conference attendance is by invitation. The organizing committee 
welcomes communications from prospective participants concerning their work in pro- 
gress relevant to the above topics. The communications may take any appropriately 
representative written form, e.g. report, abstract or preprints, but please not after Sep- 
tember 30, 1991. The final program will be decided no later than November 5, 1991. 

Invitations to participants including travel and lodging will be sent on or before 
December 1, 1991. All communications should be addressed to Dr. K.M.A. Welch, 
William T. Gossett Chair, Department of Neurology, Henry Ford Hospital, 2799 W. 
Grand Blvd., Detroit, MI 48202, Fax: (313) 876-1324." 
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A Comparison of Daily and Alternate-Day Prednisone Therapy 
, in the Treatment of Duchenne Muscular Dystrophy 


Gerald M: Fenichel, MD; Jerry R. Mendell, MD; Richard T. Moxley III, MD; Robert C. Griggs, MD; Michael H. Brooke, MD; 
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@ We previously reported the results of a 
randomized, double-blind 6-month trial of 
prednisone therapy in which 102 boys aged 
§ to 15 years with Duchenne muscular dys- 
trophy received daily doses of 1.5 and 
0.75 mg/kg per day and were compared with 


“those receiving placebo. The strength and 


function in both prednisone-treated groups 
improved equally and were significantly bet- 
ter than in the placebo group. To compare 
alternate-day and daily dosing of prednisone 
with respect to benefits and adverse side 
effects, the placebo group was started on 
alternate-day prednisone therapy, and the 
treatment group regimens were changed to 
equivalent doses of alternate-day predni- 
sone without breaking the double-blind na- 
ture. At the end of 6 months, the group that 
was changed from daily to alternate-day ther- 


uchenne muscular dystrophy 
(DMD), a progressive and fatal dis- 

ease of skeletal muscle, is a genetic dis- 
order caused by abnormalities at the 
Xp21 chromosomal site.’ Affected boys 
have a complete absence or a reduced or 
altered size of the structural protein 
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apy had declined in strength back to levels 
observed 12 months previously, at the start 
of daily therapy. The group in which alter- 
nate-day therapy was started showed a 
significant improvement in strength at 3 
months, similar in magnitude to the re- 
sponse of boys treated with daily therapy. 
However, their strength declined significant- 
ly in the subsequent 3 months compared 
with boys who received daily therapy. The 
frequency of side effects was not significant- 
ly different for alternate-day therapy com- 
pared with daily therapy. We conciude that 
alternate-day prednisone therapy effectively 
increases strength but does not sustain the 
improvement to the same extent as daily 
therapy or mitigate side effects. 
(Arch Neurol. 1991 ;48:575-579) 


dystrophin in skeletal muscle.” The 
mechanism by which abnormalities of 
this structural protein produces a clini- 
cal syndrome characterized by apparent 
normal strength at birth and a subse- 
quent progressive muscle deterioration 
in childhood is not established.’ 

Despite this limited understanding of 
the pathophysiology, progress has oc- 
curred in the development of a treat- 
ment. We reported the results of a 6- 
month randomized, double-blind trial 
comparing the effects of prednisone 
(0.75 and 1.5 mg/kg per day) with place- 
bo.’ Both doses of prednisone signifi- 
cantly improved muscle strength and 
function compared with placebo. In- 
creased strength was noted as soon as 1 
month after the onset of treatment. 
Strength continued to increase at 3 
months and was maintained at 6 
months. Both doses of prednisone pro- 
duced an equivalent response. 


In the present study, we sought to 
compare alternate-day and daily dosing 
of prednisone with respect to benefits 
and adverse side effects, Three ques- 
tions were addressed: (1) Does starting 
with alternate-day therapy produce the 


same increase in strength as starting = 


with daily therapy? (2) Can alternate- 
day prednisone therapy maintain the 
strength gained after 6 months of daily 
therapy? (3) Does alternate-day thera- 
py produce fewer adverse side effects 
than daily therapy? 


PATIENTS AND METHODS 


A total of 103 boys, aged 5 to 15 years, with 
DMD were enrolled at the four collaborating 


institutions for the initial 6-month random: © 


ized, double-blind trial of prednisone thera- 
py. Thirty-six were randomized to receive 
placebo, 33 to receive low-dose prednisone 
(0.75 mg/kg per day), and 34 to receive high- 
dose prednisone (1.5 mg/kg per day). Five 


boys dropped out during the first 6-month © 


study. 

Blinding was maintained after the comple: 
tion of the initial study. In 34 boys who-had 
been receiving placebo, 
2.5 mg/kg of prednisone was started on alter- 
nate days. Thirty-one boys were changed 
from 0.75 mg/kg of prednisone per day to 
1.25 mg/kg of prednisone on alternate days, 
and 33 boys were changed from 1.5 mg/kg per 
day (maximum, 40 mg) to 2.5 mg/kg of pred- 
nisone on alternate days (maximum, 80 mg), 
Doses were rounded to the nearest 5 mg. 
Gelatin capsules (No. 3, Eli Lilly & Co, India- 
napolis, Ind) containing powdered predni- 


sone were prepared and dispensed from a > - 


single pharmacy at The University of Roch- 
ester (NY) Medical Center. The capsules in- 
cluded the appropriate milligram-per-kilo- 


gram dose plus enough lactose to adjust the 


final weight to 240 mg. A 6-month supply was 
dispensed at the onset of the study. One cap- 


sule was taken on alternate days at break- =. 
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Fig 1.—Graph of least-square means for average muscle strength scores of the group treated with 
daily prednisone and the group treated with alternate-day prednisone during their initial 6 months of 


treatment. 


fast, and compliance was assessed by weigh- 
ing the bottles at the time of dispensing and 
at each return visit. 

Two boys dropped out during the present 
study because of side effects, The number of 


<+ boys finishing the study were 33 in the group 


© changed from placebo to high-dose alternate- 

‘day prednisone, 31 in the low-dose group 

<e changed from daily to alternate-day therapy, 

«and 32 in the high-dose group changed from 
` daily to alternate-day therapy. 


Clinical Evaluations 


All patients were admitted to a Clinical 
Research Center (CRC) at each collaborat- 
ing institution at the beginning and at the end 
of the study. During each CRC admission 
and on consecutive days, the boys underwent 
two evaluations of muscle strength, contrac- 
tures, timed functions, functional grade, lift- 
ing of weights, and pulmonary function.”° 
Clinical evaluations were performed and re- 
corded by Clinical Evaluators who did not 
inquire about side effects. 
Outpatient visits occurred at 1, 2, and 3 
«< months. Clinical evaluations were repeated 
only at the 3-month outpatient visit. Side 
effects were evaluated at each outpatient vis- 
itand at the CRC admissions by the Principal 
Investigator without the Clinical Evaluator 
present. Side effect evaluations included 
measurement of height, weight, and blood 
pressure; dip stick measurement of urinary 

- glucose level; and evaluation of behavioral 
changes, physical stigmas of Cushing's syn- 
drome, cataracts, acne, easy bruising, gas- 

‘otreintestinal symptoms, and hirsutism. 

. Throughout the 12 months of the initial study 
and the present study, all boys continued to 
receive calcium carbonate (0.3 g with each 
meal) and a diet containing 4 g or less of 
sodium. 


Statistical Methods 


The relative benefit of starting treatment 
with alternate-day or daily therapy was 
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made by comparing the measurements made 
in the placebo group beginning when they 
changed to alternate-day therapy (second 
6 months) with the measurements made 
when the group treated with 1.5 mg/kg of 
prednisone first started to receive therapy 
during the initial study (first 6 months). The 
mean of measurements at the beginning of 
the second 6 months was used as the baseline 
covariate for the placebo group that started 
to receive alternate-day therapy and those at 
the beginning of the first 6 months for the 
prednisone-treated groups. Least-square 
means were then computed for measure- 
ments obtained after $ and 6 months of thera- 
py. All covariance analyses were computed 
with Proc GLM of SAS, and type III sums of 
squares were utilized. ‘* 

The side effects were analyzed with a cate- 
gorical model with Proe CATMOD in SAS. 
For the analysis of weight change, a cumula- 
tive logit was used as the dependent vari- 
able. For the other side effects, the default 
logit response was used, and paired ż tests 
were used to analyze change over time. 

The following methods were used to com- 
pare the effects of changing from daily thera- 
py to alternate-day therapy. During the 
CRC admission at the beginning of the study, 
baseline values were obtained by computing 
means for each individual measure. Statisti- 
cal comparisons between high- and low-dose 
treatment groups at 6, 9, and 12 months were 
evaluated with use of an analysis of covari- 
ance, with each treatment group as the clas- 
sifieation variable and the corresponding 
baseline value for that measure as a covar- 
iate. Based on our previous natural history 
experience, natural log transforms of certain 
values were utilized when necessary to con- 
trol for heteroscedasticity. Average muscle 
strength was chosen a priori as the primary 
efficacy measure. Least-square means, 
which adjust the treatment group means for 
differences in baseline values, were com- 
puted for all analyses comparing high- and 
low-dose prednisone. 






Table 1.—Comparison of Daily vs 
Alternate-Day Prednisone Therapy 
After 3 Months * 






Least-Square Means 
preammen naene, 












Alternate- 
Measure Day Daily P 
Average 6.14 6.15 .86 
muscle (0,062) (0.069) 
strength [34] {30} 
















1.49 1.85 























(0.099) (0.094) 
kg [26] [29] 
Leg 3.88 3.48 .0497 
function (0.119) (0. 139) 
[33] [33] 
Time to go 8.50/2.14 7.85/2.06 .42 
30 ft, (0.068) (0.060) 
s/log {23] {30} 
(go 30 ft) 
Time to 5.05/ 1.62 4.31/1.46 055 
stand, (0.056) (0.054) 
s/log {15} {16} 
(stand) 
Time to 4.95/ 1.60 4.48/1.50 .29 
climb (0.07 1) (0.057) 
stairs, [16] [24] 
s/log 
(climb) 
FVC, L 1.60 1.67 13 
(0.032) (0.035) 
[34] [28] 
MVV, L 41.30 43.90 .21 
(1.38) (1.47) 
[32] [27] 
Systolic 106.05 108.15 -42 
BP, (1.86) (1.80) 
mm Hg [29] (31) 
Diastolic 69.40 71.53 31 
(1.50) (1.45) 






{29} {31} 


*FVC indicates forced vital capacity; MVV, maxi- 
mum voluntary ventilation; and BP, blood pressure. 
Values in parentheses are SEs and values in brack- 
ets are numbers of subjects. 






Paired ¢ tests were used to analyze change 
from the original baseline and from the be- 
ginning to the end of the alternate-day thera- 
py period. Single-group t tests were used to 
compare changes in strength scores against 
natural history trends.” 

Analyses were performed to compare the 
side effects experienced by the combined 
low- and high-dose groups at the 3- and 
6-month visits (daily therapy) with the 9- and 
12-month visits. For all side effects except 
weight gain, these matched records were an- 
alyzed for change with use of McNemar's test 
for homogeneity of proportions for correlat- 
ed samples. For weight gain, a paired ¢ test 
was used to compare the average weight gain 
for the first 6 months with the average 
weight gain for the second 6 months. All 
calculations were performed with SAS. 


RESULTS 
Starting Therapy: Alternate-Day vs Daily 


To compare the 6-month results of 
starting on alternate-day therapy with 
those of starting on daily therapy, the 
average muscle strength scores pre- 
sented in Fig 1 have been adjusted to 
the same starting point (the daily treat- 
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Table 2.—Comparison of Daily vs 
Alternate-Day Prednisone Therapy 
After 6 Months * 


Least-Square Means 
premene aeee, 
: Alternate- 
Measure Day Daily 
“Average 5.96 6.13 
muscle (0.052) (0,055) 
strength [34] [30] 





1.60 2.19 
(0.104) (0.099) 
[26] [29] 

Contracture 2.28 ~2A7 
index, (0.089) (0.090) 
degrees [34] [33] 

Leg 4.11 3.66 

“function (0.192) (0.192) 
[33] [33] 
{Time to 8.0/ 2.08 7.39/2.00 
go 30 ft, (0,078) (0.065) 
sflog {21] [30] 
(go 30 tt) 

Time to 4.39/1.48 3.71/1.31 
stand, (0.055) (0.053) 
s/log [15] {16} 
(stand) 

Time to 4.76/1.56 4.01/1.39 
climb (0.075) (0.057) 
stairs, {15} {24} 
s/log 
(climb) 

FVC, L 1.73 1.72 
(0.036) (0,040) 
[34] [28] 
44,92 44.12 
(1.44) (4.59) 
| k [33] [27] 

} Log CK 7.89 7.82 
` (0.112) (0.110) 
[29] [30] 

Creatinine 2.22 2.24 
excretion, (0.038) (0.038) 
mmol/d {33} {33] 

Systolic 105.24 109.76 
BP, (2.3) (2.12) 
mm Hg {23} {27] 

Diastolic 67,99 72.78 
BP, (2.26) (2.08) 
mm Hg {23} {27] 


“FVC indicates forced vital capacity; MVV, maxi- 
mum voluntary ventilation; CK, creatine kinase; and 
BP, blood pressure. Values in parentheses are SEs 
and values in brackets are numbers of subjects. 


“ow, b 





. ment group was started 6 months before 
the alternate-day therapy group). The 
average muscle strength scores of boys 
treated with daily and with alternate- 
day therapy were substantially stron- 
ger after 3 months, and there was no 
significant difference between the two 
dosing schedules at 3 months (P = .86). 
However, boys treated daily were sig- 
nificantly better than those treated on 
alternate days in lifting kilogram 
weights (P = .012) (Table 1). 

After 6 months, significant differ- 
ences were noted between alternate- 
day and daily therapy (Table 2). Muscle 

_ Strength, as tested by the average mus- 
ele strength score and by amount of 

~ weight lifted, was maintained on daily 
therapy but not on alternate-day thera- 

“py. After 6 months of alternate-day 
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Fig 2.—Graph of average muscle strength scores of boys treated first with daily prednisone (first 6 
months) and then with alternate-day prednisone (second 6 months). 


Table 3.—Reported Side Effects 
During the First 6 Months of Therapy 
With Equivalent Doses of 
Alternate-Day and Daily 
Prednisone Therapy” 


Alternate- 
Day Daily 

Side Effect (n= 33) (n= 33) P 
Behavioral 

change 14 (42) 15 (45) 
Cataract o 0 
Hirsutism 12 (36) 17 (55) 
Easy bruising 2 (6) 0 
Cushingoid 

appearance 
GI symptoms 10 (30) 13 (39) š 
Rash 7 (21) 9 (27) 57 
Glycosuria 1 (3) 1 (3) 1.00 


* Values are number (percent) with side effect. GI 
indicates gastrointestinal. 


16 (48) 18 (55) 


therapy, the average muscle strength of 
the group had declined to the level at the 
start of therapy (Fig 1), However, be- 
cause there was no net loss of strength 
during the 6-month trial, they were still 
substantially stronger than expected 
from the natural history data.’ Contrac- 
ture index, time to go 30 ft, pulmonary 
function test results, blood pressure, 
log creatine kinase level, and creatinine 
excretion did not differ significantly be- 
tween daily and alternate-day therapy 
groups (Table 2). 

Six months of treatment with either 
daily or alternate-day prednisone sub- 
stantially increased the urinary excre- 
tion of creatinine. No significant differ- 
ence was seen between the two 
treatment groups (P = .85). 

The number of boys reporting side 
effects (Table 3) and the percentage of 
weight gain (Table 4) were not found to 
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Table 4.—Weight Change: 
Comparison of Daily and 
Alternate-Day Prednisone Therapy * 


% Aiternate- 
Weight Day 
Change (n = 34) 


2 (6) 
3 (9) 
17 (62) 
11 (33) 


be significantly different in a compari- 
son of 6 months of alternate-day therapy 
with 6 months of daily therapy. 


Changing From Daily to Alternate-Day 
Therapy 


The measurements of efficacy and 
side effects in the daily low-dose and 
high-dose (0.75 and 1.5 mg/kg per day) 


groups and in the alternate-day low- `- 


dose and high-dose (1.25 and 2.5 mg/kg 
per day) groups were not significantly 
different and have been pooled for clar- 
ity of presentation. 

Alternate-day prednisone therapy 
did not further improve or even main- 
tain the increased strength achieved 
with daily prednisone therapy (Fig 2). 
At the end of 12 months, the average 
muscle strength scores were almost the 
same as they had been before daily ther- 
apy was started. The average change 
during the 12-month period of study was 
— 0.01 units. This, however, was signif- 
icantly better than the natural history 
trend of — 0.38 units per year that we 
have reported previously (P = .0001),’ 

The time required to go 30 ft, to stand 
up from a lying position, and to climb 





Table 5.—Clinical Measures: Changing From Daily to Alternate-Day 
Prednisone Therapy * 


Measure- 
ment 


Paired t Test P Vaiues 
Yoana 
Baseline Baseline 6 mo 

vs 6 vs 12 vs 12 

mo mo 


Alternate-Day 
 commenenmesnnemmntinmanemmensnmmenen 





Average 
muscle 
strength 
score 


873 .0001 





Weight 
lifted, 
kg 





Contrac- 
ture 
index, 
degrees 


(64) 


(16) 





3.15 
+2.91 
(64) 


Leg 
function 


3.38 
+3.00 
(64) 





7.03 
£0.68 
(55) 


Time to 
go 30 
ft, st 


7.61 
£0.72 
(53) 





§.37 
+0.77 
(39) 


Time to 
stand, st 


5.21 
+0.80 
(33) 





4.57 
+0.76 
(47) 


J Time to 
climb 4 
standard 
stairs, st 


5.26 
+0.89 
(46) 





1.63 
+0.50 
(59) 
43.8 
+ 15.40 
(58) 





1.60 
+0.52 
(61) 
42.4 
+ 15.80 
(59) 





2.21 
(64) 


Creatinine 
excre- 
tion, 
mmol/d 





7.87 
+0.86 
(60) 
108.9 
+ 10.70 
(58) 


Systolic 
BP, mm 
Hg 


(64) 





107.2 
+9.60 
(57) 





71.5 
+8.90 
(64) 


71.0 
+ 13.0 
(58) 


Diastolic 
BP, mm 


Hg (65) 


71.5 
+ 10.30 
(57) 


+ 10.90 
(49) 





*FVC indicates forced vital capacity, MVV, maximum voluntary ventilation; CK, creatine kinase; and BP, blood 
pressure. Values are mean + SD (number of subjects). 


tMeans are in seconds and SDs are in log units. 


stairs had improved in response to daily 
therapy but worsened at the end of 6 
months of alternate-day therapy, de- 
clining toward values observed before 
daily therapy was initiated. In contrast, 
the increased level of pulmonary func- 
-tion and urinary creatinine excretion 
and the decreased level of serum cre- 
atine kinase achieved during daily ther- 
apy were maintained with alternate- 
day therapy despite the loss of strength 
(Table 5). 

The proportion of boys exhibiting the 
typical cushingoid appearance contin- 
- ued to increase from 40% after 6 months 

to 54% after 12 months. Three boys 
complained of easy bruising, and two 
boys developed cataracts during the 
second 6-month period when they were 
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receiving alternate-day therapy (Table 
6). Complaints about gastrointestinal 
symptoms and behavioral problems de- 
creased. The increase in blood pressure 
observed during the first 6 months was 
maintained (Table 5), although the 
weight gain during the second 6 months 
was significantly less than that ob- 
served during the first 6 months 
(P= .0001) (Table 7). 


COMMENT 


The present investigation is an exten- 
sion of our previous 6-month random- 
ized trial that demonstrated a beneficial 
effect of daily prednisone therapy in 
boys with DMD.* In that study, predni- 
sone both at 0.75 mg/kg per day and at 
1.5 mg/kg per day had essentially the 





Table 6.—Side Effects: Changing 
From Daily to Alternate-Day 
Prednisone Therapy” 















Side Ailternate- 





Effect Daity Day P 

Behavior 

changet 25 (40) 21 (33) .58 
Cataracts ie} 2 (3) 50 
Easy bruising 0 3 (5) 25 
Cushingoid 

appearance 25 (40) 34 (54) 064 
Gi symptoms 24 (38) 16 (25) 077 
Glycosuria 1 (2) 2 (3) 1.00 
Hirsutism 30 (48) 28 (44) Bi 
Rash 16 (25) 16(25) 1.00 








* Low-dose and high-dose data are pooled. Values 
are number (percent). GI indicates gastrointestinal. 
tincludes only negative behaviors, such as insom- 


nia, hyperactivity, aggression, and emotional lability. ¢ 


Table 7.—Weight Change: Changing 
From Daily to Alternate-Day 
Prednisone Therapy 


Variable Baseline’? 6 mo”  12.mo 


Mean (SD) 
weight, kg 

No. 

% increase 


26.56 
(0.15) 
62 


29,96 
(0.15) 
62 62 

17.2t 8.64 


* Baseline is at the beginning of daily therapy and 


31.95 
(0.15) 


6 months is the time that the dosing was changed to p? 


alternate day. 
tPercent change from baseline to 6 months. 
Percent change from 6 months to 12 months 
(P= .000 1). 


same beneficial effects on improving av- 
erage muscle strength. Further study 
was indicated to establish whether long- 
term prednisone therapy could slow the 
progression of weakness. Before start- 
ing long-term therapy, it was important 
to learn whether alternate-day therapy 
could provide the same benefits with 
fewer side effects. Previous studies of 
other diseases have indicated that alter- 


nate-day prednisone treatment is asso- oe 


ciated with fewer serious side effects 
than daily treatment while maintaining 
the desired beneficial effects.” 


Starting Therapy: Alternate-Day vs Daily 


Therefore, at the end of the initial 
double-blind study, we initiated thera- 
py with 2.5 mg/kg on alternate days in 
the placebo group to compare these 
boys with the boys who had just. com- 
pleted 6 months of daily prednisone 
therapy (1.5 mg/kg). To make this com- 
parison, the analyses were statistically 
adjusted to account for the fact that the 
patients in whom alternate-day therapy 
was administered had initially been re- 
ceiving placebo during the 6-month in- 
terval when daily therapy was initiated 
in the other group. At the time of initial 
randomization, baseline measurements 
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of strength and function were similar for 
both groups.’ However, at the start of 
the second 6-month study, the average 
muscle strength scores of the boys al- 
* ready treated for 6 months with daily 
prednisone were significantly greater 
than the average muscle strength 
scores of the boys who had been treated 
with daily placebo (P=.0001). The av- 
erage muscle strength score of the pla- 
cebo-treated boys had declined 
0.21 +0.31 units, as expected from the 
natural history data.° 
Therefore, the boys in whom alter- 
nate-day prednisone therapy was start- 
ed were not only weaker than the boys 
t in whom daily prednisone therapy was 
initiated but they had also been asked 
about side effects for 6 months before 
starting prednisone therapy. Despite 
these limitations in the study design, we 
believe that the reported analyses of 
efficacy and side effects of initiating 
treatment with alternate-day and daily 
prednisone are informative. 
Alternate-day therapy (2.5 mg/kg) 
led to improvements in muscle strength 
and function after 3 months that were 
comparable with the improvements ob- 
served in boys receiving daily therapy 
. (1.5 mg/kg). However, the improve- 
“ments were not maintained at 6 months. 
Urinary creatinine excretion increased 
with both alternate-day and daily thera- 
pies. These observations suggest that 
the increase in muscle mass inferred 
from the rise in creatinine excretion” 
does not necessarily correlate with the 
changes in strength observed in the dif- 
ferent groups of patients. 


Switching From Daily to Alternate-Day 
Therapy 


In boys who had already experienced 

a benefit from 6 months of daily predni- 
sone therapy, the regimen was changed 

. to an equivalent dose on alternate days 
“.to-determine whether the beneficial ef- 
~feets could be maintained while mini- 
mizing side effects. Alternate-day doses 
were selected that approximated the 
daily dose. Disappointingly, the gains in 
strength observed after 6 months of dai- 
ly prednisone therapy were lost during 
the second 6 months of alternate-day 
therapy. At the time, we were uncer- 
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tain whether the loss of benefit was due 
to the change in dosing or whether it 
would have oceurred with continued 
daily doses. However, subsequent stud- 
ies have indicated that daily prednisone 
therapy has a beneficial effect for 2 
years and longer. * 

Adverse side effects are an important 
concern when treating children with 
long-term corticosteroids. The in- 
creased reports of cushingoid appear- 
ance and cataract during the second 6 
months of therapy compared with the 
first 6 months is probably caused by the 
total duration of prednisone therapy 
and not the change from daily to alter- 
nate-day therapy. The reduced inci- 
dence of gastrointestinal and behavioral 
symptoms may reflect an increased tol- 
erance for these side effects. Weight 
gain was reduced when alternate-day 
therapy was used, but it is likely that 
the percentage weight gain may be 
greater during the first 6 months of 
therapy than the second 6 months with- 
out regard to the dosing schedule. 


Mechanism of Action 


The mechanism by which prednisone 
produces an increase in strength, func- 
tion, and muscle mass in boys with DMD 
has not been addressed herein but has 
been studied. Muscle biopsy specimens 
obtained at the conclusion of the first 6 
months of treatment in a subset of pa- 
tients compared placebo with predni- 
sone treatment. Dystrophin analysis 
failed to reveal any differences between 
the groups.” However, mononuclear 
cell analysis showed that the predni- 
sone-treated groups had significantly 
fewer total T cells, cytotoxie/suppres- 
sor (CD8°) T cells, and muscle fibers 
focally invaded by inflammatory cells 
compared with biopsy specimens from 
the placebo group.” These findings are 
consistent with the prednisone-induced 
increase in urinary creatinine excre- 
tion, which may represent an increase in 
muscle mass related to decreased mus- 
cle destruction. 


This investigation was supported by a grant from 
the Muscular Dystrophy Association and grants 
RR00095 (Vanderbilt University, Nashville, 
Tenn), RR00034 (The Ohio State University Col- 
lege of Medicine, Columbus), RR00044 (University 


of Rochester [NY], and RR00036 (Washington 
University, St Louis, Mo) from the National Insti- 
tutes of Health, Bethesda, Md. : 
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Vegetative State After Closed-Head Injury 


A Traumatic Coma Data Bank Report 


Harvey S. Levin, PhD; Christy Saydjari; Howard M. Eisenberg, MD; Mary Foulkes, PhD; Lawrence F. Marshall, MD; 
Ronald M. Ruff, PhD; John A. Jane, MD; Anthony Marmarou, PhD 


è To elucidate the clinical course of the 
vegetative state after severe closed-head in- 
jury, the Traumatic Coma Data Bank was ana- 
lyzed for outcome at the time of discharge 
from the hospital and after follow-up inter- 
vals ranging up to 3 years after injury. Of 650 


¿x patients with closed-head injury available for 


- analysis, 93 (14%) were discharged in a vege- 
tative state. In comparison with conscious 
survivors, patients in a vegetative state sus- 


“tained more severe closed-head injury as re- 


flected by the Glasgow Coma Scale scores 
and pupillary findings and more frequently 
had diffuse injury complicated by swelling or 
shift in midline structures. Of 84 patients ina 
vegetative state who provided follow-up 
data, 41% became conscious by 6 months, 
52% regained consciousness by 1 year, and 
58% recovered consciousness within the 
3-year follow-up interval. A logistic regres- 
sion failed to identify predictors of recovery 
from the vegetative state. 
(Arch Neurol. 1991;48:580-585) 


The essential feature of the persistent 

vegetative state (PVS) was charac- 
terized by Jennett and Plum’ as “the 
absence of any adaptive response to the 
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external environment...” ©, Ac- 


cordingly, posttraumatic PVS patients 
are distinguished from other survivors 
of severe head injury who are capable of 
making a “consistently understandable 
response to those around them” either 
by word or by gesture.’ Despite the in- 
ability to obey commands and no com- 
prehensible speech, patients who sur- 
vive head injury in a vegetative state 
(VS) may exhibit eye opening and pur- 
suit eye movements. Few recent stud- 
ies have focused on the PVS, particular- 
ly in relation to head injury. Of 110 PVS 
patients studied by Higashi and co- 
workers,” only 38 had sustained a head 
injury. These investigators reported a 1 
year mortality of 41% overall (26% 
among the head injured), which in- 
creased to 73% over 5 years. Although 
10% of these PVS patients partially re- 
covered, only three became 
communicative. 

Jennett and Plum’ did not specify the 
minimum duration for posttraumatic 
VS to be considered persistent. Howev- 
er, serial observations have shown that 
severely head-injured patients rarely 
are capable of comprehending simple 
commands within 1 year if they have not 
done so by 6 months.’ Of the patients 
who eventually obeyed commands by 1 
year, Bricolo and coworkers’ found that 
13% had done so after the third month, 
whereas only 1.5% of the patients began 
to follow commands after 6 months. 
Limitations of Bricolo and coworkers’ 
study include the retrospective selec- 
tion of patients and lack of computed 
tomographic scan information. In a ret- 
rospective study of 134 closed-head in- 
jured patients who were in a coma per- 
sisting over 30 days, Sazbon and 


Groswasser’ found that 72 patients sub- 
sequently recovered consciousness 
(54%), most of them during the second 
and third month. Of the patients who 
did not recover consciousness during 
the study period, approximately two 
thirds died within the first year. Analy- 
sis of acute findings revealed that signs 
of hypothalamic damage (eg, general- 
ized sweating) and a flaccid motor re- 
sponse most clearly differentiated the 
recovered from the nonrecovered pa- 
tients, while epilepsy and hydrocepha- 
lus were the late complications that 
most clearly discriminated the two 
groups. 

Analysis of the International Coma 
Data Bank of 1373 patients with severe 
head injury has revealed that 140 were 
vegetative 1 month after trauma (10%).° 
Fifty-nine of the vegetative patients 
(42%) regained consciousness within 1 
year after the onset of coma, including 
14 patients (all younger than 40 years) 
who became independent. Braakman et 
al’ reported that age, pupillary reactiv- 
ity to light, and the best motor response 
were the most useful prognostic factors 
for death or continued VS at various 
time points. Despite wide variation 
across the four International Coma 
Data Bank centers in the percentage of 
patients who were vegetative at 1 
month, the findings uniformly ranged 
from 1% to 2% by 1 year. 

This study was undertaken to (1) 
evaluate the percentage of severely 
head-injured patients remaining vege- 
tative at the time of hospital discharge 
following state of the art neurosurgical 
treatment at four university trauma 
centers in the United States; (2) charac- 
terize the clinical features of patients 


t 
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Fig 1.—Distribution of Glasgow Outcome Scale 
categories at the time of discharge from the 
Traumatic Coma Data Bank hospitais. The 
numerator below each bar indicates the num- 
ber of patients who were discharged in a 
vegetative state; denominator, the total number 
of patients discharged from the center. 


discharged in a VS compared with con- 
scious survivors and patients who die 
while hospitalized; (8) assess the likeli- 
hood of recovery from a vegetative con- 
dition over the first 3 years after injury; 
and (4) identify prognostic factors for 
vegetative patients regaining con- 
sciousness. 


PATIENTS, MATERIALS, AND METHODS 
Patients 


Entry criteria for the Traumatic Coma 
Data Bank’ (TCDB) included a severe head 
injury followed within 48 hours by evaluation 


"of the patient in the emergency department 


--at one of the four participating centers (Table 


1) as being in a comatose condition as defined 
by the postresuscitation Glasgow Coma 
Seale (GCS) of Teasdale and Jennett* indicat- 
ing a score of 8 or less corresponding to no 
eye opening, inability to obey commands, 
and absence of comprehensible speech. Pa- 
tients exhibiting delayed deterioration also 
were entered into the TCDB, provided that 
coma ensued within 48 hours of injury. In 
contrast to the International Coma Data- 
bank, there was no stipulation of a 6-hour 
duration of coma as an eligibility criterion in 
the TCDB. Of 1030 patients entered into the 
TCDB, 167 (16.2%) were excluded from this 
analysis because they sustained gunshot 


> wounds, 121 (14.2%) were deleted because 


they were brain dead on admission, and 92 
(12.4%) were excluded. because they were 


: younger than 16 years, leaving 650 patients 
-available for analysis. 
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Table 1.—Age, Duration of Hospitalization, and Intracranial Pressure (ICP) in 
Vegetative vs Nonvegetative Survivors and Patients Who Were Dead at 
Hospital Discharge * 


Outcome on Discharge 
eee eeen eeen, 



























































Nonvegetative Vegetative Dead xt 
{n = 335) {n = 93) {n = 222) (df = 2) 
Age at injury, y 
iz b th 
Median 25° 27 oo ser } 31.73 
Range 16-84 16-89 16-93 
Hospital stay, days+ 
H a! b 
Median 29* __ 59% 1.5 } 372.95 
Range 1-226 §-285 0-242 die, 
Maximum ICP§ in first 
72 hours, mm Hg. 
i a b ab 
__Median E 24 25° 21S } 102.26 
Range 2-93 8-78 4-101 
% Time ICP >20 mm Hg§ 
in first 72 hours 
į. a b i 
Median = 4.7 9.4' 41.6" } 113.83 
Range 0-91 0-88 0-100 








*A common superscript letter denotes a significant pairwise difference between the groups (P< .05) 


according to a Mann-Whitney test. 
tP < .0001, Kruskal-Wallis test. 


interval from admission to discharge from a Traumatic Coma Data Bank hospital excluding periods in other : 


hospitals. 


§Intracranial pressure data available for 305 nonvegetative, 90 vegetative, and 156 dead patients. 


Procedures and Schedule of Follow up 


The Glasgow Outcome Scale of Jennett and 
Bond’ was completed by a neurosurgeon on 
discharge from the TCDB hospital and at the 
time of the follow-up examinations that were 
scheduled at approximately 6 months, 12 
months, 2 years, and 3 years after injury. 
Assessment using the Glasgow Outcome 
Seale was based on a neurologic examination, 
interview with the patient, and/or informa- 
tion obtained from the family. The Glasgow 
Outcome Scale was completed on the basis of 
a telephone interview with a family member 
for patients who were unable to return for 
follow-up. Evaluation of the capacity of pa- 
tients to execute simple commands (the es- 
sential distinction between nonvegetative 
and vegetative survivors) has been shown to 
be highly reliable across different clinical ex- 
aminers. ” 


Analytic Methods 


The data were analyzed using y’ tests of 
association, tests for trend, nonparametric 
methods for comparisons of groups in the 
absence of normality, survival analyses, and 
logistic regression. 


RESULTS 
VS at Discharge 


To focus on the comparison between 
vegetative and conscious survival, the 
data of patients classified as moderately 
disabled, severely disabled, or as hav- 
ing made a good recovery were merged 
into a single category referred to as 
“nonvegetative.” Patients who died 
were included in the analysis to deter- 
mine whether their demographic and 
clinical features more closely resembled 
the findings in cases of VS as opposed to 


conscious survivors. This issue is partic. | 
ularly germane to previous studies that. 
have combined the data of patients who. 
died with those who remained vegeta. 
tive for comparison with conscious sur- 
vivors."’ Additional analyses were 
confined to those patients who were 
vegetative at discharge, and some ana- 
lyses further excluded those patients 
who died without recovering from the 
VS. 

Figure 1 shows the distribution of dis- 
charge status for each of the four TCDB 
centers. Overall, 93 of the patients 
(14%) were discharged from the hospi- 
tal ina VS. It is seen that the likelihood 
of this outcome was fairly constant. 
across the four university hospitals. In 
view of the similar distribution of vege- 
tative survivors across the four TCDB 
centers and no significant center differ- 
ences in the distribution of Glasgow 
Outcome Secale categories at (1) 6 
months; (2) 1 year; (3) 2 years; and (4) 3 
years; all additional analyses are re- 
ported for the total cohort eligible for 
analysis. Although the initial assess- 
ment of outcome was at discharge in- 
stead of the 1-month interval employed 
by Braakman et al," the median length 
of stay approximated 1 month and three 
fourths of the patients spent less than 
2 months in a TCDB hospital. 

Tables 1 through 4 compare the demo- 
graphic and clinical findings of the 93 
patients who were vegetative at the 
time of discharge from a TCDB center 
with the corresponding data of nonveg- 
etative survivors and patients who had 
died. As shown in Table 1, both groups 
of survivors were significantly younger 
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Table 2.--Lowest Postresuscitation GCS Score and Pupillary Reactivity in Relation to 
Outcome at the Time of Discharge From a TCDB Hospita!* 


Outcome, No. (%) 
peneem eneee Nanananana, 
Nonvegetative Vegetative Dead 





GCS scoret 
3-5 107 (32) 


8-15 228 (63) 11 (12) 
Total 335 (53) 93 (15) 
x? (df = 2) = 261.1, P < .0001 


82 (88) 203 (96.5) 
7 (3.5) 


210 (33.0) 











Pupillary reactivity 
Normal 
Unilateral abnormality 
Bilateral abnormality 
Total 


232 (70) 
40 (12) 11 (42) 
61 (18) 54 (58) 


333 93 
x? (df = 4) = 303.26, P < .0001 


28 (30) 7@) 
7 (3) 
199 (93) 


213 














* GCS indicates Glasgow Coma Scale; TCDB, Traumatic Coma Data Bank. 
tLowest postresuscitation score. 
Poorest postresuscitation response. 








Table 3.—Intracranial Diagnosis Based on CT Scan and Surgery in Relation to 
Vegetative Outcome at Discharge 


pa OO 


No. (%) 
























































Intracranial diagnosis Nonvegetative” Vegetative Dead Total 
Diffuse injury 1, normal 31 (9) 5 (5) 4 (2) 40 (6) 
Diffuse injury 2,t 110 (33) 18 (19) 23 (11) 151 (24) 
Diffuse injury 3,4 swelling 52 (16) 30 (32) 44 (21) 126 (20) 
Diffuse injury 4,§ with shift 7 (2) 6 (7) 15 (7) 28 (4) 
Evacuated mass lesion 122 (37) 29 (32) 102 (49) 253 (40) 













11 (3) 
1 (3) 
334 


Nonevacuated mass lesion|| 
Brain-stem injury 
Total 








*Computed tomographic (CT) information was unavailable for a single nonvegetative patient. 
+Cisterns are present with shift O to 55 mm and no high or mixed density lesion of more than 25 mL. 
+Cisterns compressed or absent with shift O to 5 mm and no high or mixed density lesion of more than 25 

mL. 
§Shift of more than 5 mm, no high or mixed density lesion of more than 25 mL. 
|| High or mixed density lesion of 25 mL or more not surgically evacuated. 










Nonvegetative Vegetative 





5 (5) 17 (8) 
Ol...) 201) 


33 (5) 
3 (.5) 








Table 4.—Complications of Injury in Relation to Outcome at Discharge (No. of Patients 
With Complication / No. of Patients With and Without Complication) * 


No. (%) 


peanae tnt nat, 


93 207 634 





Dead Total x? P 








Shock 
Hypoxia 


66/291 (23) 
587 189 (31) 


35/80 (44) 
18/41 (44) 












89/ 189 (48) 
49/105 (47) 


* Shock was defined by a drop in systolic blood pressure of less than 90 mm Hg. Hypoxia was defined by 





190/560 (34) 36.32 <.0001 
125/335 (37) 8.24 <.016 


a Po, of less than 60. These values were recorded in the emergency department at the time of hospital admis- 
gion. There was variation in the sample size of each group available for analysis because only patients with 
complications coded as unequivocally present or absent were included. 


than the patients who died, whereas the 
age of vegetative patients did not signif- 
icantly differ from patients whose con- 
sciousness had improved by discharge. 
Vegetative patients were hospitalized 
for longer durations at a TCDB center 
than were conscious survivors (Table 
1). It is conceivable that the long dura- 
tion of hospitalization in the VS patients 
reflects unavailability of suitable reha- 
bilitation for this group. 

Patients who were vegetative at dis- 


-582 Arch Neurol—Vol 48, June 1991 


charge sustained more severe injuries 
than the conscious survivors, as reflect- 
ed by their lower postresuscitation GCS 
scores and more frequent abnormal pu- 
pillary reactivity (Table 2). The distri- 
bution of GCS scores in the vegetative 
survivors is similar to the findings ob- 
tained in patients who died. However, 
bilateral pupillary abnormality was 
more common in fatal injuries compared 
with the group with vegetative surviv- 
al, x’ (1) = 56.3, P<.0001. 


Intracranial diagnosis was character- 


ized using a classification based on the 
initial computed tomographic sean.’ In 
addition, a separate category was desig- 


nated for patients with brain-stem le- . 


sions. In comparison with patients who 
were following commands at discharge, 
the intracranial diagnosis of vegetative 
survivors was distinguished primarily 
by diffuse injury complicated by swell- 
ing or shift of midline structures (Table 
3). In contrast, the frequency of mass 
lesions (total of evacuated and noneva- 
cuated) was similar in vegetative (36%) 
and nonvegetative (40%) patients, but 
less common than in patients who died 
(57%), X? (1) = 19.0, P<.0001. 

The presence of shock or hypoxia was 
analyzed in relation to outcome at hospi- 
tal discharge for those patients in whom 
either of these complications was un- 
equivocally present or absent (Table 4). 
The presence of shock, as defined by a 
drop in systolic blood pressure to below 
90 mm Hg, was more common in pa- 
tients who died or were vegetative at 
discharge compared with conscious sur- 
vivors. Although variation in hypoxia 
(Po,, <60) across the groups was less 
impressive than the disparities in 
shock, patients who regained relatively 
normal consciousness by the time of dis- 
charge tended to have more normal oxy- 
genation of brain tissue than vegetative 
survivors or patients who died (Table 
4). Intracranial pressure was analyzed 
according to the maximum value and the 
percent time it exceeded 20 mm Hg dur- 
ing the first 72 hours of the intensive 
care phase. Table 1 indicates that intra- 
cranial hypertension (reflected by maxi- 
mum intracranial pressure and the per- 
cent time intracranial pressure ex- 
ceeded 20 mm Hg) was more frequent in 
the patients who died. Although VS pa- 
tients tended to have elevated intracra- 
nial pressure during a greater percent- 
age of the first 72 hours than patients 
who were conscious by the time of dis- 
charge, this difference was not sig- 
nificant. 


Recovery From VS 


Of 93 vegetative survivors, outcome 
data were available for 84 (90%) at least 
6 months after injury, whereas nine pa- 
tients (10%) were unavailable for fol- 
low-up. The last follow-up assessment 
was completed at 6 months in 18 pa- 
tients (21% of series), 1 year in 35 pa- 
tients (42% of series), 2 years in 25 pa- 
tients (80% of series), and 3 years in six 
patients (7% of series). The demograph- 
ics and clinical features of patients who 
recovered from a VS were compared 
with those who either remained vegeta- 
tive or died. Table 5 indicates that 49 of 
the patients discharged in the VS (58% 
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of the cases with follow-up data) exhibit- 
ed improvement in level of conscious- 
ness within 3 years after injury, where- 
as 35-of the patients (42%) remained 
vegetative (n= 15) or died (n =20) dur- 
ing the follow-up period. Death follow- 
-ing discharge in a VS was attributed to 
medical complications (11 patients), the 
_ direct effects of head injury (four pa- 
tients), or other causes (five patients). 
Thirty-four of the vegetative patients 
(40% of patients with follow-up data) 
who eventually improved to a higher 
Glasgow Outcome Seale category had 
done so by 6 months, Figure 2 depicts 
the cumulative percentage of vegeta- 
« tive patients who became conscious dur- 
Ing the follow-up period. By 1 year after 
injury, 52% of the VS patients with fol- 
low-up. data had regained conscious- 
ness. As shown in Fig 2, increments in 
the percentage of vegetative patients 
who recovered consciousness were 
slight beyond 1 year, with 49 patients 
(58% of patients with follow-up data) 
improved by 2 years. In view of the 
variable duration of follow-up, Fig 2 
should be interpreted as a life-table 
estimate. 

To identify features related to recov- 
ery from a VS, the statistical analyses 
‘Were based on a dichotomy of improved 

“patients vs those who remained vegeta- 

“tive or died during the 2 years. As de- 
picted in Table 5, patients who recov- 
ered tended to be younger than 
survivors who remained vegetative or 
died, but the difference in age was not 
significant. 

Table 6 shows that the preponder- 
ance of patients had a postresuscitation 
GCS score in the 3 to 5 range irrespec- 
tive of whether they recovered from a 
VS at discharge. A repeated analysis 
confined to the motor component of the 
GCS also revealed no relationship to re- 
covery from VS. Similarly, nonreactive 

pupils were common in vegetative sur- 
--¥ivors regardless of later improvement 
(Table 6). 

The relationship between complica- 
tions of injury and recovery from PVS is 
summarized for pulmonary problems, 
shock, and hypoxia in Table 7. Analysis 
was confined to unequivocal presence or 
absence of these complications, exclud- 
ing “suspected” cases. Of the compari- 
sons between patients who regained 
consciousness vs those patients who re- 
mained ina VS, the only significant find- 
ing was an association between absence 
of hypoxia and PVS (Table 7). Paradoxi- 
cally, the percent of patients with hyp- 
oxia who recovered from PVS was high- 
“cer than in the patients who remained 
vegetative. A logistic regression was 
performed to evaluate the usefulness of 
patient features in predicting outcome 
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Table 5,.—Outcome of Vegetative State Within 3 Years in Relation to Age at injury and : 
ICP During First 72 Hours* 










Improved vs improved vs 






















































PVS/Died PVS 
improved PVS/Died PVS a_n auenia 
{n = 49) {n = 35) (n = 15) z P z P 
Age, y 
Median 25 28 ou } 1.56  <0.12 104 <30 
Range 16-57 18-74 18-54 
interval since injury, dayst 
Median 376 354 387 
Range 30-1250 28-1131 33-1132 
Maximum ICP, mm Hg (n = 43) 
Median 25 24.5 25 } 008 <10 ~0.02 <.98 
Range 8-57 12-78 12-78 
% Time ICP, >20 mm Hg (n = 43) 
Median 129 58 6.7 } =14.11 <0.27 -066  <0.5t 
Range 0-75 0-88 0-45 





* Results of the Mann-Whitney test are given by the Z score and P value. ICP indicates intracranial pressure; |: 


PVS, persistent vegetative state. 
tinterval until last follow-up evaluation. 





Table 6.—Outcome Within the Follow-up Period of Patients Who Were in a Vegetative 
State at Discharge in Relation to Acute Neurologic Indexes * 










No. (%) 
LL aaa, 
improved PVS/Dead 

























(n = 49) (n = 35) 
GCS scoret 
3-5 42 (86) _33 (94) 14 (93) 
6-8 7 (14) 2 (6) 1(7) 






P < .29, Fisher's Exact Test, 
improved vs PVS/dead 


P < 1.0, improved vs PVS 













Pupillary reactivityt 

















Normal 14 (31) 9 (26) 3 (20) 
Unilateral abnormality 7 (14) 3 (8) 1 (7) 
Bilateral 27 (55) 23 (66) 11 (73) 






x? (2 dh = 1.12, P< .57, 
improved vs PVS/dead 
*PVS indicates persistent vegetative state; GCS, Glasgow Coma Scale. 
tLowest postresuscitation score. 
+Poorest postresuscitation response. 


x? (2 dh = 1.64,P < 44, 
improved vs PVS 













Fig 2.—Cumulative percent of vegetative patients regaining consciousness plotted against years 
after injury for the 84 patients in whom follow-up data were available. Note the small percentage of 
patients who regained consciousness more than 1 year after injury. 
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= Table 7.—Recovery From a Vegetative State Within 3 Years in Relation to 
Complications of Injury* 


No. (%) 


remanen e, 


improved 
(n = 49) 


PVS/Dead 


PYS 
{n = 15) 


Total 


(n = 35) in = 84)+ 





Pulmonary problemst 


None / mild 11 (22) 


9 (26) 4 (27) 20 (24) 





Moderate / severe 38 (78) 


26 (74) 11 (73) 64 (76) 


Fisher's Exact Test, P< .80, P < .74 





Shock§ 


None / mild 40 (82) 


26 (74) 12 (80) 66 (79) 





Moderate / severe 9 (18) 





9 (26) 3 (20) 18 (21) 


Fisher's Exact Test, P < .43, P < 1.00 





Hypoxia 


Absent 8 (47) 


13 (88) 8 (89) 21 (58) 





Present 9 (53) 


6 (32) 1(11) 15 (42) 


Fisher's Exact Test, P < .30, P < .01 


* This analysis was confined to patients in whom the presence or absence of these complications could be 
unequivocally determined. Patients in whom a complication was suspected were excluded from this analysis. 
The first probability value refers to the comparison between patients who improved and those who remained 
vegetative or died, whereas the second probability value refers to the comparison of patients who improved vs 





those who remained vegetative. PVS indicates persistent vegetative state. 
+Ot 93 patients discharged in a vegetative state, 83 provided follow-up data. 


tintection, embolus, insufficiency. 
§Clinical rating by neurosurgeon. 


Table 8.—Recovery From a Vegetative State Within 3 Years in Relation to Intracranial 
Diagnosis Based on Initial CT Scan* 


No. (%) 


Oana 


Vegetative 
State 
(n = 15) 


intracranial Diagnosis 


Improved 
Survivors 
(n = 49) 











* Classification of intracranial diagnosis followed previously described guidelines.” CT indicates computed to- 
mography. 


of VS (ie, improved vs PVS/dead). This 
analysis disclosed that neither age, pu- 
pillary reactivity or swelling on comput- 
ed tomography were sufficiently predic- 
tive of outcome to be selected for entry 
(P<.01) in a regression equation. Fur- 
ther analysis disclosed a nonsignificant 
trend of more frequent complications in 
the PVS patients compared with pa- 
tients who regained consciousness. 
These findings include posttraumatic 
hydrocephalus (38% in PVS compared 
with 24% of improved patients), sei- 
zures (13% vs 10%), and inappropriate 
secretion of antidiuretic hormone (7% 
vs 4%). Diabetes insipidus occurred in 
18% of the patients who improved and in 
no patient who remained vegetative. 
Table 8 shows the distribution of in- 
tracranial diagnosis based on the initial 
computed tomographic sean in the PVS 
patients, patients who improved, and 
those who died. It is seen that more than 
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90% of the PVS patients and patients 
who regained consciousness had abnor- 
mal computed tomographic scans. Dif- 
fuse injury with brain swelling was the 
most common intracranial diagnosis in 
both groups of survivors. The clearest 
distinctions seen in Table 8 are the 
greater observed percentage of uncom- 
plicated diffuse injury among patients 
who regained consciousness as opposed 
to the more frequent brain swelling 
complicating diffuse injury among the 
PVS patients. Patients who died were 
distinguished primarily by the higher 
observed percentage of evacuated mass 
lesions. There was no significant associ- 
ation between intracranial diagnosis 
and recovery froma VS. 


COMMENT 
Despite state-of-the-art neurosurgi- 


cal management of severe closed-head 
injury, 14% of the TCDB cohort (exclud- 


ing gunshot wounds and patients who 
were brain dead on admission) were dis- 
charged from a center hospital ina VS. 
This proportion of vegetative patients, 
which was comparable across the four 
TCDB centers, slightly exceeded the 
10% rate of VS obtained from the Inter- 
national Coma Data Bank 1 month after 
severe injury.’ In this study, patients 
discharged in a VS had longer hospital 
stays than conscious survivors, thus 
ruling out the possibility that early 
transfer to a rehabilitation hospital con- 
tributed to our findings. In contrast to 
the International Coma Data Bank,’ the 
age of vegetative survivors did not dif- 
fer from patients who were conscious at 


the time of discharge from a TCDB hos- | 


pital, although both groups were youn- 
ger than hospitalized patients who died 
from their injuries. 

Analysis of the clinical features dis- 
closed that the VS group had lower GCS 
scores and more frequently exhibited 
nonreactive pupils than conscious survi- 
vors. The severity of impaired con- 
sciousness and the frequency of pupil- 
lary abnormalities among the 
vegetative survivors approximated the 
findings in patients who died before dis- 
charge. In contrast, the intracranial 
pressure values did not differentiate the 
conscious survivors from the patients 
discharged in a VS. A review of the 
intracranial diagnosis, based on the 
computed tomographic scan and surgi- 
cal findings, disclosed that diffuse inju- 
ry associated with brain swelling or 
shift of midline structures tended to 
most clearly differentiate the VS pa- 
tients from conscious survivors. How- 
ever, even this distinction was limited 
by considerable overlap (Table 8). 

Following discharge in a VS, 52% of 
the TCDB patients with follow-up data 
recovered consciousness by 1 year and 
58% had improved by the 3-year follow- 
up interval. Notwithstanding the nine 
patients (10% of our cohort) for whom 
follow-up data were unavailable, our 
findings are in close agreement with a 
recent study by Sazbon and Gros- 
wasser who reported that 54% of 
closed-head-injured patients eventual- 
ly regained consciousness after a 1- 
month duration of “prolonged unaware- 
ness,” which appeared to be 
functionally equivalent to VS. Although 
only 42% of the VS patients in the Inter- 
national Coma Data Bank improved 
within 1 year after injury,’ the patient 
characteristics in this cohort differed 
from the TCDB patients who were dis- 
charged ina VS. Our patients tended to 
be younger than the posttraumatic VS 
group studied by Braakman et al.” Ac- 
cordingly, age was prognostic of recov- 
ery from VS in the International Coma 
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Data Bank but not in our cohort. In 
addition, the TCDB deleted the eligibil- 
ity requirement of 6 hours of coma that 

_had-been used in the International 
Coma Data Bank. 

“Taken together with previous longi- 
< tudinal studies of outcome of posttrau- 
“matic VS,“ our findings indicate that 
-recovery from a VS is most likely to 
occur during the first year as only 6% of 

the patients followed up improved be- 
tween the first and second years. Al- 
though our data do not exclude the pos- 
sibility of vegetative patients regaining 
consciousness after the second year, im- 
provement at such a late stage must be 
>. regarded as a rare event.*® In this 
) study, analysis of demographic and neu- 
< Yologic features failed to identify any 
useful prognostic indicators of recovery 
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from VS. The article by Braakman et alf 
stated that recovery from VS could be 
predicted by the combination of age and 
pupillary reactivity to light, and the 
best motor response received no sup- 
port from our analysis of the TCDB nor 
were we able to confirm the prognostic 
features identified by Sazbon and Gros- 
wasser.’ In contrast to the lack of pre- 
dictors of recovery from VS, analysis of 
the TCDB disclosed that the lowest post- 
resuscitation GCS score and pupillary 
reactivity were predictive of neurobe- 
havioral outcome at 1 year after injury 
in conscious survivors.” 

Based on the experience of the 
TCDB, we postulate that a physiologic 
measure such as the regional cerebral 
metabolic rate for glucose and cerebral 
blood flow may be more useful in pre- 
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The Influence of Gender on the Susceptibility to 
Multiple Sclerosis in Sibships 


‘Adele D. Sadovnick, PhD; Dennis E. Bulman, MSc; Lara Hashimoto; Marie B. D'Hooghe, MD; George C. Ebers, MD 


è A population-based study of pairs of rel- 
atives (siblings, second- and third-degree) 
concordant for multiple sclerosis did not 
_show an excess of like-sexed pairs. In addi- 
tion, data on human lymphocyte antigen typ- 
“Ing for sibling pairs concordant for multiple 
< sclerosis did not find an increase in haplo- 
type sharing for like-sexed pairs. These data 
‘do. not support the notion that sex-related 
“factors influence multiple-sclerosis suscep- 
tibility in families. 
(Arch Neurol. 1991 ;48:586-588) 


Miltirle sclerosis (MS) is one of the 

most common causes of neurologi- 

eal disability in young adults and is char- 

acterized by variable clinical features. 

In Canada, it has been shown that the 

; prevalence of MS exceeds 1 per 1000 

population. 8 Although the cause of MS 

remains unclear, there is increasing evi- 

dence that genetic factors play an im- 

` portant, if not essential, role in disease 
susceptibility. ** 

It appears likely that a significant 
portion of MS susceptibility is polygen- 
ic.’ One susceptibility gene may be 
linked to histocompatibility antigen 
(HLA), and others are suspected.’ Re- 
“cent evidence suggests that both a and 
B chains of the T-cell receptor may also 
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be associated with MS, both ona popula- 
tion basis and, for the B chain, in sibling 
pairs.” Another susceptibility factor 
may be sex-related since MS occurs in 
women approximately twice as often as 
in men and sex may interact with 
HLA.” In systemic lupus erythemato- 
sus where a female-to-male ratio of 10:1 
exists, it has been shown that sex and 
HLA may interact.” 

Weitkamp” suggested that the gen- 
der of an MS patient may have a modify- 
ing role in MS susceptibility by interact- 
ing with other factors, such as products 
of the HLA supergene (the HLA-A3, 
-B7, -DR2 haplotype is strongly associ- 
ated with MS*”), Evidence presented 
by Weitkamp” in support of this hypoth- 
esis was that relatives (siblings, second- 
and third-degree) concordant for MS 
were like-sexed more often than expect- 
ed by chance. 

In the present study, we report ob- 
servations from two geographically 
based Canadian MS clinies located in 
London, Ontario, and Vancouver, Brit- 
ish Columbia. The populations of these 
two regions largely consist of individ- 
uals of northern European ancestry, es- 
pecially from the British Isles. Using 
data on index cases and their relatives, 
we attempted to replicate Weitkamp’s™ 
observations. 


PATIENTS, MATERIALS, AND METHODS 


The study population consisted of 3046 
consecutive, unrelated MS” patients attend- 
ing the clinics in London (N = 1400) and Van- 
couver (N= 1846). Whenever possible, re- 
portedly affected relatives of patients with 
index cases were also examined at one of the 
clinies. If this was impossible, a clinic neu- 
rologist reviewed relevant clinieal and/or au- 


topsy reports prior to accepting the relative 
as having MS accor ding to present-day diag- 
nostic criteria." 

Data on nine sibships with three siblings 
having MS and one sibship with five affected 
siblings were examined separately. 

Pairs of relatives were divided into the 
following three groups: (1) male-male pairs, 
(2) female-female pairs, and (3) male-female 
pairs. “Expected” values for the distribution 
of “like-sexed” or “unlike-sexed” sibling 
pairs were calculated from the total number 
of affected male and female subjects in the 
study population, assuming a random distri- 
bution. The data were analyzed for sibling 
pairs, second-degree relatives (aunt/uncle; 
niece/nephew; grandparent/grandchild), and 
first cousins. Parent/child pairs concordant 
for MS were examined as a separate study 
population.” Data on HLA typing were com- 
piled by combining previously published 
results. 

Data on pairs of relatives were analyzed 
using 2x2 contingency x’ analyses. The 
methodology for HLA typing and the caleula- 
tion of the expected distribution of haplotype 
sharing among siblings have been described 
elsewhere. Differences were considered 
significant at the 5% (P<.05) level. 


RESULTS 
Sibling Pairs 


Comparison of the Distribution of Like- 
Sexed and Unlike-Sexed Pairs.—A total of 
138 concordant sibling pairs (excluding twins 
and sibships with three or more siblings with 
MS) were identified from the clinie popula- 
tions in London (N=62) and Vancouver 
(N = 76). There were a total of 83 like-sexed 
pairs (16 male-male; 67 female-female) and 55 
unlike-sexed pairs. The distribution of male- 
male, female-female, and male-female sib- 
ling pairs did not, differ significantly between 
the two clinics (x° = 3.95, df= 2; P>.05), Data 
from both clinics were, ‘therefore, combined 
for subsequent analyses. As shown in Table 
1, the observed number of like-sexed sibling 
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pairs was not significantly different than ex- 
pected (x°= 0:62, df= 1; P>.05). 

Among the siblings concordant for MS, 
there were 189 female and 87 male subjects 
with a female-to-male ratio of 2.1:1. This ra- 
tio is similar to the 2:1 ratio observed in the 
clinic populations. " 

As seen in Table 1, the nine sibships with 
‘three siblings concordant for MS consisted of 
14 female and 13 male subjects with a female- 
to-male ratio of 1.1:1. In one family, there 
were five siblings with MS (three were fe- 
male and two were male) with a female-to- 
male ratio of 1.5:1. 

HLA Typing.— Data on HLA typing were 
available for 48 concordant sibling pairs for 
whom unequivocal haplotypes were de- 
rived™” from the London clinic. As shown in 


~ Table 2, the data did not differ from the 


“expected distribution for female-female 
pairs Of =2,43, df=2; P>.05), male-male 
pairs: oč =), 38, df=2; P>.05), or female- 
male pairs (X° = 2.05, df= 2; P>.05). 


Second-Degree Relative Pairs 


From the Vancouver clinic, data were 
available for 70 pairs of second-degree rela- 
tives concordant for MS. As shown in Table 
3, the observed number of like-sexed sibling 
pairs was not significantly different from ex- 
pected (x°=0.009, df=1; P>.05). The fe- 
male-to-male ratio for second-degree rela- 
tives concordant for MS was 1.9:1 (92 female 
and 48 male subjects), not significantly dif- 
ferent from the 2:1 ratio for the clinics.” 


First-Cousin Pairs 


From the Vancouver clinic, data were 
available for 64 pairs of first cousins concor- 
dant for MS. As shown in Table 3, the ob- 
served number of like-sexed sibling pairs 
was not significantly different from expected 
(x =2.59, df= 1; P>.05). The female-to-male 
ratio for first cousins concordant for MS was 
2.0:1 (85 female and 43 male subjects), not 
significantly different from the 2:1 ratio for 
the clinics. ' 


COMMENT 


It has been proposed by Weitkamp" 
that gender is a risk factor for MS sus- 
ceptibility, either independent of or in- 
teractive with other disease susceptibil- 
ity genes. If sex is related to disease 
susceptibility, affected relatives would 
be more likely to have susceptibility 
genes identical by descent and the inter- 
action between these genes and sex may 
be hypothesized to result in a higher 
proportion of like-sexed concordant rel- 
atives than predicted, based on the fre- 
quency of male and female subjects in 
the study population. Weitkamp" sup- 
ported this view by showing that con- 
cordant pairs of relatives were more of- 
ten like-sexed. However, his study is 
open to criticism as ascertainment was 
suboptimal and consisted of a literature 
review for the years 1896 through 1981 
‘inclusive. Publication itself introduces 
selection biases,‘” and the hazards of 
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Source NM-M 


Table 1.—Sex Distribution Among Sibling Pairs Concordant for MS* 


Sibling Pairs Subjects 
aeee eeen, preamen anaman 
M-F F-F M F 


Total No.of 











Sibships With Two Siblings Concordant for MS 























London, Ontario, clinic 10 27 25 47 
Vancouver, British Columbia, clinic 6 28 42 40 
Total 16 55 67 87 








Expected No.t 






London, Ontario, clinic 2 


Sibships With Three Siblings Concordant for MS 






2 (2M; 1F) 2 











Vancouver, British Columbia, clinic 
Total 

















3 (1M; 2F) 
5 











*MS indicates multiple sclerosis; M, male; and F, female. a 
tThe expected values represent the binomial distribution predicted from the frequency of each sex, as de F 


termined by the total number of M and F. 


No. of 
Shared 
Haplotypes 


Observed Expected 


Observed 


Expected Observed Expected - 





1.5 


5.25 





3.0 


10.50 





1.5 


§.25 





“MS indicates multiple sclerosis; M, male; and F, female. 


Table 3.—Sex Distribution Among Second-Degree Relative and First-Cousin Pairs 
Concordant for MS * 


Sibship Pairs 


Variables M-F 


Totai No. 
of Subjects 


F-F M 





Second-Degree Relatives 


Observed No. 


30 





Expected No.t 


Observed No. 


30.2 





Expected No.t 





“MS indicates multiple sclerosis; M, male: and F, female. 


tThe expected values represent the binomial distribution predicted from the frequency of each sex, as de- 


termined by the total number of M and F. 


this type of ascertainment were recog- 
nized by Weitkamp. As our study group 
was identified from two large, popula- 
tion-based MS clinics, ascertainment bi- 
ases with regard to the sex of affected 
relatives are minimal. In addition, in the 
present study, all patients and their rel- 
atives were thoroughly assessed and as- 
signed a diagnosis according to stan- 
dard, recognized criteria,” impossible 
ina literature review. Finally, an excess 
of concordant, like-sexed sibling pairs 
does not necessarily imply a genetic 
mechanism since such pairs may, in fact, 
have more environmental sharing com- 
pared with unlike-sexed siblings.” 

However, it must be noted that unlike- 
sexed siblings of MS patients still have a 
significantly greater risk to develop the 


disease compared with the general pop- 
ulation,’ thus providing more evidence 
for a possible interaction between ge- 
netic susceptibility and environmental 
sharing.” Although the data are de- 
rived from multiplex sibships, the find- 
ings may be equally applicable to both 
familial and nonfamilial MS, since no 
differences have yet been found be- 
tween familial and sporadic cases.” 
Data from the present study do not 
support the finding of Weitkamp." An 
excess of like-sexed pairs was not ob- 
served among siblings, second-degree 
relatives, and first cousins concordant 
for MS. Our data on parent-child pairs, 
identified from the same clinic popula- 
tions and presented elsewhere,” are in 
agreement with those of Weitkamp in 
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that they do not show an excess of like- 

“sexed pairs. In fact, our data show a 
definite paucity of father-son pairs, 
whereas the number of mother-daugh- 
ter, father-daughter, and mother-son 
pairs occur as expected, based on the 
female-to-male ratio among MS 
patients. 

Weitkamp" also reported an increase 
in HLA haplotype sharing in female- 
female sibling pairs concordant for MS. 
The data on HLA typing presented in 
this article, an extension of an earlier 
report,” do not substantiate Weit- 
kamp’s observations. It is, however, of 
interest that in lupus erythematosus, a 
disease with a high preponderance of 
female patients, male patients show a 
significant increase in the frequency of 
HLA-B8 compared with control sub- 
jects,” suggesting that the suscepti- 
bility threshold in the relatively resis- 
tant male subject is raised by the 
presence of HLA-B8 DR3. In MS, asex- 
related HLA association has been re- 
ported (data from London), with female 
patients having a significantly higher 
frequency of DR2 compared with male 
patients and female control subjects.” 

In general, there is a female sex pre- 
ponderance among MS patients. In con- 
trast to the data presented by Weit- 

< kamp,” ours do not indicate a difference 
‘in the female-to-male ratio between the 
' general clinic populations and sibships 
~ with two affected members, second-de- 
gree relatives, or first cousins concor- 
dant for MS. Although the numbers are 
small, a decreased female-to-male ratio 
(1.1:1) was observed in the nine sibships 
with three affected members, but the 
one family with five affected siblings 
consisted of three female and two male 
members with a female-to-male ratio of 
1.5:1. The influence of the female sex on 
MS susceptibility may have a parallel in 
experimental allergic encephalomyeli- 
- tis, of which the clinical manifestations 
are limited to juvenile female subjects in 
the resistant strain-2 guinea pigs.” This 
finding is consistent with the effect of 
sex on immune responsiveness in this 
increasingly relevant animal model. 
Grufferman and coworkers” re- 
viewed the literature on Behcet's dis- 
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ease, Hodgkin's disease, and sarcoid- 
osis and found evidence for increased 
sex concordance among affected sibling 
pairs. These data were compared with 
the findings of Weitkamp. “ The paucity 
of concordant conjugal pairs compared 
with concordant sibling pairs for these 
four diseases suggests that if shared en- 
vironmental exposures play a role in 
family aggregations, these would have 
to occur during childhood or adoles- 
cence.” It is possible that gender influ- 
ences susceptibility on more than one 
level, as is seen in several animal models 
of spontaneous autoimmune disease.” 

In summary, our data do not provide 
evidence for a relationship between sex 
and disease susceptibility in relatives 
concordant for MS. 
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Incidence and Prevalence of Amyotrophic Lateral Sclerosis 
in Harris County, Texas, 1985-1988 


John F: Annegers, PhD; Stanley Appel, MD; Ju Ruey-Jiuan Lee, MPH; Penny Perkins, MPH 


è The incidence of amyotrophic lateral 
sclerosis was determined in Harris County, 
Texas, for the period 1985 through 1988. 
Amyotrophic lateral sclerosis cases were as- 
certained from four sources: area neurolo- 
gists, hospitals, death certificates, and the 
Muscular Dystrophy Association. The age- 
adjusted incidences of 1.27 per 100 000 per- 
son-years in males and 1.03 per 100 000 per- 
Son-years in females were lower than recent 
rates in the northern US, Canadian, and 
northern European studies but higher than 
rates in southern European studies. Compar- 
isons with other recent incidence studies 
show less uniformity in occurrence of amyo- 
trophic lateral sclerosis, in both the overall 
rates and in the age- and sex-specific pat- 
terns, than was suggested by mortality stud- 
ies. The incidence of amyotrophic lateral 
sclerosis among blacks and whites was simi- 
lar. Hispanic males had incidences similar to 
white males, although a deficit of female His- 
panic cases was found in Harris County. The 
prevalence of amyotrophic lateral sclerosis 


» peaked in the 65- to 74-year age group at 33 
-per 100 000 population among males and 19 


per 100 000 population for females. 
(Arch Neurol. 1991 ;48:589-593) 


myotrophic lateral sclerosis (ALS) 

is a progressive disorder of the ner- 
vous system that causes degeneration 
in both upper and lower motor neurons 
and is characterized by muscular weak- 
ness with atrophy, fasciculations, and 
labioglossopharyngeal paralysis. Amyo- 
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trophic lateral sclerosis is uncommon 
under the age of 40 years, and the inci- 
dence progressively increases to at 
least the age of 70 years, beyond which 
age most studies show a leveling off or a 
declining incidence. The clinical course 
results in death within 5 years from on- 
set in over 80% of cases. For some time, 
worldwide mortality rates of ALS have 
shown a strikingly uniform pattern with 
the exceptions of several foci of ex- 
tremely high endemicity in the western 
Pacific. More recent mortality and inci- 
dence studies have tended to demon- 
strate greater population variations and 
a possible secular increase in occur- 
rence. A trend of increasing ALS death 
rates has been reported from France,’ 
Finland,” Seotland,’ and the United 
States’ over the past generation. Mor- 
bidity studies in Nova Scotia,’ Minneso- 
ta, Scotland,’ and Israel* have also sug- 
gested a secular increase in incidences. 
However, it is not known to what extent 
that increase is real or an artifact of 
more complete case ascertainment. 

The purpose of this study was to de- 
termine the incidence and prevalence of 
ALS in Harris County, Texas, for the 
period 1985 through 1988, and to com- 
pare these findings with other popula- 
tions. This population differs from other 
populations where the incidence of ALS 
has been determined in several major 
ways. Harris County, which includes 
the city of Houston, is a large urban 
center with an estimated average popu- 
lation (1985 through 1988) of 2 937 875. 
The city is multiethnic, with 62% of the 
total population northern European 
white, 19% black, and 19% Hispanic. 
Harris County has been at the heart of 
the United States petrochemical indus- 
try over the last 50 years. Harris Coun- 
ty, located on the Gulf Coast, has a sub- 


tropical climate, which allows 
latitudinal comparisons with previous. 
studies. 





SUBJECTS AND METHODS 


The study population consisted of Harris 
County residents during the period 1985 
through 1988. Cases were ascertained from 
four sources: (1) Harris County hospitals; (2). 
neurologists practicing in Harris County and 
adjacent Galveston County, Texas; (3) the 
Muscular Dystrophy Association; and: (4) 
death certificates from the Texas Depart- 
ment of Health. Letters were sent to the 149 
neurologists who were listed with the Texas 
Board of Medical Examiners (May 1988) and. 
the 65 hospitals, listed with the Greater. 
Houston Hospital Council, that serve the 
adult population in the county. l 

Each hospital contact was asked to gener- 
ate a computer list of discharges during the 
study period with the International Classifi- 
cation of Diseases, Ninth Revision, Clinical 
Modification (ICDA-9-CM) code 335.2. If 
this was not possible, monthly microfilm and 
computerized disease indexes were re- 
viewed to obtain the names of patients dis- 
charged with the disease code of interest. Of 
the 65 hospitals contacted, 61 participated, 
Three of the four nonparticipating hospitals 
did not have adequate computer capabilities 
to obtain names by discharge diagnosis, and 
the other ceased operation in 1988. The non- 
participating hospitals listed the numbers of 
operational beds as 50, 114, 191, and 320. 

Of the 149 Harris and Galveston County 
neurologists, 101 participated in the study, 
32 refused, and 16 had moved out of state or 
could not be located. Participation was de- 
fined as either supplying us with names of 
cases, stating that no cases of ALS had been 
seen during the study period, or stating that 
all cases of ALS were referred to a partici- 
pating neurologist. Two participating neu- 
rologists who specialize in ALS provided ex- 
tensive computer lists of the patients seen 
during the study period. Almost half of the 
nonparticipating neurologists (15 of the 32) 
practiced in Galveston County. One of these 
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-Fig 1.—Amyotrophic lateral sclerosis sources of independent case ascertainment, Harris County, 
“Texas, 1985 through 1988. MDA indicates Muscular Dystrophy Association. 


“\Fig 2.—Amyotrophic lateral sclerosis sources of diagnostic information on 97 incidence cases, 
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neurologists stated that, to his knowledge, 
all patients from Harris County with ALS 
would also have been seen by neurologists in 
Harris County. 

The Muscular Dystrophy Association dis- 
seminates information about ALS and as- 
sists patients with diagnosis and follow-up 
care at Muscular Dystrophy Association clin- 
ies. Muscular Dystrophy Association records 
were reviewed for patients with ALS who 
applied for assistance or were on the current 
or inactive mailing lists. Patient files were 
reviewed for the names of the attending neu- 
rologists. The neurologists were then con- 
taeted for additional information on the case 
to complete the abstract form and substanti- 
ate the diagnosis. Death certificates were 
obtained from the Texas Department of 
Health for deaths between January 1985 and 
December 1989. Search specifications were 
for certificates with causes of death due to 
ALS UCD-9-CM 335.2). 

Criteria for qualification as an incident 
case were an initial diagnosis of ALS among 
Harris County residents between 1985 and 
1988. Prevalent cases were of those patients 
alive and residing in Harris County on Janu- 
ary 1, 1989. Addresses were checked with 
the Houston and Harris County Atlas as well 
as the Polk Directory and the Southwestern 
Bell telephone directories when necessary. 
Clinical information was abstracted from the 
medical records. Physician diagnosis of ALS 
was substantiated by patient history and 
physical examination, electromyogram re- 
sults, muscle biopsy specimen analysis, 
death certificate, and autopsy findings. Pa- 
tients with clinical findings more consistent 
with other motor neuron diseases, eg, prima- 
ry lateral sclerosis, progressive muscular at- 
rophy, or polyneuropathy, were excluded. If 
the diagnosis was. uncertain owing to an atyp- 
ical clinical presentation, coexisting medical 
conditions, or conflicting diagnoses of two or 
more neurologists, the completed abstract 
forms were reviewed by the study neurolo- 
gist (S.A.) for final determination of case 
status. Harris County population estimates 
for each year from 1985 through 1988 were 
obtained from projections by the Texas De- 
partment of Health. The estimates were pro- 
vided by age, sex, and ethnicity. Age-adjust- 
ed rates and age- and sex-adjusted rates 
were calculated using the 1970 US population 
as the standard. Ninety-five percent confi- 
dence intervals (CIs) were calculated assum- 
ing a Poisson distribution.” The cumulative 
risks for Harris County and other popula- 
tions were computed from the age-specific 
rates.to the age of 80 years using the density 
method.” 


RESULTS 


A total of 97 incident cases. of ALS 
diagnosed from 1985 through 1988 were 
identified. Of these, 62 were indepen- 
dently ascertained from neurologists, 
76 from hospitals, and 49 through death 
certificates (Fig 1). The proportion from 
death. certificates was lower than the 
80% of patients with ALS who die of 
ALS because some of the incidence pa- 
tients were still alive. All 47 of the inci- 
dence cases ascertained from the Mus- 
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cular Dystrophy Association (not shown 
in Fig 1) were also independently ascer- 
tained from at least one other source. 
Ten cases were independently ascer- 
tained solely through death certificates, 
11 solely from hospital admissions, and 
nine solely through neurologists. 

After initial ascertainment, addition- 
al information from other sources was 
obtained from hospitalizations, neurol- 
ogy outpatient visits, or death certifi- 
cates. Figure 2 presents the sources of 
diagnostic information obtained 
through all sources. A hospitalization, 
which usually included an inpatient neu- 
rologic examination, was identified for 
85 of the patients. An outpatient neuro- 
logic. evaluation was obtained for 72 


“eases and a death certificate for 54. 


Among those who died, autopsy confir- 
mation was obtained on 20. The diagno- 
sis was based solely on death certificate 
information for one patient, on outpa- 
tient neurologic evaluation for five pa- 
tients, and on hospitalizations for 
seven, 

The crude incidence of ALS for both 
sexes combined for 1985 through 1988 
was 1.10 per 100 000 person-years (95% 
CI, 0.90 to 1.35), and the age- and sex- 
adjusted incidence was 1.14 per 100 000 
person-years (95% CI, 0.93 to 1.40). The 
age-adjusted incidence for males was 
higher than for females, 1.27 per 100 000 
person-years (95% CI, 0.95 to 1.69) and 
1,03 per 100 000 person-years (95% CI, 
0.075 to 1.38), respectively. The age- 
specific incidence for males reached five 
per 100000 person-years in the 55- to 
64-year-old age group and remained 
similar in older age groups (Table 1). In 
females, the rates peaked in the 65- to 
74-year-old age group. Although the 
rates are low under the age of 45 years, 
the Harris County rates and proportion 
of younger cases are higher than those 
generally reported: 14% of the cases 


¿+ were diagnosed in patients under the 


age of 45 years. An inspection of these 


cases did not show a clustering by resi- 
dency or occupation, and none of these 
were among the two familial incidence 
cases. The 14 younger cases were dis- 
proportionately black (five cases) com- 
pared with whites (eight cases) and His- 
panics (one case). 

The age-adjusted rates were similar 
for males in all ethnic groups. The rate 
was 1.36 per 100 000 person-years (95% 
CI, 0.96 to 1.87) among white males, 
1.10 per 100 000 person-years (95% CI, 
0.48 to 2.17) for black males, and 1.27 
per 100 000 person-years (95% CI, 0.41 
to. 2.96) for Hispanic males. For fe- 


+ males, the adjusted rates were 1.25 per 


100 000: person-years (95% CI, 0.88 to 
1.72) among whites, 0.70 per 100000 
person-years. (95% CI, 0.28 to 1.44) 
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Table 1.—Age-Specific Incidence by Gender, Harris County, Texas, 1985-1988 









Male Female Total 




















































































Age, y Cases Rate* Cases Rate * Cases Rate’. 
18-24 2 0.21 o 0.00 2 0.11 
25-34 6 0.44 1 0.08 7 0.27 
35-44 1 0.10 4 0.44 5 0.26 
45-54 8 1.44 7 1.30 15 1.37 
19 5.28 11 2.91 30 4.07 
65-74 9 5.02 18 7.28 27 6.33 
6 5.68 5 2.96 "1 4.01 
Crude 51 1.14 46 1.05 97 1.10 
Age adjustedt 1.27 1.03 1.15 
95% confidence interval 0.95-1.69 0.75-1.38 0.94-1.41 


* Rate per 100000 person-years. Harris County population estimates for 1985-1988 published by Texas De- 
partment of Health. 
+1970 US total as standard. 


Table 2.—Age-Adjusted Incidence by Gender, Comparison With Other Studies Vay 


Cumulative 
incidence 





Study Rate* 95% Cit Riskt 















Male 




























Harris County, Texas, 1985-1988 1.27 0.95-1.69 0.0015 ; 
Minnesota, 1925-1984’ 2.91 1.83-4.40 1:2630 4 
Middle Finland, 1976-1981" 2.04 1.14-3.37 0,0023 1:435. 





Israel, 1959- 1974° 0.93 Not computable 0.0011 1:909. S 
0.90 


Messina, Italy, 0.61-1.27 0.0010 1:1000 
1976-1985'? 


Florence, italy, 1967-1976" 
Ferrara, Italy, 1964-1982" 
Mexico, 1962-1969'° 

















0.50-0.91 
0.41-2.90 
0.10-0.72 





0.0008 







1:1260} 





1:8461 






Female 


Harris County, 1985-1988 1.03 0.75-1.38 0.0013 1:769 











































Minnesota, 1925-19847 1.89 1.18-2.85 0.0025 1:400 
Middle Finland, 1976-1981" 2.29 1.42-3.51 

Israel, 1959-1974° 0.56 Not computable 

Messina, 1976-1985"? 0,22 0.10-0.43 0.0002 1:5000 
Florence, 1967-1976" 0.47 0.33-0.64 0.0005 

Ferrara, 1964-1982" 0,34 0.20-0.55 0.0004 

Mexico, 1962-19695 0.46 0.30-0.82 0.0002 





* Rates per 100000 person-years, 1970 US total population as standard. 
+CT indicates confidence interval. 
Computed using incidence density method (to age 80 years). 


Table 3.—Prevalence by Age and Gender, Harris County, Texas, January 1, 1989 


Male Female Totai 
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Age, y Cases Prevalence” Cases Prevalence’ Cases Prevalence* 
15-24 1 0.42 0 0.00 1 0.21 
25-34 § 1.39 0 0.00 5 0.75 
35-44 2 0.75 6 2.45 8 1.57 
45-54 4 2.76 5 3.80 9 3.17 
55-64 10 10.90 8 8.31 18 9.58 
65-74 15 32.72 12 18.88 27 24.68 
275 2 7.05 0 0,00 2 2.77 
Crude 39 3.33 31 2.74 70 3.04 
Age adjustedt 3.91 2.61 3.12 
95% confidence interval 2.78-5.34 1.76-3.70 2.45-3.97 


* Prevalence per 100000 population. Harris County population estimates for 1989 published by Texas De- 
partment of Heaith. 
+1970 US total as standard. 
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among blacks, and only 0.08 per 100 000 
person-years (95% CI, 0.002 to 0.46) 
“among Hispanics. The rate for Hispanic 
females, however, was based on only 
one case. The numbers of Hispanic and 
black cases were too small to make 
meaningful age-specific comparisons. 
The cumulative incidence of ALS to 
the age of 80 years for Harris County in 
the period 1985 through 1988 was 0.0015 
= for males and 0.0013 for females (Table 
2). Translating this into disease odds, 
the risk of acquiring ALS to the age of 80 
--years in Harris County is 1:667 for 
males and 1:769 for females. 

There were 70 prevalent case of ALS 
in Harris County on January 1, 1989 
(Table 3). The overall crude prevalence 
was 3.04 per 100000 population (95% 
Cl, 2.39 to 3.86). The crude prevalence 
for males was 3.33 per 100 000 popula- 
tion (95% CI, 2.37 to 4.53) and for fe- 
males, 2.74 per 100 000 population (95% 
Cl, 1.86 to 3.89), The age- and sex-spe- 
cific prevalences presented in Table 3 
rise rapidly to the age of 65 to 74 years 
and then decline among the elderly. 


COMMENT 


The age-adjusted and cumulative in- 
cidence of ALS from worldwide studies, 
which provided the necessary age- and 
sex-specific information to adjust to a 
common standard, are presented in Ta- 
ble 2."°"'" The age-adjusted rates in 
Harris County are intermediate among 
these, being higher than rates in south- 
ern Europe but somewhat lower than 
those in northern Europe and Roches- 
ter, Minn. Although insufficient infor- 
mation is presented in three other re- 
cent northern US and Canadian studies, 
to adjust to a common standard, the 
erude incidences in these populations 
(Lehigh, Pa, 1.52"; southwestern On- 
tario, 1.63"; and Nova Scotia, 1.95 per 
100 000 person-years’) are all considera- 
bly higher than in Harris County. 

The large variation in the frequency 
of ALS in these studies is illustrated by 
the odds of ALS developing to the age of 
80 years given the reported age- and 
gender-specific rates and survival to 
that age. For males, the risk is 1:263 in 
Rochester, 1:435 in Finland, and 1:667 
in Harris County, while risks in Medi- 
terranean populations were on the or- 
der of 1:1000. For females, the risks are 
lower in each population except Fin- 
land, where the risk is about 1:400 for 
both males and females. The age- and 
sex-specific incidences in Figs 3 and 4 
show differing patterns from the north- 
ern United States (Rochester), south- 
ern United States (Harris County), 
northern Europe (middle Finland), and 
southern Europe (Florence, Italy). In 
males, the Harris County rates are high 
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Fig 3.— Amyotrophic lateral sclerosis incidences by age for males in four studies: Harris County, 
Texas, 1985 through 1988 (squares); Florence, Italy, 1967 through 1976 (diamonds); Rochester, 


Minn, 1925 through 1984 (circles); and middle Finland, 1976 through 1981 (triangles). + 
100 

2 10 eee < 

2 d 

Oo 

Q 

Oo 

er a 

à r 

Q 

w 

© 0.1 
0.01 * 


20 25 30 35 40 45 50 55 60 65 70 75 80 
Age, y 


Fig 4.— Amyotrophic lateral sclerosis incidences by age for females in four studies: Harris County, 
Texas, 1985 through 1988 (squares); Florence, Italy, 1967 through 1976 (diamonds); Rochester, 


Minn, 1925 through 1984 (circles); and middle Finland, 1976 through 1981 (triangles). 


under the age of 45 years but are consid- 
erably lower than Rochester and Fin- 
land rates among older men. Unlike 
most other studies, the Harris County 
rates in males do not decrease with ad- 
vancing age but plateau after the age of 
55 years. The Rochester rates are 
unique in that they inerease progres- 
sively with age. The high incidence in 
males over 75 years old in Rochester, 
however, is based on only seven cases. 
The Harris County rates are higher in 
all age groups than in Florence and oth- 
er southern European populations. *" 
The patterns differ for females in that 
the rates decline in the oldest age group 
in all of the studies. 

Do these patterns represent real re- 
gional differences in the incidence of 
ALS or do they reflect differences in 
case ascertainment? It is possible that 
the low rates from southern Europe are 
due to the reliance on neurologists as 
the sole or major source of case ascer- 
tainment in contrast to the ascertain- 
ment in Rochester, which was based on 
information from all sources of medical 
contact. Because of the size of Harris 


County and the diversity of medical care 
sources, it is possible that case ascer- 
tainment may have been less complete 
than in Rochester and other higher-lati- 
tude North American populations." 
Although there is potentially a greater 
likelihood of missing cases in Harris 


County, the extent to which it occurred 


is presumed to be considerably smaller 
than the regional differences noted. The 
four sources of ascertainment employed 
in this study should have identified pa- 
tients with ALS who were hospitalized, 
seen by a neurologist, on the Muscular 
Dystrophy Association mailing list, or 
dead through 1989. 

If the difference between Rochester 
and Harris County is due to underascer- 
tainment, we would expect the relative 
deficit of cases in Harris County to be 
primarily in the older age groups. El- 
derly cases could be missed because of 
(1) comorbidity, especially dementia 
and cerebrovascular disease, which can 
make the diagnosis of ALS more diffi- 
cult, (2) less frequent referral to neu- 
rologists, and (3) a shorter duration of 
ALS among older patients. The age- 
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Fig 5.—Amyotrophic lateral sclerosis incidence ratio, Rochester, Minn, vs Harris County, Texas. 
For age group below 45 years, there were 14 cases in Harris County and none in Rochester. Solid 
bars indicate males: shaded bars, females. Overall adjusted rate ratios: males, 2.3; females, 1.8; 


and both, 2.0. 


and gender-specific rate ratios between 
Rochester and Harris County (Fig 5) 
show the incidences of ALS to be about 
twice as high in Rochester among fe- 
males in all age groups rather than con- 
fined to the older age groups. The 
Rochester—Harris County incidence ra- 
tio increases with age in males, which is 
more consistent with less complete as- 
certainment of cases among older males 
in Harris County. However, if the dif- 
ference between Rochester and Harris 
County were solely due to underascer- 
tainment, then half of the 1985 through 
1988 Harris County incidence cases in 
all ages and 45% of those aged 45 though 
64 years would have been missed. 
Another explanation for the large dif- 
ference between Rochester and Harris 
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County is that the high rates in Roches- 
ter are the chance result of rates based 
on only 44 cases over a 60-year period. 
However, this is not supported by an 
extension of the published Rochester 
ALS incidence study’ to the remainder 
of Olmsted County, Minnesota, for the 
period 1950 through 1987 and for Roch- 
ester from 1985 through 1987, which 
produces an adjusted rate of 2.1 and 
maintains the same high rates in a dif- 
ferent segment of the Olmsted County 
population (J.F.A and L. T. Kurland, 
MD, unpublished data, 1990). In addi- 
tion, recent Canadian studies report 
crude rates nearly as high as the Roch- 
ester rates in Ontario” and higher in 
Nova Scotia.“ The pattern of the rates in 
the United States and Europe suggests 
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a latitudinal gradient in the incidences 
of ALS. If such a gradient exists, it is 
not as great as that for multiple sclero- 
sis, but there may be latitudinal differ- 
ences on the order of twofold. Thisis one 
of the few studies to evaluate ethnic _ 
differences in the occurrence of ALS. _ 
Although mortality studies have shown. 
lower rates in US blacks than whites," 
this difference has not been evaluatedin 
incidence studies. Our results showsim- _ 
ilar rates in whites and blacks in Harris 
County. However, since there were 
only 14 cases among blacks in Harris - 
County, our results do not rule out a 
modest decrease in blacks compared 
with whites. 
There is some evidence that the inci- 
dence of ALS may be unusually low in 
Mexico. International comparisons : 
show the mortalities in Mexico tobethe 
lowest reported in any country.’ A 
study of the incidence of ALS among 
government employees in Mexico City 
reported a rate of only 0.4 per 100000. | 
person-years,” which led to the specula- 
tion of possible Mexican resistance te 
ALS, The sex-specific findings of the 
Hispanic population in Harris County 
show a deficit in Hispanic females, 
which is the reverse of that in Mexico 
City, where the rate was 0.29 for males. 
and 0.50 for females. Therefore, the 
question of the relative ALS incidence 
between whites and Hispanics remains _ 
unresolved. 
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Estimated Prevalence of Dementia Among Elderly 
Black and White Community Residents 


~ Albert Heyman, MD; Gerda Fillenbaum, PhD; Bea Prosnitz; Kate Raiford, MSW; Bruce Burchett, PhD; Chris Clark, MD 


iie A stratified random sample of 83 black 
and 81 white community residents aged 65 
years and older in a five-county area in the 
Piedmont region of North Carolina was eval- 
uated for dementia, using the Diagnostic and 
Statistical Manual of Mental Disorders, Third 
Edition, and the National Institute of Neuro- 
logical Disorders and Stroke-Alzheimer’s 
. Disease and Related Disorders Association 
+ ¢riteria, Of 164 subjects, 26 were found to be 
“demented, resulting in an estimated preva- 
“fence rate of dementia in the five-county area 
of 16% (95% confidence interval, 7.92 to 
24.08) for blacks and 3.05% (95% confidence 
interval, 0 to 6.91) for whites. The estimated 
prevalence of dementia for white women 
(2.9%) was similar to that for white men 
(3.3%), but the rate for black women was 
> distinctly higher than for black men (19.9% 
and 8.9%, respectively). Blacks were more 
likely than whites to have a history of stroke, 
hypertension, and other chronic disorders 
that might have contributed to the develop- 
.. ment of dementia. Apart from differences in 
rates of institutionalization, no other relevant 
factors were identified that might explain the 
difference in the prevalence of dementia in 
these black and white community residents. 
(Arch Neurol. 1991 ;48:594-598) 


Tre comprehensive survey of preva- 
lence studies of dementia presented 

by Jorm et al in 1987' showed that only 
two of the 47 such epidemiologic studies 
“were concerned with dementia in elder- 
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ly black populations in the United 
States. One of these two studies sur- 
veyed a rural area of Mississippi and 
showed that severe dementia was more 
prevalent among blacks than among 
whites and among women than among 
men.” The other biracial study was con- 
siderably smaller and was conducted 
within an inner area of Baltimore, Md, 
surrounding The Johns Hopkins Hospi- 
tal.” The prevalence of dementia was 
found to be the same in both racial 
groups, but dementia caused by cere- 
brovascular disease tended to be more 
frequent among blacks. Confirmatory 
evidence of racial differences in the 
types of dementia was observed at that 
institution, where 144 patients with 
clinical diagnoses of dementia were au- 
topsied between 1973 and 1986.* Among 
these, blacks had a significantly higher 
frequency of multi-infarct dementia and 
of dementia associated with alcoholism 
than did whites. White patients, on the 
other hand, were found to have Alz- 
heimer'’s disease and Parkinson's dis- 
ease more often than did blacks. 

We describe the estimated preva- 
lence of dementia among black and 
white elderly community residents in a 
five-county area in the Piedmont region 
of North Carolina. A higher prevalence 
of dementia was found among blacks 
than among whites, and also among 
black women than among black men. 
Cerebrovascular disease also appeared 
to be considerably more frequent in 
blacks than in whites, a factor possibly 
related to the increased frequency of 
dementia in the former group. 


SUBJECTS AND METHODS 


Subjects for this study were drawn from 
the sample members of the Duke Established 
Populations for Epidemiologieal Studies of 


the Elderly (EPESE)’ project, a longitudinal 
study of a stratified sample of 4164 communi- 
ty residents aged 65 years and older on whom 
information is obtained annually. 

A four-stage sampling design was used to 
obtain a probability sample of 4164 persons 
aged 65 years or older living in households in 
a five-county region in the Piedmont area of 
North Carolina. In this geographic area 
there were 506 census (1980)-defined prima- 
ry units (eg, blocks, block clusters, and enu- 
meration districts). These primary units var- 
ied in population size. Unequal probability 
replacement sampling, which allows primary 
units to be selected more than once, was 
used. The first sampling selection was made 
from these primary units, and provided 450 
zones of equal population size. These zones 
fell in 332 distinct primary units. 

At the second sampling stage one listing 
unit was selected from each of the 450 zones. 
At the third stage, the housing units within 
the selected listing units were listed 
(n= 26 183), and the expected race (black or 
nonblack) of each housing unit was recorded. 
Since by design Duke EPESE intended to 
oversample blacks (desiring a sample where 
over 50% would be black), the housing units 
were stratified by race. All housing units 
were screened to identify those with elderly 
residents. Finally, at the fourth stage, the 
Kish procedure was used to select one elderly 
person at random from each household in 
which there were residents aged 65 years 
and older. Of 5223 subjects selected for the 
sample, 4164 were successfully interviewed, 
yielding a response rate of 80%. Of these, 
2259 (54%) were black and 1905 (46%) were 
nonblack. The sampling design permits de- 
velopment of weights, which take into ac- 
count age, sex, race, geographic location, 
number of elderly in the household, and non- 
response, so that it is possible to project data 
from the Duke EPESE sample to the same 
age population of the five-county area for 
1986 and 1987, the baseline year when data 
were first collected. 

Information on selected demographic and 
health characteristics of this cohort was ob- 
tained during the baseline EPESE survey.” 
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A brief sereen of cognitive function, the 
Short Portable Mental Status Questionnaire 
(SPMSQ)” was also administered at that 
time. The adjusted score of this measure of 
cognitive function shows little race or educa- 
tion bias. This testing instrument does not 
screen for clinical dementia or distinguish 
between different types of this disorder, It 
should also be noted that persons appearing 
to be cognitively impaired on the basis of this 
instrument are not necessarily demented; 

~ however, persons who are demented are ex- 
pected to be cognitively impaired. 

We capitalized on the availability of the 
SPMSQ scores in the Duke EPESE cohort 
by drawing a sample that would maximize 
the likelihood of locating cases of dementia in 
a manner that would allow the findings to be 
projected to the five-county older popula- 
tion. To facilitate efficient case finding, the 
SPMSQ scores were trichotomized, that is, 
the total EPESE sample was divided into 
persons with seores below the cutoff for cog- 
nitive impairment (in the original standard- 
ization sample,’ scores below the cutoff cap- 
tured half of the demented subjects), those 
with one point better than the cutoff, and 
finally, those with two points better than the 
cutoff. These three groups were then sorted 
by race and, within race, by sex and 5-year 
age group (Figure). Thirty Duke EPESE 
sample members were dropped, since they 
were neither black nor white (ie, Hispanic, 
Asian, and Native American). Eighteen oth- 
ers were also excluded, since their education- 
al level was unknown and their placement on 
the SPMSQ with respect to cognitive impair- 
ment could not be established. The total 
number of persons represented in our study 
was, therefore, 4116. 

We then selected our subjects from within 
each of the SPMSQ/race/sex/5-year age 
groups at random. Within each of the three 
SPMSQ categories we tried to select the 
same number of black men as white men, and 
as many black women as white women, mak- 
ing sure that all 5-year age groups were 
represented. To obtain the desired 164 sub- 
jects (83 black, 81 white), distributed in the 
relevant categories, 222 persons were con- 
tacted. Fifty-eight of these 222 persons de- 
clined. Of the 164 subjects who participated 
in this study, 30% were drawn from the un- 
impaired SPMSQ group, 38% from those 
with one point above the cutoff (hereafter 
called “marginal”) score and 32% from those 
with scores indicating definite cognitive 
impairment. 

A letter was sent to each person selected 
for the study explaining the nature of the 
survey. This was followed by a telephone call 
to arrange for an appointment at the sub- 
ject’s home where interviews were carried 
out by one of two trained members on our 
staff. Arrangements were made for each sub- 
ject and informant to be seen by a neurologist 
(A.H.) at a locally convenient, nonthreaten- 
ing site or, failing that, at home. At the initial 
visit with the respondent, the interviewers 
collected information for a related study on 
the sensitivity and specificity of well-estab- 
lished screens for dementia.’ The results of 

“ these tests and those on the initial survey 

“were not made available to the neurologist. 
-During his examination, the neurologist 

administered a semistructured interview to 
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each of the 164 subjects. A medical and psy- 
chiatric history was obtained, particularly 
for disorders that might be related to demen- 
tia. Specific attention was paid to a history of 
hypertension, stroke and its sequelae, heart 
disease, diabetes, cancer, chronic obstruc- 
tive pulmonary disease, seizures, and other 
neurologic or metabolic disorders. In addi- 
tion, questions were asked regarding excess 
alcohol intake, drug abuse, and cigarette 
smoking. Information was also obtained on 
possible serious head injury. The psychiatric 
history included inquiry into depression and 
its various possible manifestations and into 
previous psychiatric disorders and mental 
retardation. A brief physical and neurologic 
examination was carried out to assess the 
general appearance of the subject, the pres- 
ence of focal motor abnormalities, extrapyra- 
midal signs, gait disorder, myoclonic jerks, 
and other neurologic dysfunctions. Tests 
were made for abnormalities in language, 
motor and constructional praxis, calculation, 
clock drawing, instrumental and physical ac- 
tivities of daily living, and performance on 
the SPMSQ screen. The alertness of the sub- 
ject was assessed. Based on these measures, 
a diagnosis of dementia and, specifically, of 
Alzheimer’s disease was made, using the Di- 
agnostic and Statistical Manual of Mental 
Disorders, Third Edition,’ and the National 
Institute of Neurological Disorders and 
Stroke-Alzheimer’s Disease and Related 
Disorders Association criteria.” The severity 
of the dementia, when present, was rated on 
the Clinical Dementia Rating scale," and fac- 
tors possibly related to the dementing pro- 
cess (eg, cerebrovascular disease, parkin- 
sonism) were also listed. 


RESULTS 


Of 164 subjects examined by the neu- 
rologist (A.H.), 26 were diagnosed as 
having dementia (Table 1). This includ- 
ed 19 blacks (seven men and 12 women) 
and seven whites (three men and four 
women). Of these 26, 19 came from the 
group of 53 subjects whose scores were 
below the SPMSQ cutoff (impaired), 
four from the 62 whose scores were one 
point above the SPMSQ cutoff (margin- 
al), and three from the 49 whose scores 
were two points above the SPMSQ cut- 
off (unimpaired). The last row of the 
Figure shows the SPMSQ classes that 
yielded these 26 demented subjects. As 
expected, almost all of the demented 
subjects (23/26) had SPMSQ scores in 
the definitely or marginally impaired 
range. The fact that three of those with 
unimpaired SPMSQ scores were found 
to have dementia attests to the fact that 
this sereening test may produce false- 
negative results. It is evident that no 
precise cutoff point can be used to en- 
sure the detection of all demented cases 
in a population survey. 

It is also of interest that only seven 
(26.9%) of the 26 white subjects with 
impaired SPMSQ scores were found by 
the neurologist to be demented com- 
pared with 12 (44.4%) of 27 blacks with 








Table 1.—Distribution of Demented 
Subjects 









Black White 











Probable Alzheimer’s 
disease 12 4 
Mixed or multi-infarct 









dementia 5 1 
Systemic cancer or 
brain tumor 2 1 






Parkinson's disease 
Total 






impaired scores in this screening test 
(see lower two rows in the Figure). This 
disparity in the diagnosis of dementia in 
the two racial groups with impaired cog- 
nitive function led us to look for various 
disorders other than dementia that may 
have been present in the blacks and 


whites with 
function. a 

In this regard we reviewed the possi- 
bility of three major conditions related ue 
to cognitive dysfunction in the elderly: 
(1) age-associated memory impairment 
as assessed by the neurologist, and (2) 
depression, and (8) significant impair- 
ment in activities of daily living as as- 
sessed by a close friend or family mem- ` 
ber. The percentages of blacks with’ 
cognitive impairment but without de- 
mentia who had such disorders were 
20.0% for age-associated memory im- 
pairment, 26.7% for depression, and 
40% for activities of daily living com- 
pared with 16.7%, 11.1%, and 55%, re- : 
spectively, in whites. These data would 
not support a conjecture that standards 
for accepting dementia among blacks 
were more lenient than those for 
whites. 

The medical records for all 26 subjects 
were requested from their physicians 
and hospitals. Thirteen (50%) of them 
were found to have been diagnosed as 
having dementia by previous hospital or 
clinic examinations. Of the remaining 13 
subjects, seven were referred to the 
Memory Disorders Clinic of Duke Uni- 
versity Medical Center, Durham, NC, 
for evaluation by a second neurologist 
(C.C.) experienced in the diagnosis of 
dementia. There, a complete neurologie 
examination and a structured neuropsy- 
chologic evaluation were carried out 
along with appropriate laboratory stud- 
ies and magnetic resonance imaging of 
the brain. All seven of these subjects 
were diagnosed as having Alzheimer’s 
disease. Of the remaining six subjects, © 
two died before further evaluation could) 
be carried out, and the remaining four 
could not travel to the clinic because 
either they were confined to nursing 
homes or their dementing disorder was 
too severe. 


impaired cognitive 
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Black 55% 
(2250) 


White 45% 
(1866) 


Screen (SPMSQ) 


Impaired 14% 
(582) 


Black 
(327) 


White 
(255) 


Marginal 14% 
(589) 


Black 
(252) 


Unimpaired 72% 
(2945) 


White 
(337) 


Black 
(1671) 


White 
(1274) 


Coe Fo Coa CQO Ce SQ 


121 206 70 185 


Examined by Neurologist 
10 17 8 18 14 


No. Demented 


88 164 


100 237 582 1089 484 790 


18 #12 18 12 12 13 12 





Estimating prevalence of dementia in five North Carolina counties. Flow chart shows process for 
deriving the stratified random sample from the 4116 black (aged 65 years or more) and white (aged 
65 years or more) subjects screened for cognitive impairment. SPMSQ indicates Short Portable 


Mental Status Questionnaire. 


Among the 26 demented subjects, 
- geven were classified, on the basis of the 
| Clinical Dementia Rating scale,” as 
having severe dementia, eight as mod- 
erate, and 11 as mildly demented. The 
blacks and whites did not differ signifi- 
cantly in their ability to perform instru- 
mental activities of daily living or per- 
sonal self-maintenance tasks. 

The data obtained from the subjects 
selected for neurologic examination 
were weighted to provide estimates of 
the prevalence rates for dementia in the 
black and white population aged 65 
~. years and older in the five-county area. 

The total Duke EPESE sample and the 
subjects in this study were both classi- 
fied into 60 mutually exclusive groups 
on the basis of their SPMSQ scores (im- 
paired, marginal, unimpaired), race, 
sex, and 5-year age categories (65 to 69 
years, 70 to 74 years, 75 to 79 years, 80 
to 84 years, and 85 years and more). The 
weights developed for the total Duke 
EPESE sample not only took into ac- 
count initial nonresponse (based on sex, 
age, and area of residence) but also ad- 
justed for deliberate oversampling of 
= blacks (from 54% in the Duke EPESE 
- sample to 35% in the five-county area). 
. Equivalent sample sizes (that took de- 
_ sign effects into account) were calcu- 
-lated for both the Duke EPESE sample 
and this study. The weighted propor- 
- tion of demented subjects within each of 
the groups in this study was then deter- 
mined. This proportion was then ap- 
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plied to the corresponding weighted 
Duke EPESE sample group to obtain 
the estimated number of demented sub- 
jects in each of the 60 groups into which 
the total sample had been classified. 
Summation across appropriate sub- 
groups yielded estimated numbers, 
which were then converted into popula- 
tion-relevant percentages, separately 
for blacks and for whites, and within 
these groups for men and for women. 
Age-based prevalence estimation is also 
feasible, but was not calculated because 
of the relatively small numbers of de- 
mented subjects ascertained in this 
study. 

Table 1 lists the types and likely 
causes of dementia among the 26 cases. 
Probable Alzheimer’s disease (diagno- 
sis based on the National Institute of 
Neurological Disorders and Stroke- 
Alzheimer’s Disease and Related Disor- 
ders Association criteria),” appears to 
be the most common cause, represent- 
ing 16 of 26 cases. Mixed Alzheimer’s 
disease and cerebrovascular disease or 
multiple strokes alone (multi-infarct de- 
mentia) accounts for an additional six 
demented subjects. Five of these six 
cases were black and one was white. All 
six of them had a history of sudden onset 
of a prior stroke with focal neurologic 
deficits associated with residual evi- 
dence of hemiplegia, aphasia, or other 
cerebrovascular focal signs. Two other 
subjects with dementia had a history of 
systemic cancer, another one had neur- 


olmaging evidence of a large cystic tu- 
mor associated with diffuse, severe at- 
rophy of the cerebral cortex. The 
remaining one of the 26 persons with 
dementia had a history of early-onset 
parkinsonism following encephalitis, 
Definite mental impairment was ob- 
served, which could be related to this 
illness or perhaps to an intracranial sur- 
gical operation for relief of the incapaci- 
tating extrapyramidal manifestations. 
In three of 16 persons with probable 
Alzheimer’s disease, a history was ob- 
tained of secondary cases of dementia 
among their first- or second-degree rel- 
atives, suggesting the possibility of the 
familial type of this illness. 

Table 2 shows the estimated preva- 
lence rates of dementia weighted to rep- 
resent the elderly population (aged 65 
years or older) in the five-county area. 
The estimated prevalence rate of de- 
mentia was 8.9% for black men, 19.9% 
for black women, 3.3% for white men, 
and 2.9% for white women. The overall 
estimated prevalence rates for blacks 
and whites were 16% (95% confidence 
interval, 7.92 to 24.08) and 3.05% (95% 
confidence interval, 0 to 6.91), respec- 
tively. Because of the small sample 
sizes, the standard errors and confi- 
dence intervals are large and interpre- 
tation of the data should be cautious, 
particularly for the marked differences 
observed in prevalence by gender in the 
black elderly. It does seem clear, how- 
ever, that overall, blacks have a much 
higher prevalence of dementia than do 
whites (P<.002), While the estimated 
prevalence of dementia is greater 
among black women than among black 
men, the difference is not statistically 
significant (P<.08) because of the small 
sample size. The small sample size also 
makes calculation of the age-related 
prevalence of dementia inappropriate. 

Table 3 compares the history of vas- 
cular disease and diabetes (noted during 
the 1986 and 1987 baseline survey) 
among subjects diagnosed as demented 
with that present in the total EPESE 
sample of blacks and whites. A history 
of heart attacks, high blood pressure, 
diabetes, and stroke was reported more 
often by blacks with dementia than by 
whites with this cognitive disorder. The 
fact that blacks in general (and particu- 
larly black women) were much more 
likely than. whites to give a history of 
hypertension and diabetes suggests 
that these conditions may be implicated 
in the higher proportion of vascular de- 
mentia (mixed or multi-infarct demen- 
tia) noted among the black subjects. 


COMMENT 


The results of our study confirm those 
reported by Schoenberg et al” who also 
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screened a large southern biracial rural 
community for dementia. That study, 
however, examined both household and 
institutionalized persons and reported 


* only. severely demented cases. Both 


their study and this one found a higher 
prevalence of dementia among blacks 
than whites, and among black women 
compared with black men. On the other 
hand, the relatively small study of an 
inner-city biracial community reported 
by Folstein et al’ failed to show any 
significant differences in the frequency 
of dementia in the two racial groups. 
That study did, however, show that de- 
mented blacks were more likely than 
whites to have cerebrovascular disease 
associated with dementia —results simi- 
lar to our own. We did not confirm their 
findings, however, that multi-infarct 
dementia was more common than Alz- 
heimer’s disease among blacks. Confir- 
matory evidence of racial differences in 
dementia has been reported in studies of 
death certificates” that showed blacks 
to have a higher reported prevalence of 
dementia at death than whites, and inan 
autopsy series’ (admittedly not a ran- 
dom sample) that found that dementia 
was twice as prevalent among blacks as 
among whites. 

The differences in the prevalence of 


. dementia between blacks and whites 


noted in our study are substantial and 
statistically significant. The question 
arises whether factors in the design or 
procedural methods of the study could 
account for such differences. The risk of 
drawing major conclusions from the rel- 
atively small sample used in this study 
has been commented on earlier, and the 
need for confirmatory studies in larger 
biracial populations is evident. The 
question also arises as to whether the 
differences may be related to an earlier 
age of onset of this disorder or to a less 
progressive course of the illness among 


. blacks. Unfortunately, the number of 


cases of dementia in this study are too 
small to provide such data. There is, 
moreover, little, if any, information in 
the literature on the age of onset of de- 
mentia among cases of vascular demen- 
tia compared with subjects with Alz- 
heimer’s disease or those with dementia 
caused by other diseases. Precise infor- 
mation on the age of onset of the de- 
menting process in any of these groups 
of cases is difficult to obtain, since it 
depends largely on the observations of 
the subject’s spouse or other care- 
givers. Other factors that might ac- 
count for the differences in the observed 
prevalence rates are considered below. 
The fact that the whites in this com- 
munity are more likely than blacks to 
institutionalize their cognitively im- 
paired family relatives may help to ex- 
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Table 2.—Estimated Prevalence of Dementia by Race and Sex 










Percent 







LL OC LOLI mnara, 
Black White 
Prevalence (SE) Prevalence (SE) 












Male 8.93 (4.95) 3.30 (3.20) 
19.87 (5.93) 2.91 (2.51) 
16.00 (4.12) 3.05 (1.97) 









Table 3.— Selected Chronic Diseases by Race, Sex, and Dementia Status 





































Percent 
armeen Ne, 
Black White 
pramanen mnn, ppreeaeeanmaanaanneaeane nn N aaneen, 
All All All Alt 
Males Females Demented Males Females Demented 

(n = 797) (n = 1463) (n= 19) (n= 657) (n = 1218) (n= 7} 
Heart attack 11.4 10.3 §.3 19.3 144 0.0 
High blood pressure 47.7 67.0 68.4 40.0 §1.6 42.9 
Diabetes 17.2 24.3 27.8 















Stroke 9.4 


Table 4.—Refusals by Initial Cognitive Class, Race, and Sex 


initial Cognitive Ciass 
paeen a, 










Unimpaired Marginal impaired N 
Black 
Male 6 5 2 13 
Female 4 3 6 13 
White 
Male 3 3 5 11 





Female 






plain the lower prevalence rates of de- 
mentia among the white non- 
institutionalized residents. One- year 
follow-up of the Duke EPESE sample 
indicates that there is a higher annual 
rate of nursing home entry among 
whites (3.1%) than among blacks 
(2.1%). With a cap of approximately 5% 
on nursing home beds in this area, 
roughly three quarters of the beds are 
occupied by whites and one quarter by 
blacks, ie, the 5% can be divided approx- 
imately into 3.75% white and 1.25% 
black residents. National estimates of 
50% for the prevalence of dementia 
among nursing home residents would 
suggest that 1.8% of these whites and 
0.6% of these blacks might be de- 
mented. This would not fully explain the 
lower rate of dementia found among 
white community residents. So, while 
the differential rate of institutionaliza- 
tion may modify the black-white differ- 
ence in dementia prevalence by perhaps 
1%, it certainly does not close the gap. 
Tt has been suggested” that the level 


of education (probably as a surrogate for 
other factors) may relate to the pres- 
ence of dementia. Blacks in our study 
have a lower level of education and this, 
in some way, could be a factor explain- 
ing the difference in the prevalence rate 
of dementia in the two racial groups. On 
analysis, however, no relationship was 
found between level of education and 
the presence of dementia in this cohort. 
It has also been suggested that racial 
differences in survival rates could be 
implicated in our observations on the 
estimated prevalence of dementia in 
this community. In the general US pop- 
ulation blacks are known to be at a high- 
er risk for death than whites prior to age 
75 years, but the reverse has been ob- 
served after this age. A decrease in the 
death rate among blacks in the older age 
groups could possibly account for a high- 
er prevalence rate of dementia. Howev- 
er, in the Duke EPESE sample, the age 
pyramid for blacks is comparable with 
that for whites. For this group, differ- 
ential survival does not seem to explain 
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. the findings. 
It is possible that blacks and whites 
may have differed in the extent to which 
they participated in the study. Analysis 
of refusal rates in this survey (Table 4) 
showed that there was no major differ- 
ence in participation between blacks 
and whites. The cognitively impaired do 
not appear to have been unduly shielded. 
Indeed, refusal was lowest for the most 
cognitively impaired and was particu- 
larly low among cognitively impaired 
white women. Thus, this factor does not 
appear to be important in explaining the 
racial differences in prevalence rates for 
dementia observed in this study. 

The prevalence rate of dementia 
(8.05%) in whites 65 years of age or 
older in our study is similar to that 
(8.5%) described by Kokmen et al” in 
the largely white community of Roches- 
ter, Minn. That investigation was based 
on information available in local medical 
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records, but the observed rates arë con- 


sidered by the investigators to be com- 
parable with those obtained by most 
population surveys. In a recently re- 
ported survey of 3623 white East Bos- 
ton, Mass, community residents aged 
65 years and older, however, an unusu- 
ally high prevalence rate of 10.3% for 
probable Alzheimer's disease was esti- 
mated.” However, few of the elderly 
residents from that loeation had been 
institutionalized. 

As mentioned above, the fivefold 
higher rates we observed in the blacks 
compared with the whites may be re- 
lated to a history of stroke and hyper- 
tension that was present in a significant 
proportion of the blacks. The extent to 
which these vascular illnesses contrib- 
uted to the development of dementia in 
this racial group cannot be determined 
without postmortem examination of the 
brain. As stated earlier, black and white 
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eantly in their ability to perform instru- 
mental or physical activities of daily liv- 
ing, suggesting that comparable ob- 


. demented subjects did not differ signifi- 


jective impairment criteria were indeed <4 


used ‘in identifying dementia. Further, 
all of the subjects:diagnosed as having 
dementia in the field study and for 
whom additional diagnostic information 
was available from prior records or sub- 
sequent examination by another physi- 
cian were found to have this disorder. 
Therefore, there seems little reason to 
doubt the accuracy of the overall diag- 
nosis of dementia in this group. 
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_ Association of Decreased Paternal Age 
' and Late-Onset Alzheimer’s Disease 


An Example of Genetic Imprinting? 





Lindsay A. Farrer, PhD; L. Adrienne Cupples, PhD; Linda Connor; Philip A. Wolf, MD; John H. Growdon, MD 


ə Several studies have identified ad- 
vanced maternal age as a risk factor for Alz- 
heimer’s disease. This study evaluated ma- 
ternal and paternal age at birth of 237 
patients with Alzheimer's disease, each of 

- whom was matched to five control subjects 
‘based on sex, year of birth, survival age, and 
. location of residence. It was found that de- 
creased paternal age substantially increased 
the susceptibility to the common form of Alz- 
heimer’s disease that occurs after the age of 
67 years, whereas advanced maternal age 
had a negligible effect on risk of Alzheimer’s 
disease. The higher incidence of late-onset 
Alzheimer’s disease among persons born to 
younger fathers is consistent with a genetic 
imprinting mechanism involving DNA meth- 
ylation. The proposed model postulates a 
role for environmental agents in the patho- 
genesis of Alzheimer’s disease and ac- 
counts for families that show an aggregation 
‘Qf gases. but no apparent pattern of 
: inheritance.. 
(Arch Neurol. 1991;48:599-604) 


A vheimer's disease (AD) is a neuro- 

degenerative dementing illness 
characterized by pervasive defects in 
cognition and personality; it affects an 
estimated 10% of the population older 
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than 65 years.' The basic etiology of AD 
is unknown, although advanced age and 
a positive family history of dementia are 
two predominant risk factors. Several 
environmental agents, including head 
injury, slow viruses, and aluminum, 
have been implicated but have not yet 
been proved to play a role in the etiology 
and pathogenesis of AD.” 

Numerous studies postulating a link 
between AD and Down syndrome*” 
prompted investigations of maternal 
age at the birth of the subject, which has 
been identified as a strong risk factor for 
Down syndrome” and, thus, as a poten- 
tial risk factor for AD. Four studies pro- 
vided evidence that mothers of patients 
with AD are substantially older when 
their child is born than are mothers of 
control subjects, =" whereas four other 
studies did not find this association. 

This study was undertaken to deter- 
mine whether an association between 
AD and parental age at birth of the sub- 
ject could be demonstrated in a compar- 
atively large number of consecutively 
ascertained and rigorously diagnosed 
cases of AD, each of these patients be- 
ing compared with five nondemented 
control subjects from the Framingham 
Study matched for sex, year of birth, 
and survival age. We hypothesized that 
ifthere is an effect. of parental age on the 
incidence of AD, it would not likely be 
detectable in familial cases of AD (desig- 
nated FAD) if liability for illness in 
these cases is caused by inherited de- 
fects that were already present in the 
parents’ germ cell line before concep- 
tion. Second, a parental age effect, if it 
exists, may be maternal or paternal in 
origin, depending on the particular ge- 





netic or nongenetic factors underlying. 
the effect. For example, the incidence of | 
many single-gene disorders is associ- 
ated with advanced paternal age, 
whereas certain chromosomal aneuploi- 
dies are more prevalent in children born 
to older mothers. 


SUBJECTS AND METHODS 
Subjects 


Genealogical data and family history of de- 
mentia were collected for 301 unrelated pro- 
bands examined consecutively in the Memo- 
ry Disorders Unit of the Massachusetts 
General Hospital, of whom 251 met National 
Institute for NINCDS-ADRDA criteria”? 
for probable AD. Protocols for patient evalu- = 
ation, informant interviews, and administra- 
tion of questionnaire instruments are de- 
scribed elsewhere.” Preliminary data 
analysis showed that 14 of the probands with 
probable AD were missing parental age data 
for one or both parents, and these individuals 
were subsequently dropped from further 
analysis. The final total sample with AD from 
the Memory Disorders Unit consisted of 237 
subjects (95 men and 142 women) born be- =) 
tween 1895 and 1940. The mean (+ SD)ageat o 
onset of dementia was 67.2+8.4 years 
(range, 42 to 86 years), : 

Control data were obtained from 8723 par- 
ticipants of the Framingham Study.” Ap- 
proximately 5209 of these persons are adult 
residents of the town of Framingham, Mass, 
who were enrolled in a longitudinal study of 
health in 1950. Most of the original study 
members were the 4469 respondents of 6510 
persons selected in a two-thirds stratified 
sampling of the adult population of the town. = 
Another portion of this cohort, 740 men and > 
women, were volunteers who were spouses 
of persons in the sample. Pertinent. medical 
history, psychological, family history, life- 
style, and demographic data have been sys- 
tematically collected over biennial examina- 
tions during this time. The remainder of the 
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Framingham Study population comprises 
children of the original cohort who currently 
are participating in a parallel longitudinal 
study known as the Offspring Study. Dates 
of birth for parents of control subjects whose 
parents were also Framingham Study partic- 
ipants were obtained from their parents’ re- 
cords. Otherwise, this information was ob- 
tained from another database, which stored 
parental data collected in a previous study 
described by Schildkraut et al.” 

For analytical purposes, the 237 subjects 
with AD were matched with five controls 
based on sex, year of birth, and a survival age 
variable. To improve the power of our statis- 
tical analyses by minimizing the SEs in the 
control group, we chose five controls (rather 
than one) for every case. The Framingham 
pool of subjects would not permit more con- 
trols per case without loss of cases owing to 
an insufficient number of matching controls. 
Furthermore, it has been shown that the 
increase in power is not substantial beyond 
four controls per case.” Specifically, age at 
onset of dementia in the patient with AD was 
matched with the censoring age (current age 
or age at death) in the control subjects. Con- 
trol subjects were not demented at the time 
of censoring. If an insufficient number of con- 
trols were found to meet all three criteria, 
the matching algorithm selected controls 
who were born within 3 years of the case or 
whose censoring age was up to 3 years great- 
er than the onset age of the case. With five 
matched controls for every case, the total 
control sample numbered 1185. 


Analytical Procedures 


Parental ages (age of mother and father, 
respectively, at time of subject's birth) were 
compared between AD cases and controls in 
two ways. In one method, mean maternal 
and paternal ages were calculated for each 
set of five matched controls and compared 
with the corresponding values for the cases 
using a paired-comparison ¢ test, which tests 
whether the mean of the differences between 
the matched pairs is significantly different 
from zero.” Subgroup analysis was carried 
out by dividing subjects based on the mean 
onset age of AD (older or younger than 67.2 
years) and family history of dementia of the 
AD cases, two criteria that may define dis- 
tinct subtypes of AD.” Stratification by 
family history is less straightforward. A pos- 
itive family history of dementia in a relative 
does not prove that the proband was geneti- 
cally predisposed to AD because, for exam- 
ple, dementia could occur in two siblings by 
chance. Family and genetic studies suggest 
that AD in a proportion of cases may be 
transmitted as an autosomal dominant trait, 
particularly if onset occurs before the age of 
65 years.” Thus, a case was defined as FAD 
only if either parent had AD. All other cases 
were considered to be sporadic (designated 
SAD). 

To examine the interrelationship of pater- 
nal and maternal ages on development of AD, 
parental ages were also evaluated using con- 
ditional logistic regression for case-control 
designs.” This design permits the joint anal- 
ysis of the effects of maternal and paternal 
ages and their interactions with other covar- 
iates on the development of AD to disentan- 
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Maternal! Age, y 


Table 1.—Age of Parents at Subject’s Birth for Patients With AD and Control Subjects 
According to Onset Age and Family History of Dementia of Probands With AD* 


Control 





Paternal Age, y 


Control 





274404 27.9 


Early onset 


(<67.2 y) 27.9 


27.4 


+ 0.2 30.5 + 0.5 31.6 + 0.2 





31.0 + 0.7 30.4 + 03 








Late onset 
(>67.2 y) 


FAD 


27.0 
28.6 





28.3 
28.4 


30.2 + 0.7 0.3 
34.4 + 09 








SAD 26.8 


27.6 


30.1 + 0.6 0.3 








Early onset, 


FAD 29.4 


27.9 + 


32.0 é .0 £ 0.5 





Early onset, 


SAD 27.1 + 


26.8 + 0.3 


30.5 j 8+ 0.3 





Late onset, 
FAD 

Late onset, 
SAD 


27.8 + 1.0 





28.7 


26.5 + 0.7 28.1 








+ 0.4 30.9 + 1. 5 t 0.4 





0.3 050 298 +08 32.0 + 0.4 


* AD indicates Alzheimer's disease; NS, not significant; FAD, familial AD; and SAD, sporadic AD. Numbers 
are number of subjects with AD or number of matched sets. Values are mean + SE. 











Table 2.—Conditionai Logistic Regression Analysis of Effect of Maternal and Paternal 
Age on Outcome of AD vs Control by Onset Age and Family History of Dementia of 
Probands With AD* 


Maternal Age, y 
amaaan Saee, 


5-y 95% S-y 95% Model 
No. OR ci P OR cl P P 

All 1422 1.04 0.89-1.23 NS 0.88 0.76-1.01 NS NS 
Early onset 660 1.07 0.83-1.37 NS 1.02 0.81-1.29 NS NS 
Late onset 762 1.01 0.82-1.25 NS 0.80 0.67-0.96 .019 -0053 
Early onset, FAD 222 1.30 0.82-2.06 NS 0.89 0.55-1.42 NS NS 
Early onset, SAD 438 0.97 0.72-1.31 NS 1.07 0.82-1.40 NS NS 
Late onset, FAD 264 1.18 0.82-1.70 NS 0.71 0.51-0.99 045 NS 
Late onset, SAD 498 0.93 0.71-1.21 NS 0.85 0.68-1.06 NS .037 












Paternal Age, y 
P maaaneenanenmmmeemmentionmmemmmmnmmmnnmmmmmmnann tT 





















* AD indicates Alzheimer's disease; OR, odds ratio for AD developing for every 5-year increase in maternal 


or paternal age; Cl, confidence interval (for odds ratio); NS, not significant; FAD, familial AD; and SAD, sporadic 
AD. Numbers are sample size where the proportion of AD cases is one sixth of the sample. 


gle the correlation of mothers’ and fathers’ 
ages (r= .77 for AD cases and r=.71 for con- 
trols). These analyses were carried out using 
the PHGLM procedure in SAS, as described 
in the manual for an application to conditional 
logistic models with one case per matched 
set.” 
RESULTS 


The mean maternal and paternal ages 
at the time of the subjects birth were 
almost identical for patients with AD 
and control subjects (Table 1). Howev- 
er, at the time of the subject’s birth, 
fathers of late-onset AD cases were sig- 
nificantly younger than fathers of con- 
trol subjects by an average of 2.2 years 
(P=.003). A similar trend was ob- 
served for maternal age, but the differ- 
ence was only 1.3 years {P = .035). Ma- 
ternal and paternal ages were not 
significantly different among AD cases 
and controls in FAD or SAD subgroups. 
Stratification of subjects with AD and 


their corresponding matched controls 
by onset age group and family history 
showed that the paternal age effect is 
present only in patients with late-onset 
AD whose parents did not have AD. The 
difference in maternal age in this subset 
is smaller and only borderline signifi- 
cant (P=.050). Older paternal age 
among controls was observed in the 
group with late-onset FAD, but the dif- 
ference was not significant because the 
sample size was only half as large as the 
group with late-onset SAD. 

Conditional logistic models confirmed 
the presence of a significant paternal 
age effect in late-onset cases and sug- 
gests that the observed maternal age 
effect in the univariate analysis is prob- 
ably due to the high collinearity be- 
tween mothers’ and fathers’ ages (Table 
2). Moreover, examination of the coeffi- 
cients for this model reveals that pater- 
nal age has a 21-fold stronger effect than 
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maternal age on the predicted outcome 
of AD vs control. The comparatively 
weaker maternal age effect shows a 
slight positive association with risk of 
r AD. Relative risk of late-onset AD as a 

function of maternal and paternal age is 
shown in Fig 1. 


COMMENT 


The results of this study suggest that 
paternal age and, to a much lesser de- 
gree, maternal age influence an individ- 
uals susceptibility to the common form 
of AD that occurs after the age of 
67 years. Moreover, in contrast to other 
studies that found an association be- 

y tween AD and advanced maternal 
age,” the data reported herein indi- 
cate that decreased paternal age in- 
creases the risk for AD. Our findings 
are based on data from 237 rigorously 
diagnosed and consecutively ascer- 
tained patients with AD who were 
matched to five control subjects each 
based on the year of birth, sex, survival 
age, and residence. 

The mean parental ages for the cases 
and controls are in agreement with com- 
parable data from other studies (Table 
3). Careful inspection of these data re- 

z vealed that parental ages in the control 
group in the Japanese study” were no- 
ticeably low, and the median parental 
ages of AD subjects in the original Uni- 
versity of Washington study" were 
much higher than in other case series. 
Biased selection of cases and/or con- 
trols, social differences in childbearing 
patterns, or sampling error may ac- 
count for these differences. 

Failure to detect an association be- 
tween AD and decreased paternal age in 
previous studies can be explained by 
several reasons. First, the effect was 
demonstrable only after removing early 
onset cases from the study population. 

. Second, the number of late-onset AD 
cases in this study (124) exceeded the 
total subject population with AD in all 
but two other studies," one of which 
found only a marginal advanced mater- 
nal age effect and did not examine pater- 
nal age.” Equal case and control sam- 
ples of at least 220 persons each are 
required to detect a mean difference of 
2.0+ 7.5 years, assuming 5% error and 
80% power. Third, none of the previous 
investigations of parental age account- 
ed for censoring bias of controls, thus 
ignoring the possibility that some of 
these subjects may suffer dementia lat- 
er in life. Fourth, this study is the first 
to assess maternal and paternal ages 
simultaneously using statistical meth- 

‘ods to adjust for collinearity between 

< mothers’ and fathers’ ages. 
However, there are several caveats 
inthe interpretation of our findings. 
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Fig 1.—Relative risk of late-onset Alzheimer's disease developing according to mother's (broken 
line) and father's (solid line) age at the time of birth. Separate risk curves for maternal and paternal 
age were calculated from the conditional logistic regression model for subjects with late-onset 


disease and matched controls (Table 2). The odds ratio equation for maternal age is OR=; 


exp(0.0021 x maternal age) where exp refers to the exponential function; the equation for paternal 
age is OR = exp( ~ 0.044 x paternal age). The odds ratio at the age of 15 years was standardized 


to 1. 


First, the observation of advanced ma- 
ternal age in AD cases in other studies 
needs to be reexamined in those and 
other populations using a sufficient 
number of patients with AD and appro- 
priately matched controls. All of the 
published studies of parental age, in- 
cluding our own, were performed on a 
clinic-based series of subjects, which 
may not be representative of patients 
with AD in the general population. Lon- 
gitudinal studies of the dementia status 
of a large cohort of elderly subjects, 
including their siblings,” would allow 
alternative study designs of parental 
age, including unbiased evaluation of 
birth order. Second, further examina- 
tion of the results in Table 1 suggests 
that parental ages are not different be- 
tween early-onset and late-onset AD 
cases. However, it is misleading to con- 
clude that there are no parental age dif- 
ferences between early-onset and late- 
onset AD cases simply because the 
mean ages are the same. To compare 
these two groups appropriately, the 
cases would need to be matched for year 
of birth. In addition, controls matched 
to late-onset AD cases have significant- 
ly greater maternal (t(=2.45, P=.015) 
and paternal (t=4.91, P<.001) ages 
than controls matched to early-onset 
eases. Although these patterns may 
suggest a biased sample of control sub- 
jects in the late-onset group, the paren- 


tal age difference among controls is 
more likely related to secular trends in 
year of birth, Early-onset cases and con- 
trols had a mean birth year of 1923 
(range, 1907 to 1940), which is signifi- 
cantly greater than the mean of 1911 
(range, 1895 to 1919) for the late-onset 
subjects (t= 16.31, P<.001). The mean 
parental ages for the control groups are 
consistent with secular trends for pa- 
rental age in the Framingham cohort 
(Fig 2), Even though this secular trend 
persists, our subjects are matched on 
year of birth, and thus, our conclusions 
should not be affected by this secular 
trend. Third, the results of our study 
suggest, but do not rule out, that the 
parental age effect has a uniquely pater- 
nal origin. If the effect is partially or 
totally maternal, several other hypoth- 
eses regarding the maternal-fetal envi- 
ronmental (eg, toxic or infectious expo- 
sure and maternal immune response) or 
maternal (cytoplasmic or mitochondri- 
al) inheritance must be considered. 

The studies showing significantly 
greater maternal age in AD cases are 
puzzling because the premise underly- 
ing the hypothesis linking maternal age 
to both Down syndrome and AD is not 
entirely valid. The frequency of chro- 
mosomal nondisjunction, the biological 
mechanism causing most cases of Down 
syndrome and other trisomic condi- 
tions, increases with maternal age.” 
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Cases 
asa acer eae rea 
Maternal Paternal 
Study No. Age, y Age, y 


Controls 


p 


Paternal 
Age, y 


Maternal 


Age, y Comments 





Cohen et al" 80 35.5 + 1.4 38.0 + 1.4 





Whalley et al® 69 3062407 32.2 + 0.8 


207 286204 308+ 05 


27.0 Median values 
reported; all 
controls born in 


1907 

Each case was 
date-of-birth 
matched with 3 
controls 





Corkin et al? 


Controls were 12 
spouses and 22 
unrelated 
volunteers 





Heyman 
et al”? 


Cases matched to 
spouses 





English and 
Cohen” 


Median values 
estimated from 
distribution data; 
includes 2 groups 
of controis: 
spouses and 
spouses of 
patients with 
Parkinson's 
disease 





Amaducci 
et al! 


29.1 4 7.1 


White et al?! 98 


34.2 + 8.3 


116/97 29.1/28.9 


Cases age and sex 
matched to t 
hospital control 
and 1 population 
control 


92 27.5 + 84 32.9 + 84 SD reported; pater- 
200 300+ 6.4 34.7 + 7.7 


nal age of AD 
cases based on 
sample size of 
100; secondary 
AD cases (14 
maternal ages and 
13 paternal ages) 
excluded; control 
groups: line 1, 
normal siblings; 
line 2, sample 
selected from 
births recorded in 
same period as 
cases in 1 county 
of Minnesota 





Urakami 77 266+ 66 31.4 + 86 


et al” 


23.9 + 4.8 26.3 + 5.6 SD reported 





Present 237 27.4 + 0.4 3052405 


study 


1185 27.9 + 0.2 31.6 + 0.2 





* AD indicates Alzheimer’s disease. Values are mean + SE unless otherwise noted. 


However, chromosome studies of sub- 
jects with AD do not show any consis- 
tent abnormal findings other than those 
associated with normal aging.” Thus, 
there is no cytogenetic basis for in- 
creased frequency of AD with advanced 
maternal age. Furthermore, the ad- 
vanced maternal age hypothesis pre- 
sumes that the defect underlying the 
clinical, neuropathological, and familial 
traits common to AD and Down syn- 
drome is on chromosome 21. However, 
the only direct evidence implicating 
chromosome 21 in the pathogenesis of 
AD is identification of genetic linkage 
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between the gene for a rare, early on- 
set, autosomal dominant form of AD and 
anonymous DNA markers that are lo- 
cated outside of the chromosomal region 
associated with Down syndrome,” as 
well as two studies showing triplication 
of chromosome 21 genes in randomly 
selected patients with AD,** but these 
latter results have been disputed.““ 


GENETIC HYPOTHESIS FOR PATERNAL 
AGE EFFECT 


An explanation of the association be- 
tween AD and decreased paternal age 
must account for the observation of this 


relationship occurring only in late-onset 


cases and the fact that transmission of 
uniquely paternal risk factors to off- 
spring occurs only through the germ cell 
line. Thus, exposure to environmental™ 
agents is unlikely the cause of the pater- 
nal age effect. A growing body of evi- 
dence suggests that the early onset 
form of AD is an autosomal dominantly 
transmitted trait,” whereas AD in a 
proportion of individuals with late-on- 
set disease may have other causes.” 
Lack of a paternal age effect among pa- 
tients with SAD probably indicates that 
our classification scheme for FAD and 
SAD is not robust. Distinction of nonin- 
herited cases will continue to be difficult + 
until a genetic or other biological mark- 
er is identified. 

Although persons with SAD presum- 
ably have not inherited an abnormal AD 
gene per se, they may still inherit in- 
creased predisposition to disease 
through a particular parent. This type 
of transmission is called “genetic im- 
printing.”” It has been postulated that 
imprinting does not cause a mutation in 
the DNA, but rather an alteration in the 
function of DNA that may last the life- 
time of the individual.” Compelling evi- 


dence has been accumulating from ex- p 


perimental studies in transgenic mice 
that gene activity can be altered in al- 
leles originating from a particular par- 
ent by methylation or demethylation of 
DNA.** Experimental evidence in hu- 
man cells growing in culture indicates 
that there is a concomitant loss of the 
number of methylated sites on DNA and 
gene expression with increasing num- 
bers of cell divisions. This age-related 
phenomenon is accelerated when even 
young cells are treated with azacyti- 
dine, a compound that enhances de- 
methylation.” Sperm DNA, which is 
highly methylated except for a few 
spared genes,” is more likely to have 


undergone progressive demethylation 4 


than DNA in an ovum from a woman of 
the same age because male germ cells 
undergo many more cell divisions than 
female germ cells. To illustrate this 
point, at sexual maturity female germ 
cells have undergone two divisions.. It 
has been estimated that the number of 
cell divisions in spermatogenesis is 30 at 
puberty and increases at the rate of 23 
per year thereafter.” Thus, at the age of 
35 years, for example, male germ cells 
have undergone approximately 540 
divisions. 

How might genomic imprinting be re- 
sponsible for cases of late-onset AD, and 
how would it account for the tendency 


for these subjects to have younger fa- 4 


thers at the time of their birth? It has 
been postulated that AD is a sequela of 
the aging process.*”” Numerous genes 
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Fig 2.—Mean maternal (solid bars) and paternal (shaded bars) ages among 7559 subjects in the 
Framingham Study born between 1890 and 1949 by 5-year cohorts. 


are likely involved in aging,” and it is 
conceivable that alteration in the ex- 
pression of one or more of them could 
result inthe AD phenotype. Normal de- 
velopment of the central nervous sys- 
tem depends on appropriately timed ex- 
pression of many-genes from embryonic 
life until adulthood. Complex systems 
like the brain must have a myriad of 
' genetic regulation mechanisms, and ev- 
idence from studies of other inherited 
neurological diseases that show paren- 
tal sex effects, including Huntington's 
disease, myotonic dystrophy, and neu- 
rofibromatosis, suggests that DNA 
methylation may be involved.”*"" 
Let us presume that most persons 
will suffer AD if they do not succumb to 
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other causes before they reach the age 
at which they would have onset of symp- 
toms, and that pathogenesis can be ac- 
celerated or retarded by methylation 
and demethylation of the genes in- 
volved. If protection against AD re- 
quires expression of certain genes early 
in life, it follows that a person born to a 
young father is more likely to have a 
higher proportion of methylated and 
hence inactive genes, including genes 
that, when active, protect against AD, 
than a person born to an older father. 
Therefore, this person has a higher risk 
of AD developing later in life. However, 
there must be an additional mechanism 
for the determination of onset, which 
usually occurs after the age of 65 years. 
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Thus, this model predicts not only that 
the pathogenesis of AD begins early in- 
life, but also that a second event, suchas 
demethylation of the same or another 


set of genes later in life, is necessary for. 


disease to occur. The involvement of 
environmental agents or other nonge- 
netic risk factors in the second event 
would explain the low concordance rate 
for AD among monozygotic twins.” 

A genetic imprinting model for AD 
would be consistent with the sporadic 


nature of most cases if the probability of = 


having demethylated genes, and hence 
protection against AD, is high or if 
methylation is necessary but not suffi- 
cient for development of disease. This 
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THE CASE: A 40-year-old man presented with a 2-month 
history of involuntary muscle contractions of the right arm 
and mild weakness of the left leg. 


Firstthere was CT. Then MRI. , 





Contrast CT scan shows an area of T1-weighted (TR 800/TE 20) unenhanced + 
low attenuation in the left parietal lobe. MR image, obtained with a 41.5-T imager, 
A questionable focus of contrast is seen, shows subcortical hypointensity in the left 
but this may represent cerebral cortex. posterior parietal lobe. The surrounding 


. eth ae ELE ELEI Ney sulci appear to be compressed, 
eee Rass, MD, Stanford University Medica! Center. but amass is not clearly appreciated, 
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Now, Magnevist- 
hanced MRI lets 
fou see even more. 





4-weighted (TR 800/TE 20) image enhanced with 
AAGNEVIST® injection reveals two discrete nodules 
arrows). This nodular enhancement is highly 
uggestive of a primary brain tumor, which was 
‘onfirmed upon biopsy to be an astrocytoma. 
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(gadopentetate 
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INJECTION 
NOTHING LOCATES LESIONS BETTER 


Please see brief summary of prescribing information for 
MAGNEVIST® injection on last page of this advertisement. 






























































Well tolerated! tn clinica trials, the most common adverse reactions reported were headache (8.7%) 
and injection-site coldness/localized coldness (4:8%). The majority of headaches were transient and of mild 
to moderate severity. In clinical trials, 15% to 30% of patients experienced an asymptomatic transient rise in 
serum iron; cea and anaphylactoid reactions have occurred in less than 1% of the patients. The 


safety of MA 
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NEVIST® injection in patients with hemolytic disorders has not been studied. 





BRIEF SUMMARY 


INDICATIONS AND USAGE 


MAGNEVIST® injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visuclization of 
intracranial lesions including but not limited fo tumors. 


MAGNEVIST® injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the. spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known, 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies fo align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vive. The enhancement of magnetic moment by gadopantatale dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® injection in 
patients with sickle cell anemia and other hemogiobinopathies has not been studied 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® injection. In clinical trials wo cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which wos described as mild by the patient and occurred 


after administration of the drug. Although the relationship ot 
gadopentetate dimegiumine to these events is uncertain, patients 
should be observed for several hours after drug administration 


PRECAUTIONS - General 


Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure fo be pertormed. 


In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure, 

Since gadopentetate dimeglumine is cleared from the body oy lomerular filtration, caution 
should be exercised in patients with severely impaired renal function 


The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or car- 
diovascular reactions or other idiosyncratic reactions should always be considered (see 
ADVERSE REACTIONS) especially in those patients with a known clinical hypersensitivity. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. in clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimegiumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


It nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Repeat Procedures: if in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to: 

1. inform your physician if you are pregnant or breast feeding. 

2.intorm your physician if you have anemia or any diseases that affect red blood ceils. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normai and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No onimol studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimeglumine. 

Gadopentetate bles ot did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli, Gadopentetate dimegiumine did not induce 
a positive response in the (C3H 1011/2) mouse embryo fibroblast cellular transformation 
assay, nor did if induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 pg/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucieus fests 
at intravenous doses of 9 mmoi/kg and 2.5 mmol/kg, respectively, 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
Pregnancy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.6 mmol/kg dose. in female rats o decrease in the number 
of corpora lutea at the 0.1 mmol/kg dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


in a separate experiment, 16 daily intravenous injections were administered to mate rats. 
At a dose of 5 mmol/kg of gadopentetate dimegiumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within G 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 


PREGNANCY CATEGORY C. 


Gadopentetate dimegiumine has been shown to retard development slightly in rats when 
guen in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 


There are no adequote and well-controlled studies in pregnant women. MAGNEVIST® 
injection should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 


C tabelled pedals dimegiumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
vio the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
Safety and efficacy in children under the age of 2 years have not been established, 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 
The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate severity. In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. . 

localized pain, vomiting, paresthesia, dizziness and localized 

warmth occur in less than 2% of the patients. 

The following additional adverse events occur in less than 1% 


= Ko 
Body as a Whole: Injection site symptoms, namely, pain, warmth, 


burning; localized burning sensation, substernal chest pain, fever, 


Har Bad Noli in RRAN nepo uron (gadopentetate weakness, generalized coldness, localized edema, tiredness, 
after 6-1/2 hours. in a study in normal volunteers one subjec f h 
experienced syncope after osing froma sitting position two hours dimegiumine 469.01 mg mt) 


chest tightness, regional lymphangitis, anaphylactoid reactions 
(characterized by cardiovascular, respiratory and cutaneous 
symptoms). 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 


INJECTION 


increased salivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 

Respiratory System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

Skin Rash, sweoting, pruritus, urticaria (hives). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation. 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 

Bocy os a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope, death related to myocardial 
infarction or other undetermined causes 

Digestive: Constipation, diarrhea 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Faciat edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
512.5 mmol/kg and in rats it is 10-15 mmol/kg. The LDso of intravenously administered 
MASNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 

The recommended dosage of MAGNEVIST® injection is 0.2 mL/kg (O1 mmol/kg), 
administered intravenously, at a rote not to exceed 10 mL per minute. More rapid injection 
fates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 








DOSAGE CHART 
Body Weight Dose in Approx Duration of 
(kg) me Injection in Seconds 
10 2.0 20 
20 40 30 
30 6.0 40 
40 8.0 50 
50 10.0 60 
60 12.0 70 
70 14.0 80 
80 16.0 95 
90 18.0 Ho 
100 20.0 120 j 








To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be compieted within } hour of 
injection of MAGNEVIST® Injection. 

Parenteral products should be inspected visually for perticulate matter and discoloration 
prior to administration, whenever solution and container permit. 


For full prescribing information, see pockage insert. 
Ccution: Federal Law Prohibits Dispensing Without Prescription, 


©4990, Berlex Laboratories, inc. 
All rights reserved. 

Berlex Laboratories, Inc. 

Wayne, New Jersey 07470 
60621-6 Revised 7/90 





990-890-0068 2/94 





A ‘Stress’ Test for Memory Dysfunction 








Electrophysiologic Manifestations of Early Alzheimer’s Disease 


Leyla deToledo-Morrell, PhD; Susan Evers; Thomas J. Hoeppner, PhD; Frank Morrell, MD, MSe; David C. Garron, PhD; Jacob H. Fox, MD 


è Long-latency event-related potentials 
(P300) were assessed in patients wth early 
probable Alzheimer’s disease (AD), age- 
.. Matched controls, and young adults during a 

task that imposed various degrees of de- 
mand on memory. Although patients with AD 
did not. differ fron age-matched controls 
“when one item had to be remembered, their 

P300 potential. was dramatically reduced in 
amplitude or absent with increasing memory 
load. Aged controls did not differ from young 
adults on this mesuer. P300 latency, howev- 
er, did not differentiate patients with AD. 
‘Thus, electrophysiological abnormalities de- 
* tected in the context of mnemonic demand 
may provide a.sensitive marker of the early 
, Stages of probable AD. 
. (Arch Neurol. 1991 ;48:605-609) 





: pre detailed investigations of Sutton 
© È et al! and of Donchin and col- 
leagues” * have shown that the P300 
-component «of long-latency, endoge- 
nous, event-related potentials (ERPs) 
is intimately related to information-pro- 
cessing activities: in normal young 
Adults. The so-called P300 consists of a 
positivity, most prominently recorded 
* from posterior regions of the scalp, that 
peaks at approximately 300 millisec- 
onds following stimulus onset. With 
complex stimuli, the peak may occur 
later. In general, the above-cited re- 
search has demonstrated that P300 la- 
tency isan index of the time required for 
the categorization of events and is quite 
“independent of the time needed for re- 
sponse selection and execution process- 
es. On the ether hand, P300 amplitude 
was shown'to depend on the amount of 
information-processing activity evoked 
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by a stimulus and to be especially sensi- 
tive to alterations in the subject’s expec- 
tancy of an event.” 

The P300 component of ERPs has 
been extensively used to study age-re- 
lated” and disease-induced"*™ alter- 
ations in cognitive function. In recent 
years, however, there has been some 
disappointment in the utility of the P300 
as a diagnostic tool in clinical settings. 
One reason for this disappointment may 
be that most clinical studies have relied 
on the auditory oddball paradigm as the 
task to elicit ERPs and a delay in P300 
latency as the crucial measure for diag- 
nosing alterations in cognitive function 
and dementia. In the auditory oddball 
paradigm, two tones are presented with 
different probabilities and the subject 
has to count (or make a motor response 
to) the infrequently occurring stimulus. 
However, evidence indicates that (1) in- 
creases in P300 latency occur as a func- 
tion of aging per se in nondemented 
adults,” and (2) an increase in P300 
latency is not a very sensitive index of 
memory dysfunction during the very 
early stages of dementia”’* when a sen- 
sitive diagnostic tool would be most use- 
ful to the clinician. For example, in the 
Patterson et al” study, which employed 
the auditory oddball paradigm, only 
13% of demented patients could be cor- 
rectly classified on the basis of P300 
latency. Most important, however, is 
the fact that delays in P300 latency have 
been observed in nondementing disor- 
ders such as depression and schizophre- 
nia as well.” 

Recently, reports from a number of 
laboratories, including ours, have indi- 
cated that the utility of the P300 for 
diagnosing specific types of memory 
disorders can be much improved if 
ERPs are recorded in the context of 
tasks that impose some demand or 
“stress” on memory function. ”™” These 
studies, which showed that the P300 is 
much reduced in amplitude (or not pres- 
ent at all) during tasks with a strong 
mnemonic component in patients with 
memory disorders, underscore the im- 
portance of the behavioral tasks em- 
ployed in the clinic to elicit electrophysi- 
ologic abnormalities in different patient 
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populations. Given that P300 amplitude 
has been shown to be directly related to 
the degree of recall in young subjects," 
it makes sense that this factor, rather 
than P300 latency, might provide a 
more sensitive marker of memory 
dysfunction. 

We now report that alterations in 
P300 amplitude recorded during a task =. 
that imposes different degrees of de- 
mand or stress on mnemonic function 
provide a sensitive electrophysiologic 
marker of the very early stages of prob- 
able Alzheimer’s disease (AD). In our 
hands, alterations in P300 latency did 


not differentiate patients with AD from: : 


age-matched controls. 
SUBJECTS AND METHODS 


The data reported herein were obtained 
from six patients with presumed early AD 
ranging in age from 67 to 76 years (mean age, 
72 years), seven age-matched controls rang- 
ing in age from 65 to 76 years (mean age, 71 
years), and 11 young adults ranging in age 
from 22 to 38 years (mean age, 27 years). The 
patients with AD consisted of four right- 
handed women and two right-handed men, 
recruited through the Rush Alzheimer’s Dis- 
ease Center (Chicago, Ill) from among those 
who met the National Institute of Neurologi- 
cal Disorders and Stroke/Alzheimer’s Dis- 
ease and Related Disorders Association eri- 
teria for probable AD.” They had dementia 
documented by clinical and psychometric ex- 
amination, and they had deficits in at least 
two areas of cognition with the major deficit 
being. mnemonic in nature. Only patients 
with mild dementia, as defined by a Mini 
Mental State” score of 20 or greater, were . 
included in this study. The Mini Mental State 
seores of our patients ranged from 24 (only 
one patient) to 21, with a mean of 22.5. De- 
mentia and memory scores for individual pa- 
tients with AD are presented in the Table.” 
Patients who showed evidence of disturbed 
consciousness or evidence of other neurolog- 
ic or systemic illness that can produce de- 
mentia, who had a history of alcohol/sub- 
stance abuse, or who had a history of a major 
psychiatric disorder were excluded from the 
study. 

The age-matched controls consisted of five 
right-handed women and two right-handed 
men who were recruited primarily from the 
Rush Medical Center Volunteer Office and 
from among spouses of patients with AD. 
They were all in good health and-led active 
lives. The young adult subjerts (five right 












handed men, one left-handed man, and five 
right-handed women) were mostly medical 
students, electroencephalography techni- 
cians, and junior faculty members. 

If subjects normally wore corrective 
lenses, they were asked to keep them on 
during the test. Informed consent was ob- 
tained from all subjects according to the rules 
of the Human Investigation Committee of 
Rush Medical College. 


Stimuli and Procedure 


All aspects of experimental control and 
data collection were carried out with a com- 
puter system (Pearl System, PDP-11/40) de- 
signed and built at the Cognitive Psycho- 
physiology Laboratory of the University of 
Illinois, Champaign. The ERPs were record- 
ed during a modified Sternberg” memory 
scanning task. On a television monitor, sub- 
jects were shown a set of letters to be studied 
and remembered, memory set size varying 
from one to five letters. During the “study 
period,” the letters remained on the sereen 
for 60 seconds. After each study period for a 
given set size, single letters were presented 
one at a time for 700 milliseconds and sub- 
jects were asked to press one key with a 
given hand if the letter was from the memory 
set, and a second key with the other hand if it 
was. any other letter of the alphabet. The 
’ hand used for each type of response was 
counterbalanced across subjects. Previously 
memorized letters (target) were presented 
with a probability of 24%. One hundred sin- 
gle-letter presentations or trials were used 
for each memory set size, the intertrial inter- 
val averaging 3500 milliseconds. The order of 
testing with each memory set size was coun- 
terbalanced, except that because of the pa- 
tients with AD, testing was never started 
with a memory set size of five letters. Thus, 
as modified in our hands, the Sternberg task 
provides a measure of recent memory rather 
than immediate memory. 


Recording and Quantification of 
the P300 Potential 


Using the International 10-20 System,” 
silver chloride electrodes (Grass) were af- 
fixed with collodion at the following regions: 
P, (midline parietal), F, (midline frontal), P, 
(left parietal), P, (right parietal), A, (left ear 
lobe), A, (right ear lobe), and an additional 
cephalic location to be used as ground. For 
recording, P, and F, were referred to linked 
ears, P, and P, each to ipsilateral ear since, in 
this case, a linked ear reference would have 
been inadequate for detecting lateralized ab- 
normalities. Eye movements were moni- 
tored by recording between two electrodes 
placed above and below the right eye. Trials 
contaminated by eye blinks were eliminated. 
Subjects were given extensive instructions 
to control their eye blinks while a stimulus 
was on the screen and to blink only between 
trials. Since most subjects, including pa- 
tients with AD, complied with these instruc- 
tions well, contamination by eye-movement 
artifact was not much of a problem in our 
experiments. For any given individual sub- 
ject, no more than six trials were ever 
eliminated. 

Electrode impedance was kept equal te or 
below 3 kQ. Bioelectric activity was ampli- 
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Patient Folstein Mini 

No./ Age, Mentai Score 
y/ Sex (Maximum = 30) 
1/73/M 21 


2/70/M 23 


















Dementia and Memory Scores for Patients With Probabie Alzheimer’s Disease 


pramene Naeem, 


(Maximum = 144) 








Mattis Dementia Rating 
Scale Scores 

Total Memory Subscale 

(Maximum = 25) 





123 12° 





126 18° 














S/74iF 21t 











124 11° 











4/76/F 23 








118° 14° 








§/67/F 23 














119° 12° 











6/74/F 24 





132 


* Refers to scores on the Mattis? Dementia Rating Scale that are in the impaired range defined as 2 SDs be- 
low the mean. 
tAverage of two scores obtained close to the time of electrophysiologic testing. 


fied using amplifiers (Grass model TP511 
with filter settings between 0.1 and 100 Hz) 
and was digitized at the rate of 200 samples 
per second for 100 milliseconds prior to stim- 
ulus onset (which served as baseline) and for 
900 milliseconds following stimulus onset. 
Single trial data were stored on magnetic 
tape for later off-line analyses. P300 ampli- 
tude and latency were automatically calcu- 
lated by the computer. P300 amplitude was 
defined as the peak positivity occurring be- 
tween 250 and 750 milliseconds following 
stimulus onset and was measured from base- 
line. P300 latency was defined as the time 
from stimulus onset to the peak positivity. 


Statistical Analyses 


Group differences for each type of measure 
collected (such as P300 latency or amplitude, 
reaction time, and choice accuracy) were as- 
sessed by separate analyses of variance with 
e correction for nonsphericity.” Further 
comparisons between two means consisted of 
two-tailed ¢ tests for independent samples 
with probabilities corrected for the number 
of tests performed. A significance level of P 
less than .05 was set for all tests. 


RESULTS 


Electrophysiologic data described 
herein are based on P300 potentials re- 
corded from midline parietal regions 
(P.), since this report is not concerned 
with hemispheric asymmetries. Hemi- 
spheric differences in ERPs elicited 
during hemisphere-specific tasks are 
described elsewhere.” 

Averaged ERPs for individual sub- 
jects elicited by target letters are pre- 
sented in Fig 1. The top part of Fig 1 
shows ERPs obtained from a typical el- 
derly control subject when memory set 
sizes of one or five letters were used. 
Figure 1, center and bottom, provides a 
comparison of ERPs recorded from two 
patients with probable AD under the 
same conditions. Note that patients 
with AD had a well-formed P300 that 
was comparable to that of age-matched 
controls when a memory set size of one 
letter was used. With a memory set size 
of five letters, however, the P300 poten- 


tial was absent or dramatically reduced 
in amplitude in the same patients. This 
effect was seen in all six patients with 
AD studied. A comparison of P300 am- 
plitude (Fig 2) in patients with AD and 
age-matched controls (analysis of vari- 
ance) showed a significant group differ- 
ence (P<.001) as well as a memory load 
effect (P<.001). Further comparisons 
revealed that patients with AD did not 
differ from age-matched controls when 
one letter had to be remembered, but 
they showed significantly reduced P300 
amplitudes with memory loads of two ` 
letters or more. There was no age effect ` 
per se on P300 amplitude in that aged 
controls did not differ from young 
adults. 

In marked contrast to the amplitude 
measure, patients with AD did not dif- 
fer from age-matched controls in P300 
latency (Fig 3), but both showed signifi- 
cantly delayed potentials compared 
with young adults (P<.005 for the age 
effect). It could be argued that the la- 


tency measure for trial blocks requiring» 


memory loads of four or five letters was 
not too accurate for patients with AD 
since it was difficult to detect a peak. 
However, even with a memory load of 4 
one or two items, when the P300 poten- ` 
tial was well formed in patients with 
AD, its latency was comparable to that 
of age-matched controls. The age-relat- 
ed increase in P300 latency found in our 
study, which approximates 1.5 ms/y, is 
comparable to that reported in the liter- 
ature. 13-13,5 E 

In our experiment, in addition- to 
ERPs, two behavioral measures, name- 
ly reaction time and choice accuracy, 
were recorded, With respect to reaction 


time (Fig 4), patients with AD respond- = 


ed just as rapidly as age-matched con- 
trols to target letters when a memory 
load of one letter was required. This 
result indicates that patients with AD 
did not have any motor dysfunction. 
However, they were much slower in re- 
sponding than age-matched controls 
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Fig 1.Averaged event-related potentials (ERPs) elicited by target letters (N=24). Top, ERPs 





. Obtained from an elderly control subject when memory set sizes of one (left) or five (right) letters 
-were used, Center and bottom panels provide a comparison of ERPs obtained from two patients 
with Alzheimer's disease under the same conditions. Downward deflection indicates positivity at the 
scalp electrode. The arrow in top left shows the peak of the P300. Note, in particular, that the 
positive peak at about 200 milliseconds after stimulus onset in the control and the upper of the two 


patient records is not a P300. 


with increasing memory load. An analy- 
sis of variance comparing patients with 
AD with age-matched controls revealed 
asignificant group x memory load inter- 
action (P<.01). Further comparisons 
indicated a difference in reaction time 
-between the two groups with a memory 
load-of five letters. This large increase 
- in reaction time with increasing memo- 
yy load in patients with AD compared 
with age-matched controls is indicative 
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of a longer search of temporarily stored 
information and provides a quantitative 
behavioral measure of memory 
dysfunction. 

The other behavioral measure, choice 
accuracy to target letters (Fig 5), 
showed results similar to reaction time, 
although in this case, differences be- 
tween patients with probable AD and 
elderly controls were less dramatic. 
Even though an analysis of variance on 
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Mean P300 Amplitude, nV 


4-—4 Probable AD Patients 
O-—-O Aged Controls 
O~=O Young Controls 









Memory Load 






Fig 2.—Mean P300 amplitude to target letters 
as a function of memory set size in patients’: 
with probable Alzheimer’s disease (AD), age- 
matched controls, and young adults. Vertical ` 
bars indicate the SEM. 









choice accuracy to target letters re- 
vealed a. significant group memory. 
load interaction (P<.02), indicating 
that patients were less accurate with _ 
increasing memory load, individual | 
comparisons for each load did not reach 
significance when probabilities. were: 
corrected for the number of ¢ tests 
performed. 













COMMENT 


Compared with aged individuals, pa- 
tients with probable AD showed a 
marked diminution in the amplitude of |. 
the P300 component of ERPs recorded. 
during a modified Sternberg memory. 
scanning task only when increasing de- 
grees of demand or stress were imposed 
on mnemonic function. As in the case of). 

a “cardiac stress test,” the term stress is - 
used herein to refer to a load or demand >- 
on the particular system involved. Al- 

though patients with AD did not differ 

from age-matched controls when one 
item had to be remembered, their P300 
potential was significantly reduced in: 
amplitude with increasing. memory — 
load. Aged controls did not differ from. 
young adults on this measure. P300 la- - 
tency, on the other hand, did not differ-- 
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Fig 3.—Mean P300 latency to target letters as 
a function of memory set size in patients with 
probable Alzheimers disease (AD), age- 
matched controls, and young adults. Vertical 
bars indicate the SEM. 


entiate patients with AD from age- 
matched controls, although both 
showed delayed potentials compared 
with young adults. The lack of a signifi- 
cant increase in P300 latency in patients 
with AD compared with aged controls in 
our study is not surprising given that 
patients with AD consisted of individ- 
> uals with mild dementia who were in the 
early stages of the disease. As indicated 
Sethe introduction, Polich et al” have 
. demonstrated that an increase in P300 
“latency is not a sensitive index of memo- 
ry dysfunction in the early stages of 
dementing illnesses. 

In the present study, the loss or dimi- 
nution of the P300 potential under con- 
ditions of mnemonic stress seemed to 
provide a more sensitive marker of the 
dysfunction in the patient population 
than either behavioral measure record- 

ed during the task. More specifically, 
the patients with probable AD differed 
significantly from age-matched controls 
in P300 amplitude even with a minimal 
memory load of two letters, while a 
much. greater load was needed before 
differences in behavioral measures 
could be detected. 

The excessive diminution of P300 am- 
plitude with increasing memory load in 
_ the patient population does not seem to 
be a function of a marked reduction in 
accuracy. For example, the patient with 
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Fig 4.—Mean reaction time to target letters as 
a function of memory set size in patients with 
probable Alzheimer’s disease (AD), age- 
matched controls, and young adults. Vertical 
bars indicate the SEM. 


probable AD whose ERPs are plotted in 
the bottom tracing of Fig 1 was per- 
forming at 80% accuracy with a memory 
load of five letters, and yet, among the 
patients with AD, his P300 showed the 
greatest reduction in amplitude with in- 
creasing memory load. 

We also reexamined ERP data for 
some of the patients with probable AD 
by averaging trials on which they made 
accurate choices separately from error 
trials. The ERP data for correct “tar- 
get” trials were very similar to those 
described above for all target trials. In 
addition, we recently tested a patient 
with dementia due to vascular causes 
whose choice accuracy was much worse 
than that of any of the patients with AD 
included in this study; his P300 poten- 
tials, however, were very comparable 
to those of age-matched controls even 
with a memory load of five letters. This 
case provides an excellent example of 
the dissociation between behavioral (as 
indicated by choice accuracy) and elec- 
trophysiologic findings. 

It should also be pointed out that al- 
though our task was visual in nature, 
the results we report cannot be account- 
ed for by possible abnormalities in the 
peripheral visual system in patients 
with probable AD.” First of all, such 
peripheral visual system abnormalities 
would be expected to affect latency 
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Fig 5.—Mean choice accuracy to target letters 
as a function of memory set size in patients 
with probable Alzheimer's disease (AD), age- 
matched controls, and young adults. Vertical 
bars indicate the SEM. 


measures far more than amplitude mea- 
sures. Second, in our experiment, fol- 
lowing the study period for a given 
memory set size, all testing was carried 
out with single-letter presentations. 
The only variable that differed from tri- 
al block to trial block was the number of 
letters a subject had to remember. 
Since the task was visual in nature un- 
der all conditions, possible peripheral 
visual abnormalities would have played 
an equal role in the case of testing with a 
memory set size of one letter, as well as 


with four or five letters. Yet, as indicat- 4. 


ed above, patients with probable AD did 
not differ from age-matched controls in 
P300 amplitude when a memory set size 
of one letter was required. 

The occurrence or nonoccurrence of a 
P300 potential in an individual is not, in 
itself, a useful marker of memory dys- 
function or of a disease process. Lack of 
this so-called cognitive ERP may be ob- 
served in various populations and may 
result from failure to cooperate with the 
test, inattention, ete. However, when 
the P300 is well formed with a minimal 
memory load and comparable in ampli- 
tude to that of controls, but is markedly 
diminished in amplitude or lost as the 
memory load increases, patients, in a 
sense, provide their own controls. Used 
in the manner described in this article, 
the modified Sternberg paradigm. pro- 
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vides a “stress test” of the integrity of 
the neural circuitry on which the regis- 
tration of new experience depends. 
That circuitry is likely to inelude the 
“hippocampal formation. 

The hippocampal formation is a struc- 
ture critically involved in the registra- 
tion of many forms of newly acquired 
information.*” There is now a substan- 
tial body of work indicating that the 
P300 potential may be generated in or 
near the hippocampus,” although it is 
still not certain that the scalp-recorded 
P300 has the same origin as that event of 
similar latency derived from indwelling 
electrodes in limbic cortex. Neverthe- 

“less, it seems likely that the P300 gener- 
ated in the context of a recent memory 
task, which is probably dependent on 
the hippocampus for its accurate perfor- 
mance, reflects the action of hippocam- 
pal neurons. Although the correctness 
of this assumption is not crucial for our 
conclusion, it is of interest that a direct 
relationship between hippocampal cell 
loss or pathology and P300 abnormali- 
ties has been found in two recent studies 
of epileptic patients.” 

Hippocampal pathology or disconnec- 
tion has been amply demonstrated in 

. AD and is thought to be responsible for 
the memory impairment associated 
with the early stages of the disorder.°“ 
We suggest that the recording of ERPs 
in the context of the Sternberg para- 
digm, as modified in our hands, may 
prove to be especially sensitive for the 
detection of hippocampal abnormalities. 
Since disturbance in the acquisition of 
new information is one of the hallmarks 
of probable AD, the P300 test described 
herein may provide a sensitive, nonin- 
vasive, diagnostic tool or marker during 
the very early stages of the disease. 
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Retrospective Postmortem Dementia Assessment 


Validation of a New Clinical Interview to Assist Neuropathologic Study 


“Paula B, Davis, MD; Heidi White, MD; Joseph L. Price, PhD; Daniel McKeel, MD; Lee N. Robins, PhD 


e Neuropathologic studies of dementia 
and normal aging suffer from a lack of indi- 
viduals examined for the presence and se- 
verity of dementia before death. To increase 
Clinical information in such cases, a retro- 

. Spective collateral interview was developed. 
Thirty-nine individuals were studied; 27 had 
autopsies. in- all cases, the autopsy con- 

<; firmed the Retrospective Collateral Demen- 
"tla Interview (RCDI) diagnosis of the pres- 
“ence of absence of dementia; the RCD! had a 
sensitivity of 88% and a specificity of 80% for 
Specifically detecting probable Alzheimer’s 
disease. Agreement between the RCDI and 
premortem diagnosis was 96%; between 
RCDI and medical records, 100%. Agreement 
between RCDI staging of dementia severity 
and the last assessment of the living subject 
was 70%; between the RCD! and a brief stag- 
ing at death, 86%. This validation confirms 
the value of postmortem interviews with 
close informants to assess dementia pres- 
ence and severity. 
{Arch Neurol. 1991 ;48:613-617) 


N europathologic findings of appropri- 
ate numbers and distribution of 


neurofibrillary tangles and senile 
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plaques’ remain the gold standard for 
the diagnosis of senile dementia of the 
Alzheimer type (SDAT). To understand 
the spectrum of disease, brain tissue 
from persons of a broad range of ages 
and disease severity, including nonde- 
mented persons, is highly desirable. 
Clinicopathologic studies of SDAT and 
normal aging, however, are plagued by 
a lack of individuals who are examined 
for the clinical presence and severity of 
dementia before death. Even in longitu- 
dinal studies of healthy aging and senile 
dementia, few individuals come to au- 
topsy at a young age or in very mild or 
moderate stages of dementia. Further, 
as dementia progresses, it is more diffi- 
cult for subjects in longitudinal studies 
to be examined for revised staging of 
their dementia severity. 

In the living subject, the most com- 
mon source of information about a cogni- 
tively impaired person is an interview 
with an informant, someone who is 
aware of the person’s cognitive and 
functional abilities or impairment.” The 
same resource is often available after 
death. The psychiatric literature sup- 
ports the value of such collateral-source 
information after death in the case of 
suicide.” A carefully constructed in- 
strument to interview a knowledgeable 
collateral source has been shown to be 
useful and reliable.* 

Kukull and Larson’ used a mailed 
questionnaire to elicit collateral-source 
information after death to establish a 
diagnosis of primary degenerative de- 
mentia. While highly sensitive, the 
questionnaire had low specificity. We 
have devised a collateral-source inter- 
view to be used specifically after death. 
This article presents our study of this 


interview’s validity in making a diagno- 
sis of the presence or absence of demen- 
tia, a differential diagnosis of SDAT, — 
and a staging of dementia severity. 


PATIENTS AND METHODS 


The Retrospective Collateral Dementia 
Interview (RCDD) is a retrospective, struc- 
tured telephone interview, conducted with a 
knowledgeable collateral source, that takes 
approximately 40 minutes. It was adapted 
from the Informant Interview given in the 
Adult. Lifestyle and Function Study (1986 
and 1987; L. N. Robins, MD, R. E Fisch- 
bach, MD, and P.B.D.), a follow-up study 
conducted in St Louis, Mo, of elderly- partici- 
pants in the Epidemiologic Catchment Area 
Study (1981 and 1982) conducted in five sites 
(including St Louis) by the National Institute 
of Mental Health, Bethesda, Md.*° The inter- 
view includes questions about the relation- 
ship between the collateral source and the 
subject (eg, family or friend and frequency of 
contact), the circumstances of the subject's 
death, basic sociodemographic information, 
and family history of memory disorders. It 
further asks about aphasia (problems with 
speech and writing); medical conditions, es- 
pecially those pertinent to memory (eg, de- 
pression, Parkinsons disease, stroke, and 
seizure disorder); and other factors that can. 
affect cognition (eg, hearing and vision disor- 


ders and alechol and medication use). It also =. | 


queries the expression of the dementing ill- 
ness, such as behavioral problems and 
changes in personality and judgment. 
Regarding memory and orientation, quès- 
tions are posed to elicit the onset, course, and 
nature of the problems, ie, recent and/or re- 
mote memory (by specific items) and orienta- 
tion to person, place, and time (by specifie. 
items), The RCDI includes questions. opera- 
tionalizing the Blessed Dementia Scale 
items" and the Activities of Daily Living seale 
of Katz et al.” These questions are not pre- = 
sented in order as a single set but, rather, are. 
distributed throughout the interview. Thus; 
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Table 1.—Demographic 
Characteristics of Postmortem 
Sample (N = 39) 


Age, y (No. of subjects) 
54-64 (6) 
65-74 (5) 
75-84 (21) 
85-95 (7) 
Mean age, 76.4 
Education, y* 
Mean schooling, 11.7 
Range, 8-16 
Gender 
M, 17 
F, 22 


* information was missing in 18 cases. 


the clinician is unaware of the subject’s score 
on the Blessed Dementia Scale during as- 
sessment and assignment of severity stag- 
ing. The RCDI was given by either a physi- 
cian trained and experienced in dementia 
evaluation or a senior medical student 
trained in its administration. (The interview 
was conducted in one case as a written ques- 
tionnaire at the request of the collateral 
source.) Interviews conducted by the stu- 
dent were reviewed with the physician, who 
assigned a diagnosis and severity rating. The 
interviewer was blinded to all other informa- 
tion regarding the patient when giving and 
scoring the interview. 

Information obtained in the interview al- 
lowed the clinician to assign diagnoses in ac- 
cordance with the Work Group Criteria of 
the National Institute of Neurological and 
Communicative Disorders and Stroke 
(NINCDS), Bethesda, Md, and the Alz- 
heimer’s Disease and Related Disorders As- 
sociation (ADRDA), Chicago, Ill, for proba- 
ble Alzheimer’s disease." Briefly, SDAT was 
diagnosed when dementia, consisting of 
memory loss and impairment of other cogni- 
tive abilities, began insidiously and followed 
a gradually progressive course for 6 months 
or longer in the absence of other disorders 
that could account for these changes. Possi- 
ble SDAT was diagnosed when the above 
criteria were fulfilled, but either the course 
was atypical or another (or more than one 
other) contributing disorder was also pre- 
sent. To compare with neuropathologic find- 
ings at autopsy, the contributing disorders 
considered were vascular dementia and Par- 
kinson’s disease." Subjects who had no in- 
tellectual dysfunction were considered cog- 
nitively normal. 

Diagnoses made solely from the RCDI 
were compared with (1) diagnoses given by a 
physician examining the live subject at the 
Washington University Alzheimer’s Disease 
Research Center (ADRO), St Louis, Mo, us- 
ing criteria” developed earlier but essential- 
ly identical to that of NINCDS-ADRDA; (2) 
medical records; and (3) neuropathologic 
findings from autopsy. All neuropathologic 
autopsies were reviewed by a single neuro- 
pathologist. Autopsy cases were divided into 
the following three groups: cognitively nor- 
mal, pure Alzheimer's disease (AD) (accord- 
ing to Khachaturian’s criteria’), or other 
dementias. 
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Table 2.—Comparison of Retrospective Collateral Dementia Interview (RCD!) Diagnoses 
With Neuropathologic Autopsy Diagnoses 


ls Dementia Present? (N = 27) 


Neuropathologic Autopsy 
for Dementia 
F ssaeeneeeneennaneeeennianemmmnnmnestinmememmentmeenennemeememnnenmmmennae 
Present Absent 





Present 


RODI diagnosis for dementia } 
Absent 

Sensitivity, %, 100 

Specificity, %, 100 

Prevalence, %, 78 

Positive predictive value, 1 


Negative predictive value, 1 


21 i?) 
is) 6 





When Present, What Type is the Dementia? (N = 21) 


Probable 


Autopsy Diagnosis 
_rroeenaeeectememenanmteecemanntenttttetrt neen, 
Pure AD Other Dementia 

14 1 





Clinical Diagnosis (RCDI) for 
Alzheimer’s disease (AD) 


Possible 


Sensitivity for pure AD, %, 88 
Specificity for pure AD, %, 80 
Prevalence, %, 76 

Positive predictive value, .93 
Negative predictive value, .67 


Dementia severity was scored using the 
Clinical Dementia Rating (CDR), a rating 
scale of the subject’s overall dementia sever- 
ity. +" Six areas of function (memory, orien- 
tation, judgment and problem solving, com- 
munity affairs, home and hobbies, and 
personal care) are assessed, and an overall 
rating is assigned according to established 
rules. The CDR scores are as follows: CDR 0, 
normal; CDR 0.5, questionable (or very mild) 
dementia; CDR 1, mild dementia; CDR 2, 
moderate dementia; and CDR 3, severe de- 
mentia. Severity ratings from the RCDI 
alone were compared with the following: (1) 
the CDR given at the last assessment of the 
living subject and (2) the CDR obtained from 
a brief (10- to 15-minute), semistructured, 
telephone ADRC Expiration Interview con- 
ducted at the time of the subject’s death. 

The rating of dementia severity from the 
full RCDI (the CDR) was also compared with 
the summary score of the Blessed Dementia 
Scale’ items embedded within the RCDI. 
The full Blessed Dementia Scale is scored 
with a range of 0 (normal) to 28 (severely 
impaired); while all items were included in 
the RCDI, the scores of 0.5 were unavailable 
for four items (could only score 0 or 1); and 
scores of 1 were unavailable for one item 
(could only score 6, 2, or 3). The Blessed 
Dementia Scale consists of the following two 
subtests: the Blessed Dementia Scale-Cog- 
nitive, scored 0 (normal) to 17 (severely im- 
paired); and the Blessed Dementia Scale- 
Personality, Interests, and Drives, ranging 
from 0 (normal) to 11 (severely impaired). In 
a previous study of living subjects in the 
Memory and Aging Project and the ADRC of 
Washington University, subjects’ scores on 
the Blessed Dementia Scale and Blessed De- 
mentia Seale-Cognitive were highly corre- 
lated with their CDR scores (0.79 and 0.84, 
respectively). ® 

After explaining the nature of the study 
and obtaining consent, collateral sources of 


2 4 


the following subjects participated: 23 
ADRC subjects who died from July 1986 
through January 1989, four persons who do- 
nated their bodies to the Washington Uni- 
versity School of Medicine, and 12 persons 
from the general autopsy service. Collateral 
sources were spouses (17 individuals), adult 
daughters (14 individuals), adult sons (three 
individuals), siblings (three individuals), 
daughter-in-law (one individual), and a non- 
relative (one individual). The mean time from 
death until the interview was conducted was 
8 months (range, 2 to 21 months). Demo- 
graphie characteristics of the subjects stud- 
ied are presented in Table 1. 

Brains were available from 18 of 23 ADRC 
subjects, two of four participants in the body- 
donation program, and seven of 12 individ- 
uals who underwent general autopsies. All 23 
ADRC subjects had a diagnosis and severity 
staging obtained in life; 21 of these 23 sub- 
jects had a restaging of dementia severity 
from the brief ADRC Expiration Interview 
at death. Medical records were available in 
all but one case; that person had a neuropath- 
ologic autopsy, however. 


RESULTS 
Diagnosing Dementia 


Six subjects diagnosed by the RCDI 
as cognitively normal had autopsies, 
and all were confirmed to be cognitively 
normal (Tables 2 and 3). Twenty-one 
subjects diagnosed by the RCDI as hav- 
ing SDAT alone or with another de- 
menting illness underwent autopsies, 
and all were confirmed to have SDAT. 
Further, 15 of these subjects were con- 
sidered to have probable SDAT from 
the interview—14 of these subjects 
were confirmed as pure AD neuropath- 
ologically, and the last had mixed de- 
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Table 3.—Diagnoses and Severity Ratings 
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PAD: atypical AD, 


early aphasia (Pick-Alzheimer 
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PAD: AD + vascular = 
a AD + PD 


Other: atypical AD 


spectrum) 


OlfOpPMiala 


fes 
o 
mn 














PAD: atypical AD, 
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* Diagnoses from Retrospective Collateral Dementia Interview (RCD): CN indicates cognitively normal; AD, 
probable Alzheimer’s disease; PAD, possible Alzheimer's disease; and PD, Parkinson's disease. 
tDiagnoses from neuropathologic autopsy; CN indicates cognitively normal; AD, pure Alzheimer’s disease; 


and other, AD and other iliness(es). 


¥#CDR indicates Clinical Dementia Rating; CDR scores as follows: 0, no dementia; 0.5, questionable demen- 
tia; 1, mild dementia; 2, moderate dementia; and 3, severe dementia. 


§No premortem assessment available; medical records 
and confirmed possible AD for case 38. 


mentia, vascular and AD, at autopsy. Of 
six cases diagnosed by the RCDI as pos- 
sible SDAT, four were confirmed as 
atypical AD or as having another de- 
menting disorder in addition to AD. The 
other two cases had only AD at autopsy. 
Thus, the RCDI had 100% sensitivity 
and specificity for detecting the pres- 
ence or absence of dementia and had 
88% sensitivity and 80% specificity for 
detecting pure AD from mixed demen- 
tias that included AD. 

We next compared diagnoses from 
the RCDI with those made when the 
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confirmed cognitively normal for cases 29 through 34 


subject was alive (23 subjects). Three 
subjects were diagnosed as cognitively 
normal both by the RCDI and the last 
premortem clinical assessment. One 
subject was diagnosed as having proba- 
ble AD by the RCDI; she was consid- 
ered cognitively normal at the last clini- 
cal assessment. Of the other 15 subjects 
diagnosed by the RCDI as having prob- 
able SDAT, premortem assessment 
agreed with the RCDI assessment in all 
cases. Three subjects were diagnosed 
by the RCDI as having possible SDAT. 
Two of these three individuals had been 


considered to have possible AD at their 
last premortem clinical assessment and 
one had probable AD. One subject had 
vascular dementia by both the RCDI 
and the clinical assessment. 

Diagnoses from the RCDI were con- 
firmed by review of medical records, 
given their limitations.” Thus, by com- 
parison with all available standards the. 
RCDI always detected dementia if pre- 
sent and always detected normal cogni- 
tive function (case 7 had been consid- 
ered normal at the last clinical 
assessment, was diagnosed as probable 
AD by the RCDI, and was confirmed as 
pure AD by autopsy). The RCDI mis-. 
classified two cases of AD as possible __ 
AD, and one case of mixed dementia as 
pure AD. 





Determining the Severity of Dementia 


The RCDI also performed well at. 
staging dementia severity. There was 
70% agreement between the CDR from 
the RCDI and the CDR from the last 
premortem clinical assessment, and 
86% agreement between the RCDI-. — 
generated CDR and the ADRC Expira- 
tion Interview CDR (Table 3). Increas- 
ing the time from the last clinical 
assessment to death had little effect on 
the agreement of the retrospective in- 
terview with premortem staging of se- 
verity (Table 4); neither did more 
elapsed time lessen agreement between 
the RCDI and the ADRC Expiration 
Interview. Differences between the 
retrospective interview staging and _ 
premortem staging by CDR category 
were noted, with less agreement seen. 
for the CDR scores of 0.5, 1, and 2 than _ 
for the CDR scores of 0 or 3. The three 
cases showing discrepancies in staging 
between the RCDI and the ADRC Ex- 
piration Interview all were rated as 
more severely affected by the REDI. > | 
Older subjects were no more difficult to 
assess than were younger subjects, al- 
though most cases fell into one age cate- 
gory (75 to 84 years). a 

We also compared the global CDR 
derived from the RCDI with the rating 
from the embedded Blessed Dementia 
Seale’ items. Using the full Blessed De- 
mentia Scale or the Blessed Dementia — 
Scale-Cognitive, good correlation be- 
tween the briefer tests and the global 
CDR was established (0.71 and 0.74, 
respectively). 








COMMENT 


A structured, retrospective tele- | 
phone interview with a knowledgeable > 
collateral source conducted after asub- 
ject’s death provides both a valid identi- 
fication of dementia and a diagnosis of 
SDAT. These findings make the retro- 
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Table 4.—Factors Potentially Influencing Retrospective Collateral Dementia Interview 


Severity Staging 


Subjects With 
Premortem % 
Assessment Agree- 


Factor (N = 23) ment’ 


Subjects With 
ADRC Expiration % 
interview CDR Agree- 


Factor {N = 21) mentt 





Time from last 
clinical 
assessment to 


Time from 
death to 
RCDI, mo 


<6 








7-12 





212 





CDR from last 
Clinical 
assessment, 
score 


CDR from ADRC 
expiration 
interview, 
score 





0.5 


0.5 





























* Percent agreement of retrospective interview Clinical Dementia Rating (CDR) with CDR from last clinica! as- 


sessment. 


tPercent agreement of retrospective interview CDR with CDR from Expiration Interview of the Alzheimer's Dis- 
ease Research Center (ADRC), Washington University, St Louis, Mo. 


spective telephone interview a valuable 
additional source of clinical information 
for neuropathologic studies of dementia 
and normal aging. An interview con- 
ducted by either an experienced demen- 
tia researcher or a well-trained inter- 
viewer, with subsequent review and 
assignment of the diagnosis by an expe- 
rienced dementia researcher, yielded 
both the high sensitivity of Kukull and 
Larson's’ mail questionnaire and high 
specificity. The appropriate classifica- 
tion of all cognitively normal subjects is 
an exciting finding, suggesting that the 
RCDI will be very useful in document- 
ing normal cognitive function in sub- 
jects (young and old) not clinically as- 
sessed before death whose brains are 
available for neuropathologie study. 
Case 7, in which the RCDI and premor- 
tem assessment disagreed, involved a 
subject followed up prospectively for 7 
years as a healthy control. At the sec- 
ond-to-last clinical assessment, the sub- 
ject was rated as having questionable or 
very mild dementia (CDR, 0.5). Howev- 
er, the last assessment before death 
rated the subject cognitively normal 
(CDR, 0). The subject died 9 months 
after her last assessment and had the 
classic findings of AD on neuropatho- 
logic autopsy. The RCDI, which was 
conducted blinded to the above informa- 
tion, had rated the subject as having 
questionable or very mild dementia 
(CDR, 0.5). This suggests that this in- 
strument will be helpful even in well- 
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studied individuals who have not been 
examined recently. 

All cases of dementia were identified, 
and the differential diagnosis of proba- 
ble-vs-possible AD had high sensitivity 
and specificity. The ability of the inter- 
view to identify probable AD in samples 
with a lower AD prevalence, more rep- 
resentative of the population at large 
(50% to 60%), and the impact of the 
increased misclassification of mixed 
cases should be reassessed for its use in 
other settings. We were limited to very 
few cases of vascular dementia in our 
sample because of the recruitment pat- 
tern in the ADRC. In this study, case 
21, misclassified by the RCDI as proba- 
ble AD, had neuropathologic findings of 
Binswanger’s type arteriosclerotic leu- 
koencephalopathy™ in addition to AD. 
The clinical expression of mixed Bins- 
wangers type leukoencephalopathy 
and AD is difficult to differentiate from 
AD.” Case 26 was classified as possible 
AD (AD plus vascular) by the RCDI and 
pure AD by autopsy; ease 27, classified 
as possible AD (AD plus Parkinson's 
disease) by the RCDI but which was 
pure AD by autopsy, was the case in 
which the informant refused a tele- 
phone interview but completed the in- 
terview as a mailed questionnnaire. Al- 
though the RCDI generally did well, its 
ability to differentiate pure AD from 
mixed cases may be enhanced by asking 
more questions about the extent of im- 
pact of reported strokes or Parkinson's 


disease and about the full course of de- 
mentia progression (not just onset and 
last year). 

The RCDI can also detect: clinical di- 
agnoses, such as emphysema, alcohol- 
ism, cancer, depression, and medication 
effects, that are not standardly as- 
sessed by neuropathologic autopsy but 
that may contribute to the individual's 
clinical presentation and modify the 
course of the individual's disease. Fur- 
ther exploration of additional neuro- 
pathologic studies (eg, measuring the 
extent of involvement of Sommer's sec- 
tor to assess hypoxia” or evaluating the 
degree of loss of cerebral white matter 
relative to cortex” and neuronal loss in 
the medial mamillary bodies to assess 
the chronic toxic effects of alcohol”) 
would be interesting to help sort out the 
pathophysiologic implications of these 
other disorders. 

The retrospective interview also pro- 
vides valid staging of dementia sever- 
ity. We had expected cases with longer 
intervals between the premortem as- 
sessment and death to show greater dis- 
parity in severity staging because of 
progression of the disease. We actually 
found little effect, probably because 
most patients were either normal 
(CRD, 0) or severely demented (CDR, 
3) at death. 

We also expected to find greater dif- 
ferences in agreement between the ret- 
rospective interview staging and pre- 
mortem staging for cases in CDR 
categories that were more likely to pro- 
gress and harder to assess (eg, CDR 
score of 0.5).""* While we did find less 
agreement for CDR scores of 0.5, 1, and 
2 than for CDR scores of 0 and 3, our 
sample had few subjects in those catego- 
ries. As interobserver agreement is 
greatest for the extremes of normal cog- 
nitive function and severe dementia, 
our sample is more likely to show good 
agreement because most subjects were 
in these categories. Whether or not 
some CDR categories are truly more 
difficult to assess by retrospective in- 
terview will require studying more pa- 
tients with scores of 0.5, 1, and 2 at 
death. 

We thought differences in accuracy of 
staging by the age of the subjects might 
be possible, ie, it might be even harder 
to discern questionable or mild demen- 
tia from “normal aging” in subjects old- 
er than 80 years of age than in those who 
were younger. Older subjects were no 
more difficult to assess than those who 
were younger; however, 21 of our 39 
subjects were 75 to 84 years old when 
they died. 

One instance of disagreement in stag- 
ing between the RCDI and the ADRC 
Expiration Interview is the case dis- 
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cussed above with a CDR score of 0.5 by 
the RCDI, a diagnosis of probable AD, 
and confirmation of AD at autopsy, but 
that was rated cognitively normal 
: (CDR, 0) by both the last premortem 
assessment and the ADRC Expiration 
Interview. A subject’s CDR rating of 1 
(mild dementia) by the ADRC Expira- 
tion Interview was rated 3 (severe de- 
mentia) by the RCDI; this individual 
had severe aphasia and hepatic carcino- 
ma that we thought interfered with cog- 
nitive function. 
Several factors may explain the in- 
complete agreement of staging from the 
retrospective interview with that from 
,, the ADRC Expiration Interview. When 

the CDR is assigned at death by ADRC, 

„the 15-minute interview is conducted 
‘soon, usually within 1 to 7 days of death, 
-and is usually conducted by the nurse 
rather than by the physician. As the 
telephone call also has other purposes 
than assigning a CDR, the call is usually 
placed to the spouse or whoever lived 
with the subject, even if that person was 
not the collateral source who accompa- 
nied the subject to premortem assess- 
ments. Open-ended questions provide 
some information about the immediate 
circumstances of death. Last, the inter- 
viewer knows the CDR assigned at the 
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last clinical assessment. 

The RCDI, by contrast, was usually 
performed after the period of acute grief 
(22 months). This introduces the possi- 
bility that the collateral source will have 
forgotten pertinent information. It was 
longer (about 40 minutes), fully struc- 
tured, and done with the person who 
had served as the collateral source for 
premortem assessment. The interview- 
er was blinded to any information about 
the subject, including prior CDR score. 
The RCDI gathered more information 
about other medical illnesses (and medi- 
cations), which often had also pro- 
gressed since the last clinical assess- 
ment. These earlier minor problems 
had, at times, progressed to a degree 
such that we thought these problems 
also contributed to the subjects im- 
paired cognition. 

Comparing results from the RCDI 
with a well-studied index, the Blessed 
Dementia Scale and its subtests,’ also 
confirmed its good performance in stag- 
ing dementia severity. 

A structured, retrospective inter- 
view with a knowledgeable collateral 
source properly diagnosed the presence 
or absence of SDAT and staged its se- 
verity. Use of the interview in larger 
samples with greater representation of 
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- Neuropathologic and Neurochemical Correlates 
of Psychosis in Primary Dementia 


George S. Zubenko, MD, PhD; John Moossy, MD; A. Julio Martinez, MD; Gutti Rao, MD; 
Diana Claassen, MD; Jules Rosen, MD; Ursula Kopp 


è Neuropathologic and neurochemical 
correlates of psychosis were determined us- 
ing brain tissue from 27 autopsy-confirmed 
cases of Alzheimer's disease. The densities 
of senile plaques and neurofibrillary tangles 
were determined in the middle frontal and 
superior temporal cortex, the prosubiculum, 
and the entorhinal cortex of the hippocam- 
‘pus. The concentrations of norepinephrine, 
`- dopamine, and serotonin, the metabolites of 
these biogenic amines, and the specific ac- 
tivity of choline acetyltransferase were also 
determined in these four cortical regions as 
well as in the substantia nigra, thalamus, 
amygdala, and caudate nucleus. Psychosis 
was associated with significantly increased 
densities of senile plaques and neurofibril- 
lary tangles in the prosubiculum and middie 
frontal cortex, respectively, with trends to- 


Psychosis, as defined by the presence 

of delusions or hallucinations, is a 
common behavioral complication of pri- 
mary dementia in the elderly, and in 
Alzheimer’s disease (AD) in particular. 
In fact, psychosis was present in the 
original case deseribed by Alzheimer in 
1907.' Estimates of the prevalence of 
psychosis in AD obtained from cross- 
sectional studies of clinically diagnosed 
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ward increased densities of these lesions in 
the other areas examined. This finding is 
consistent with the increased rate of cogni- 
tive decline that accompanies this behavior- 
al disorder. Psychosis was also associated 
with the relative preservation of norepineph- 
rine in the substantia nigra, with trends in 
this direction for five of the remaining seven 
brain regions examined, and a significant re- 
duction of serotonin in the prosubiculum 
that was accompanied by trends toward re- 
duced levels of serotonin and 5 hydroxyindo- 
leacetic acid in the remaining regions. The 
profile of neurcpathologic and neurochemi- 
cal changes associated with psychosis is 
distinct from that previously reported for ma- 
jor depression in the context of primary 
dementia. 
(Arch Neurol. 1991 ;48:619-624) 


patients evaluated in diverse clinical 
settings have ranged from 10% to 73%, 
with most estimates in the range of 28% 
to 38%.’ In recent prospective, longitu- 
dinal studies, psychosis has been re- 
ported to emerge in approximately half 
of the patients with clinically diagnosed" 
or histologically confirmed’ AD prior to 
death. Therefore, this behavioral syn- 
drome constitutes an important source 
of comorbidity in patients with AD. 

In addition to its relevance to clinical 
management, the development of psy- 
chosis in the context of AD has prognos- 
tic significance. Patients with psychosis 
exhibit a more rapid cognitive decline,” 
but not a higher rate of mortality,™ than 
patients who do not develop this syn- 
drome. These observations contrast 
with those for major depression, anoth- 


er common behavioral source of comor- 
bidity in AD, which appears to be ae- 
companied by an increased rate of 


mortality,” but not an increased rate of 


cognitive decline." 

The clinical and prognostic distinc- 
tions of psychosis and major depression 
provide evidence that supports the va- 
lidity of these diagnoses in primary de- ` 
mentia, and also suggests that the 
neuropathologic and neurochemical de- 
terminants of these syndromes may not 
be identical. Chronic idiopathic psycho- ` 
ses that typically occur earlier in life 
have been reported to be accompanied ` 
by a selective decrease in blood flow” 
and decreased glucose metabolism”” in 
the frontal cortex, and by cell loss and 
cytoarchitectural abnormalities in the 
neocortex and hippocampus.”” These 
findings in such an etiologically hetero- 
geneous group of patients suggests that 
they may also be relevant to psychoses 
of later onset, including those associat- 
ed with neurodegenerative disorders. 
In contrast, major depression in prima- 


ry dementia is associated with selective © 


degeneration of aminergic nuclei in the 
brain stem,°**’ but no increase in the 
density of senile plaques (SP) or neurofi- 
brillary tangles (NFT) in the cerebral 
cortex.’ 

Based on these considerations, we 
performed a clinicopathologic study of 
psychosis using brain tissue from 27 pa- 
tients who died with histologically con- 
firmed AD. The densities of SP and 
NFT were quantified in four cortical 


regions, and the concentrations of bio- = | 


genic amines and their metabolites, 
along with the specific activity of choline - 
acetyltransferase, were determined in 
eight cortical and subcortical regions. 
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Morphologie and neurochemical corre- 
lates of psychosis are described and 
compared with those previously report- 
ed for major depression in 37 patients 
with primary dementia. In our previous 
study, 30 of 37 patients also met the 
histologie criteria for AD." 


SUBJECTS AND METHODS 


Clinical Assessments and Subject 
Population 


Subjects were referred from an ongoing 
longitudinal study of AD and related demen- 
tias. Written informed consent was provided 
by the patient’s legal guardian (usually the 
next of kin) along with the patient’s assent at 
the time of entry into the study. Written 
informed consent. for autopsy was also pro- 
vided by the legal guardian at the time of 
death, The 27 patients (13 males, 14 females) 
included in this study met consensus clinical 
criteria for probable or possible AD” and the 
Diagnostic and Statistical Manual of Men- 
tal Disorders-II-Revised criteria for prima- 
ry degenerative dementia of the Alzheimer 
type,” as applied by board-certified neurolo- 
gists and psychiatrists. The clinical and lab- 
oratory procedures used to operationalize 
these diagnostic criteria have been described 
in detail previously.*** All 27 cases also met 
histopathologic criteria for AD, based on 
age-specific densities of SP and NFT.” 


Psychiatric and Neurologic Assessments 


Patients received complete psychiatric 
and neurologic examinations at the time of 
entry into the study, and these examinations 
were repeated annually until death. Each 
psychiatric examination included, but was 
not limited to, an assessment conducted ac- 
cording to the guidelines of the Initial Evalu- 
ation Form, a standardized instrument that 
specifies and defines the items to be covered, 
yet allows the clinician the flexibility to ad- 
just to the order of items in the interview to 
probe for the information required.” The 
sections of the form include history of pre- 
sent illness; symptom inventory with specific 
items related to psychosis and to major de- 
pression; family, personal, and social history; 
physical health history and physical exami- 
nation; diagnostic formulation; and disposi- 
tion. Information is solicited from the 
patient, available caregivers, other in- 
formants, and documentary sources. This 
structured format was designed to cover all 
psychiatric disorders and has been validated 
for use in elderly psychiatric patients.” 

The definition of psychosis in the Diagnos- 
tic and Statistical Manual of Mental Disor- 
ders-III-Revised requires “gross impair- 
ment in reality testing and the creation of a 
new reality.”” According to this definition, 
delusions or hallucinations provide “direct 
evidence” of psychosis, but reasonable infer- 
ence of a disturbance in reality testing from 
disorganized behavior may also be used to 
satisfy this definition. Since disorganized or 
aberrant behavior in the context of dementia 
is often attributable to cognitive impairment 
rather than a disturbance of reality testing, 
the presence of delusions or hallucinations 
was required for the diagnosis of psychosis. 
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Delusions and hallucinations were also de- 
fined as described in Diagnostic and Statisti: 
cal Manual of Mental Disorders-HI-Re- 
vised.” A delusion was defined as “a false 
personal belief based on incorrect inference 
about external reality and firmly sustained in 
spite of what almost everyone else believes 
and in spite of what constitutes incontrovert- 
ible and obvious proof or evidence to the 
contrary.” Moreover, “the belief is not one 
ordinarily accepted by other members of the 
person’s culture or subculture.” A hallucina- 
tion is “a sensory perception without exter- 
nal stimulation of the relevant sensory or- 
gan.” In our assessments, persistent 
misidentification syndromes were invariably 
associated with paranoid delusions and 
therefore did not present a practical problem 
in establishing the presence of psychosis. 
Psychotic symptoms that emerged only in 
the context of delirium were not included. 
The definition of psychosis employed in this 
study is similar to that employed in previous 
studies of psychosis in demented patients.”° 
Since the Diagnostic and Statistical Manual 
of Mental Disorders-III-Revised is ambigu- 
ous about the affective and vegetative symp- 
toms required for establishing the diagnosis 
of primary degenerative dementia of the Alz- 
heimer type “with depression,” the criteria 
for major depression were employed. The 27 
subjects enrolled in our investigation were 
included in a previously published longitudi- 
nal study of the emergence of psychosis and 
depression in AD.’ 


Neuropathologic Methods 


All brains were removed by a neuropatho- 
logist as a first procedure for the autopsy as 
previously described.*”*“ After weighing 
the unfixed brain, the brain stem and cere- 
bellum were separated by intercollicular sec- 
tion. The cerebral hemispheres were initially 
sectioned in the coronal plane at the anterior 
border of the optic chiasm and the infundibu- 
lum of the pituitary. The hemispheres were 
then sectioned at 1-cm intervals and cooled 
by ice to retard autolysis. The brain stem and 
cerebellum were sectioned in the transverse 
plane at 0.5-em intervals. Uniform tissue 
samples for neurochemical studies were ob- 
tained from anatomic areas using a pituitary 
biopsy rongeur and frozen at ~70°C until 
biochemical studies were performed. After 
sampling for neurochemical studies, the 
brain sections were fixed flat in buffered 4% 
formaldehyde solution for at least 2 weeks. 
Tissue blocks for light microscopy were then 
obtained from undisturbed sections corre- 
sponding as exactly as possible to the areas 
adjacent to those sampled for neurochemical 
studies. Following standard tissue process- 
ing and paraffin embedding, a general survey 
was made with hematoxylin-eosin-stained 
sections, and 8-ym-thick sections stained 
with the Bielschowsky silver impregnation 
method were evaluated. Selected sections 
were also stained with congo red for amyloid 
and with a combined Nissl-myelin technique, 
with the Masson trichrome stain, and for glial 
fibrillary acidic protein. 

Morphometry of coded samples was per- 
formed by neuropathologists who were un- 
aware of the associated demographic and 
clinical information. The densities of SP and 


NFT per magnification field (x 200) were 
determined for the middle frontal and superi- 
or temporal cortex, as well as the prosubicu- 
lum and entorhinal cortex of the hippocam- 
pus, as previously described.“ Estimates 


of repeated-rater and inter-rater reliability ` 


were 0.84 or greater, and have been de- 
scribed in detail elsewhere.” 


Neurochemical Methods 


In addition to the four cortical regions sub- 
jected to morphometry, neurochemical anal- 
ysis was performed on tissue obtained from 
the substantia nigra, thalamus, amygdala, 
and caudate nucleus. The concentrations of 
the neurotransmitters norepinephrine (NE), 
dopamine (DA), and serotonin (5-HT), as 
well as the NE metabolite 3-methoxy-4-hy- 


droxyphenylglycol (MHPG), the dopamine 4° 


metabolites 3,4-dihydroxyphenylacetic acid 
(DOPAC) and homovanillic acid (HVA), and 
the serotonin metabolite 5-hydroxvindolea- 
cetic acid (5-HIAA) in brain tissue were de- 
termined by reversed-phase, high-pressure 
liquid chromatography with electrochemical 
detection as previously described.” The 
sensitivity of this analytic method was in the 
range of 0.05 to 0.10 pmol for the biogenic 
amines and their metabolites. 

Since MHPG is largely present in conju- 
gated forms in brain tissue, the measure- 
ment of this noradrenergic metabolite re- 
quired an initial hydrolysis step for 
quantitative recovery.” Samples of brain tis- 
sue (20- to 40-mg samples) were homoge- 
nized in 15 volumes of 1 N acetic acid contain- 
ing 3,4-dihydroxybenzylamine as an internal 
standard. After 15 minutes at 4°C, the result- 
ing homogenates were adjusted to pH 4 by 
the addition of 6 N sodium hydroxide 
(6 »L/300 uL homogenate), clarified by cen- 
trifugation at 30 000 g for 10 minutes at 4°C, 
and analyzed by reversed-phase high-pres- 
sure liquid chromatography . 

For the remaining neurochemical determi- 
nations, tissue samples were homogenized at 
4°C in 9 volumes of 75 mmol/L of phosphate 
buffer (pH 7.4) containing freshly added 3,4- 
dihydroxybenzylamine as an internal stan- 
dard, and aliquots were removed for the 
measurement of choline acetyltransferase 
(EC 2.3.1.6) activity. The remainder of each 
homogenate was immediately acidified to pH 
4 by a 1:3 dilution with freshly prepared mo- 
bile-phase lacking acetonitrile (100 mmol/L 
of sodium phosphate, 1 mmol/L of 1-heptane- 
sulfonic acid, and 1 mmol/L of ethylenedia- 
minetetraacetic acid, adjusted to pH 2.9 with 
saturated citric acid) to ensure the stability 
of the biogenic amines and their metabolites. 
Inclusion of the internal standard at the time 
of homogenization control for any degrada- 
tion of the biogenic amines that may have 
occurred during the interval at neutral pH 
and 4°C. Separate control experiments indi- 
cated that less than 10% degradation oc- 
curred under these conditions. The resulting 
suspensions were homogenized again and 
clarified by centrifugation at 33 000g for 10 
minutes at 4°C. The protein concentrations of 
the pellets were determined by the method of 
Lowry and coworkers.” The supernatants 
were used directly to determine the tissue 
concentrations of the neurotransmitters and 
metabolites, with the exception of NE, which 
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could not be satisfactorily resolved from the 
solvent front. Instead, NE was adsorbed 
from an aliquot of each supernatant with alu- 
mina and recovered by extraction of the alu- 

« mina with 0.1 N perchloric acid. The concen- 

’ tration of NE was determined using the 
resulting perchloric acid extracts. For each 
brain, the concentrations of these com- 
pounds in corresponding regions from the 
left and right hemispheres were averaged 
and expressed as picomoles per milligram of 
protein. 

Choline acetyltransferase activity was as- 
sayed in tissue homogenates by a minor mod- 
ification of Fonnum’s method,” as previously 
described.” The 40-pL reaction mixtures 
contained 20 uL of homogenate and 20 pL of 
a solution of 600 mmol/L of sodium chloride, 

i; 40 mmol/L of magnesium chloride, 2 mmol/L 
of eserine, 50 mg/dL of bovine serum albu- 

min, 0,78 mmol/L of [acetyltritium]-coen- 

-zyme A. (5.52 mCi/mmol), and 5 mmol/L of 
‘choline iodide in 75 mmol/L of phosphate 
buffer at pH 7.4. After incubation for 20 min- 
utes at 38°C, the reactions were stopped by 
immersing the tubes in an ice bath. Labeled 
acetylcholine in each reaction mixture was 
extracted into 150 pL of 7.5% tetraphenyl- 
boron in 3-heptanone and quantified by sein- 
tillation spectrometry. Specific activities 
were calculated from duplicate assays and 
the average values from corresponding re- 
gions from the left and right hemispheres 
were expressed as nanomoles of acetyleho- 

"Jine synthesized per hour per milligram of 
protein. 


Statistical Analysis 


~The sex ratios in the groups of patients 

with or without psychosis were compared 
using Fisher’s Exact Test. Mean values of 
the continuous clinical, morphometric, and 
neurochemical variables were compared us- 
ing the Mann-Whitney-Wilcoxon rank sum 
test. Two-tailed tests of significance were 
employed. 


RESULTS 


All 27 subjects included in the study 
suffered from histologically confirmed 
: AD, as determined at autopsy. Demo- 
graphic and clinical characteristics of 
the study sample are presented in Table 
1. Thirteen of the patients (48%) devel- 
oped psychosis, as defined by the emer- 
gence of delusions or hallucinations, be- 
tween the onset of dementia and death. 
Psychosis remitted in only two of these 
13 cases prior to death. The observed 
prevalence of psychosis was consistent 
with previously reported results from 
other prospective studies of behavioral 
syndromes in AD.* Ten of the 27 pa- 
tients also met criteria for major de- 
pression, but were nearly equally dis- 
tributed between the groups with 
(n= 6) and without (n= 4) psychosis. As 
a group, patients who developed psy- 
chosis did not differ significantly in sex 
-Yatlo, mean age at death, mean age at 
onset. of dementia symptoms, mean du- 
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Table 1.—Demographic and Clinical Correlates of Psychosis in 27 Patients With 
Alzheimer's Disease * 












Psychosis 
peneme aeneae, 
Present 














Present No. ies 
Male /femaie 9/5 4/9 .13 




































Age at death, y 76.1 + 7.2 68.8 + 7.6 08 
Age at onset, y 69.2 + 7.6 6444 7.7 .16 
Duration of symptoms, y 5.9 + 2.0 §.5 + 2.5 55 
Postmortem interval, h 7.1448 7.0 + 6.7 34 















Brain weight, g 1224 + 203 1167 + 127 


* Sex ratios were compared with Fisher’s Exact Test. Means + SDs were compared using the Mann-Whit- 
ney-Wilcoxon summed ranks test. All tests of significance were two tailed. 


Table 2.—Densities of Senile Plaques in 27 AD Patients With or Without Psychosis * 


Psychosis 
(penn nn at er tan 
Absent 


Present 





Neocortex 
Middle frontal cortex 20.2 15.4 
Superior temporal cortex 16.3 + 10.4 

Aliocortex 
Prosubiculum 6 + 4.3 


26.5 + 9.7 
20.9 + 6.3 











Entorhinal cortex 7.3 


* AD indicates Alzheimer's disease. Means + SDs were compared using two tailed Mann-Whitney-Wilcoxon 
summed ranks tests. ` 
tStatistically significant difference. 


Table 3.—Densities of Neurofibrillary Tangles in 27 AD Patients 
With or Without Psychosis * 


Psychosis 
pIE AAAS CENA EEE 
Absent Present 








Neocortex 


Middle frontal cortex 46245 11.0 + 8.9 





Superior temporal cortex 9.9 + 8.4 


Allocortex 
20.5 + 14.6 


Prosubiculum 21.2 


Entorhinal cortex 10.8+ 69 
* NFT indicates neurofibrillary tangles; AD, Alzheimer’s disease. Means + SDs were compared using two 
tailed Mann-Whitney-Wilcoxon summed ranks tests. 
tStatistically significant difference. 








metabolites, and the specific activity of 
choline acetyltransferase were quanti- 
fied in the substantia nigra, thalamus, 
amygdala, and caudate nucleus. The re- 
sults of the brain regional analysis of 
NE, 5-HT, and 5-HIAA are presented 
in the Figure. Psychosis was associated 
with a significantly greater concentra- 
tion of NE in the substantia nigra that 
was accompanied by trends in this direc- 
tion for the three remaining subcortical 
areas and two of the four cortical re- 
gions. The levels of MHPG were deter- 
mined in the middle frontal and superior 
temporal cortex, entorhinal cortex, and 
caudate nucleus, for which adequate 
brain tissue was available. Psychosis 
was associated with trends toward 


ration of illness, mean postmortem in- 
terval, or mean brain weight, from 
those who did not develop psychosis. 

The relationship of psychosis to the 
cortical densities of SP and NFT is de- 
scribed in Tables 2 and 3. The develop- 
ment of psychosis was associated with 
significant increases in the mean densi- 
ties of SP and NFT in the prosubiculum 
and middle frontal cortex, respectively. 
Trends toward increases in the densi- 
ties of these morphologic lesions were 
also observed in the other three cortical 
regions examined. 

In addition to the four cortical regions 
subjected to morphometric analysis, 
the concentrations of the neurotrans- 
mitters NE, DA, and 5-HT, their major 
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Noradrenergic and serotonergic correlates of psychosis in Alzheimer's disease were examined in 
the middie frontal (MF) and superior temporal (ST) cortex, prosubiculum (HPR) and entorhinal 
cortex (HEN) of the hippocampus, substantia nigra (SN), thalamus (TH), amygdala (AM), and 
caudate nucleus (CA). Mean values are presented as histobars with standard errors. Statistically 
significant comparisons (P<.05) are marked by an asterisk. Metabolite 3-methoxy-4-hydroxyphen- 
yiglycol (MHPG) concentrations were determined only for the MF, ST, HEN, and CA regions. 
Respective mean levels of MHPG (= SE) in picograms per milligram were 0.84 + 0.21, 0.97 + 
0.29, 1.19 + 0.30, and 0.76 + 0.15 for patients without psychosis; 0.85 + 0.30, 1.04 + 0.28, 1.54 
+ 0.41, and 0.86 + 0.25 for patients with psychosis. 5-HIAA indicates 5-hydroxyindoleacetic acid; 
5-HT, serotonin; and NE, norepinephrine. 


greater MHPG levels in all four of these 
© regions, no one of which reached statis- 
¿tical significance. The emergence of 
` psychosis was also associated with a sta- 
tistically significant reduction of 5-HT 
inthe prosubiculum that was accompa- 
nied by trends toward reduced levels of 
5-HT and its metabolite 5-HIAA in all 
-eight brain regions studied. In contrast 
to these results, psychosis was not asso- 
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ciated with a signifieant change in the 
level of DA,its metabolites DOPAC and 
HVA, or choline acetyltransferase spe- 
cific activity, in any of the brain regions 
studied. 

Six (43%) of the 14 nonpsychotic pa- 
tients and 10 (77%) of the 13 psychotic 
patients were receiving neuroleptic 
medications (haloperidol, thioridizine, 
or perphenazine) at the time of death. 


To assess the effects of neuroleptic med- 
ications on the neurochemical variables 
studied, the cases were stratified by 
whether or not neuroleptic medications 


were being administered prior to death 4 


and the mean values of these variables 
were compared. No significant effects 
of neuroleptic exposure were detected, 
nor were consistent trends observed. 
Therefore the psychosis-related alter- 
ations in the concentrations of these bio- 
genic amines did not appear to have re- 
sulted from neuroleptic exposure. 


COMMENT 


In our prospective clinicopathologic 


study of AD, the occurrence of psycho-4- 


sis was associated with increased densi- 
ties of SP and NFT in the cortex com- 
pared with the patients who did not 
develop psychosis. In AD, the density of 
SP in the neocortex typically exceeds 
that found in the allocortex, while the 
reverse is true for NFT. In this study, 
the greatest increases in SP and NFT 
were found in the allocortex and neocor- 
tex, respectively, tending to reduce the 
typical disparities in lesion density be- 
tween these brain areas. The signifi- 
cance of this finding is unclear, but it is a 
pattern previously reported to be asso- 
ciated with an earlier age onset of de- 
mentia.” 

The finding that psychosis was associ- 
ated with significantly greater levels of 
NE in the substantia nigra, with similar 
trends in other brain areas, warrants 
further considerations. Since these val- 
ues were similar to those observed in 
brains from elderly control subjects 
who had no history of neurologic disease 
prior to death,” this finding would seem 
to have resulted from the relative pres- 
ervation of NE levels rather than an 
increase in the levels of their neuro- 
transmitters. This result suggests the 
existence of a minimum threshold of 


noradrenergic functioning that is re- : 


quired for the expression of psychosis. 
Therefore, adrenergic antagonists may 
have a role in the treatment of certain 
demented patients with agitated psy- 
chosis. We have previously reported a 
summary of the results of an open trial 
of propranolol, in which a significant 
fraction of such patients exhibited elini- 
eal improvement.” 

A comparison of the clinical, neuro- 
pathologic, and neurochemical features 
of psychosis and major depression in the 
context of primary dementia is present- 
ed in Table 4." In our studies of be- 
havioral syndromes in primary demen- 
tia, neither patients with psychosis’ nor 
those with major depression’ exhibited 
an age of onset of dementia that differed 
significantly from that of patients who 
did not develop these syndromes. How- 


v 
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Table 4.—-Comparison of Clinical, Neuropathologic, and Neurochemical Correlates of 
Psychosis and Major Depression in Primary Dementia * 


Psychosis 


Major Depression 





Sex, age at onset, duration 
of iliness, brain weight 


No change** 


No change***' 





Mortality rate 


No change** 


increased?®? 





Rate of cognitive decline 


Increased** 


No change? 





Cortical SP and NFT 


increased SP in HPR and 
increased NFT in MF; trends 
toward increases of SP and 
NFT in remaining areast 


No change® 





Degeneration of LC and SN 


No change’ 





Norepinephrine 





Serotonin 


increased? 





increased in SN; trends toward 
increases in five of seven 
remaining areast 


Decreased in neocortex and 
allocortex; trends toward 
decreases in all areas? 








Reduced in HPR; trends toward 
decreases in remaining 


Trends toward decreases in all 
areas’? 


areast 





Dopamine No changet 


Increased in HPR; no 
consistent trends in other 
areas?’ 





Choline acetyitransterase 
activity 


No changet 


Relative preservation in TH, 
AM, and CA; trends in same 
direction for most remaining 
areas”? 





* Changes are expressed relative to demented patients without the respective behavioral syndrome. Densi- 
ties of senile plaques (SP) and neurofibrillary tangles (NFT) were determined in the middle frontal (MF) and su- 
perior temporal cortex, and the prosubiculum (HPR) and entorhinal cortex (HEN) of the hippocampus. In addition 
to these areas, neurochemical analysis was performed in the substantia nigra (SN), thalamus (TH), amygdala 
(AM), and caudate (CA) nucleus. LC indicates locus ceruleus. 


+Data cited from our study. 


ever, the relationship of these behavior- 

al syndromes to the age at onset of cog- 

“nitive impairment among demented 
patients is controversial. One reason for 
this may lie in the limitations inherent in 
making retrospective estimates of the 
age when cognitive decline begins. 
Moreover, the resolution of this issue is 
likely to require population-based stud- 
jes, so that the potential sampling bias 
favoring the referral of patients whose 
functioning is disproportionately im- 
paired by behavioral disorders can be 
avoided. 

Several investigations, including two 
prospective longitudinal studies,’* have 
found that psychosis is associated with 
an increased rate of cognitive decline 
among patients with primary dementia, 
although the presence of psychosis did 
not significantly affect the mortality 
rate. Incontrast, major depression does 
not appear to affect the rate of cognitive 
decline in patients with clinically diag- 
nosed AD.* Instead, two studies have 
suggested that the emergence of major 
depression may be associated with an 
increase in the rate of mortality among 
patients with primary dementia.” 

Substantial differences also become 
apparent when comparing the reported 
neuropathologic and neurochemical cor- 
relates of psychosis and major depres- 
sion in the context of primary dementia. 
In this study, psychosis was associated 
with increased neurodegenerative 
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changes in the cortex, but neither the 
neurochemieal evidence presented 
here, nor previously published morpho- 
metric data,’ found psychosis to be asso- 
ciated with increased degeneration of 
subcortical aminergic nuclei. In con- 
trast, we previously reported that ma- 
jor depression in primary dementia is 
associated with increased degeneration 
of the locus coeruleus and substantia 
nigra, but not increased numbers of 
morphologic lesions in the neocortex or 
allocortex.° Furthermore, the profiles 
of neurochemical changes associated 
with psychosis and major depression” 
differ considerably, except for the sug- 
gestion of modest generalized decre- 
ments in 5-HT and 5-HIAA that occur in 
both behavioral syndromes and may be 
nonspecifically related to behavioral 
stress. In summary, the neuropatholo- 
gic and neurochemical correlates of psy- 
chosis and major depression that we de- 
scribe are selective; each syndrome is 
associated with distinctive morphomet- 
ric and neurochemical changes in specif- 
ic brain regions (Table 4). 

The neuropathologic and neurochem- 
ical changes associated with psychosis 
and major depression in primary de- 
mentia are probably important determi- 
nants of prognoses in these syndromes, 
as well as the symptoms of the syn- 
dromes themselves. Increased densi- 
ties of SP and NFT in the cerebral corti- 
ces of patients with psychosis may be 


directly related to the increased rate of . 
cognitive decline observed in this sub- - 
group.” In addition, cortical degenera- 
tion itself may render psychosis in pri- 
mary dementia less likely to undergo 
spontaneous remission and less respon- 
sive to pharmacotherapy than the idio- 
pathic psychoses that typically occur 
earlier in life. In a prospective longitudi- 
nal study of AD, the persistence of psy- 
chotic symptoms over time was evident 
even when neuroleptic drugs were pre- 
seribed.* However, even increased de- 
generative cortical changes may not be 
associated with decreased longevity 
when the fundamental necessities of life 
are provided in a supervised nursing 
care environment, as was the case for 
the majority of our patients. 

Major depression in primary demen- 
tia does not appear to be associated with 
increased degeneration of the cerebral 
cortex or an increased rate of cognitive 
decline.“* However, the selective de- 
generation that occurs in the brain stem 
may also indicate that other physiologic 
functions, including swallowing, respi- 
ration, and cardiovascular homeostasis, 
may be affected because other brain- 
stem centers are also involved. In the 
absence of extracorporeal life support 
devices, such dysfunctions are likely to 
increase mortality even when complete 
custodial care is provided. This hypoth- 
esis may also explain the observation 
that the development of sleep apnea, 
presumed to be related to dysfunction 
or degeneration of brain-stem struc- 
tures, is predictive of increased mortal- 
ity among elderly patients with idio- - 
pathic major depression.” 

As demonstrated by our studies of. 
major depression?” and psychosis, the 
presence of behavioral syndromes may 
have significant effects on measures of 
morphologie and neurochemical pathol- 
ogy in degenerative brain disease. We 
therefore recommend that clinical de- 
scriptions of patients employed in such: 
studies include assessments of psychiat- 
ric syndromes and that study designs 
control for the potential effects of these 
disorders. 
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Regional Cerebral Blood Flow After Human Cardiac Arrest- 


A Hexamethylpropyleneamine Oxime Single Photon Emission 
Computed Tomographic Study 


Risto O. Roine, MD; Jyrki Launes, MD; Päivi Nikkinen, Lic Phil; 


Lena Lindroth, MSc; Markku Kaste, MD 


è We studied 30 patients 24 hours after 
out-of-hospital cardiac arrest and 13 age- 
matched normal controls with the use of 
technetium Te 99m—hexamethylpropylenea- 
mine oxime single photon emission comput- 
ed tomography. All patients were followed up 
for 12 months or until death. Frontal hypo- 
perfusion (anteroposterior perfusion ratio, 
'<0.90) was observed in 23 patients (77%). In 
eight patients who remained comatose and 
died, the total size of perfusion defects was 
larger (38% + 20%) than in the 21 patients 
who recovered consciousness (24% + 14%), 
but the anteroposterior ratio was similar in 
both of these patient groups (0.83 + 0.09) and 
significantly lower than in the controls 
(0.96 + 0.03). During follow-up, both the an- 
teroposterior perfusion ratio and the relative 
defect size improved, but frontal hypoperfu- 
sion was still observed in seven of 13 pa- 
tients. After cardiac arrest, regional cerebral 
blood flow is characterized by frontal hypo- 
perfusion that tends to improve over time but 
that persists in most patients. 

(Arch Neurol. 1991 ;48:625-629) 


he recovery of cerebral blood flow 
(CBF) is essential for the survival 

of cardiac arrest victims. In experimen- 
tal animal models, global cerebral isch- 
emia can result in generalized or patchy 
hypoperfusion.’” Multifocally reduced 
CBF following cardiac arrest has re- 
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cently been reported by stable xenon 
computed tomographic and micro- 
sphere methods in dogs without correla- 
tion to neurological outcome." The re- 
gional distribution of CBF (rCBF) after 
human cardiac arrest is still unknown. 
Neither is it known whether changes in 
postischemic CBF have any correlation 
with recovery of consciousness or out- 
come. Delayed restoration of spontane- 
ous circulation has been shown to be 
detrimental to the recovery of CBF," 

Single photon emission computed to- 
mography (SPECT) and lipophilic trac- 
ers, especially technetium Tc 99m- 
hexamethylpropyleneamine oxime 
(HMPAO), have been used clinically in 
the evaluation of various conditions 
such as stroke,“ epilepsy,” dementia,” 
subarachnoid hemorrhage," encephali- 
tis,” and brain death. ®™* HMPAO readi- 
ly crosses the blood-brain barrier and 
has a high first-pass cerebral extraction 
with satisfactory retention for imaging 
purposes.’ Some studies suggest that 
HMPAO SPECT may be useful in pre- 
dieting the outcome of stroke,*” but 
contradictory results have also been 
published.*” 

We studied the rCBF in 30 patients 
who had been resuscitated from out-of- 
hospital ventricular fibrillation 24 hours 
after cardiac arrest, and we repeated 
the examination several weeks later us- 
ing “"Te-HMPAO and SPECT. The 
aims of this study were as follows: (1) to 
find out whether a characteristic pat- 
tern of CBF exists after human cardiac 
arrest; (2) to see how the regional flow 
changes during follow-up; (3) to evalu- 
ate the prognostic value of SPECT in 


the acute postarrest stage; and (4) to 
study the effect of a calcium entry- 
blocking drug, nimodipine, on the rCBF 
after cardiac arrest. 


PATIENTS AND METHODS 


We studied 30 patients (mean [+ SD] age, 
65 + 12 years) 24 + 2 hours after resuscitation 
from out-of-hospital ventricular fibrillation, — 
and 13 age-matched normal controls without 
diagnosed cerebral disorders (mean [+SD] 
age, 64+6.5 years). All patients included ‘in 
the study had been recruited in a placebo- 
controlled double-blind trial of nimodipine in. 
the treatment of out-of-hospital ventricular 
fibrillation, in which a total of 155 patients 
were enrolled.” Seventeen patients received 
a continuous infusion of nimodipine in a dos- 
age of 0.5 ug/kg per minute for 24 hours and 
18 received placebo. Informed consent was 
obtained from a family member of the pa- 
tient. During the first 24 hours after cardiac : 
arrest, all patients were treated according to’. 
a standardized, brain-oriented intensive care =: 
protocol. All patients received controlled: 
ventilation during SPECT with a mean arte-: 
rial Pco, of 315.6 mm Hg. The duration of ` 
arrest without cardiopulmonary resuscita- 
tion was 5.62.1 minutes, and spontaneous 
circulation was restored in 18.3 + 5.2 minutes 
after arrest time. The level of consciousness 
of each patient at the time of SPECT was 
assessed using the Glasgow Coma Seale.” 

Single photon emission computed tomo- 
graphic imaging was performed with a rotat- 
ing large field-of-view gamma camera (Gen- 
eral Electric 400T, General Electric, 
Hoersholm, Denmark) equipped with a low- 
energy all-purpose parallel hole collimator. 
Three hundred seventy to seven hundred 
forty megabequerels of HMPAO labeled 
with technetium Tc 99m and 30 seconds per. 
frame was used. Filtered back projection al- 
gorithm using a modified Shepp-Logan filter 
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Table 1.—Clinical and Single Proton Emission Computed Tomographic (SPECT) Data 24 Hours After Cardiac Arrest in 21 Patients 
Recovering Consciousness and in Nine Patients Remaining Comatose Until Death’ 


Case/Sex/ Nimodipine/ Arrest, 
Age, ¥ P min 


Pco,, 





1/M/73 P 


mmHg GCS h 





2/M:/43  Nimodipine 


Coma, Survival, 
GOS MMSE d 
Consciousness Recovered 
14 28 >365 0.84 


0.75 





3/M/49 P 
4/M/57  Nimodipine 





0.86 
0.89 





5/M/61 Nimodipine 





6/F/66 P 
7/F/76 Nimodipine 
B/F/79 P 








9/M/57 P 





10/F/48 
11/M/61 


Nimodipine 
Nimodipine 








12/M/76 
13/F /67 


Nimodipine 
Nimodipine 








14/M/58 P 


15/M/83  Nimodipine 











16/M/61 Nimodipine 
17/M/56 P 
18/M/63  Nimodipine 








20/F/61 
21/F/71 


Nimodipine 
Nimodipine 
22/M/70 P 


23/M/79  Nimodipine 
24/M/72 P 


25/M/65 P 
26/F/85 Nimodipine 


28/M/75 _Nimodipine 
29/M/79 P 








NA 18 
7 >365 


0.82 
0.91 


Irreversible Coma 
NA 39 








30/M/41 P 


A/P Defect Defect, 
Ratio Count 


Perfusion 


% cT MRI Defect 





Frontal 
Frontal 
Frontal 


R and L fronto- 
parietal 


Frontal 


314.3 Normal Normal 

38.3 NA NA 

30.5 Normal Normal 
NA Normal 

















NA NA 
Abnormal NA Frontal 
NA NA None 


NA Abnormal L frontal and 
temporal 


R frontal, 
L parietal 


Abnormal Abnormal Frontal 
Normal Abnormal Frontal 
Normal NA Frontal 


Normal NA L temporal, 
R parietal 


Frontal, R temporal 
hyperperfusion 


Abnormal Abnormal Frontal 
Abnormal Abnormal Frontal 
NA Abnormal Frontal 














NA NA 











Abnormal. NA 





14.9 NA NA 
23.3 NA NA 


Frontal 


R and L fronto- 
temporal 


20.3 Abnormal NA R and L parieto- 


occipital 
Frontal 


L frontal, 
R occipital 


Frontal 


R and L parietal 
Frontal 





*A/P ratio denotes the activity ratio of frontal and occipital brain regions; defect %, the total relative size of supratentorial perfusion defects; P, placebo, Pco,, arterial 
blood carbon dioxide partial pressure during SPECT; GCS, Glasgow Coma Score during SPECT; GOS, Glasgow Outcome Score at 1 year; MMSE, Mini-Mental State Ex- 
amination at 1 year; R, right; L, left; NA, not available; and CBF, cerebral blood flow. 


was used for producing a set of eight 15-mm- 
thick transversal tomographic slices from 
the orbitomeatal line upwards. The data ac- 
quisition was started 2 minutes after the in- 
jection of the tracer into an antecubital vein. 
A second scan was performed on 13 patients 
an average of 145 days later (range, 9 to 487 
days). 

As absolute rCBF cannot be measured by 
this technique, a comparison of count rates 
between hemispheres and the relative rCBF 
values using cerebellum as an intraindividual 
reference are commonly used semiquantita- 
tive indexes of regional abnormalities of 
blood flow. However, bilateral or diffuse per- 
fusion defects expected to oceur after global 
cerebral ischemia may remain unnoticed by 
such methods. Thus, we used two other in- 
dexes of rCBF: (1) the total size of perfusion 
defects (ie, defect percentage), expressed as 
percentage of the total supratentorial brain 
volume as determined visually and measured 
by planimetry; and (2) the anteroposterior 
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perfusion (A/P) ratio, expressed as the ratio 
of the count-rates in frontal and occipital 
thirds of four superimposed supratentorial 
slices. An A/P ratio below 2 SDs of the mean 
of age-matched controls (ie, <0.90) was con- 
sidered to indicate frontal hypoperfusion. 

Computed tomography (12 studies) or low- 
field magnetic resonance imaging (10 stud- 
ies) was performed more than 2 weeks after 
arrest on 15 patients. Seven patients under- 
went both studies. 

All patients were followed up for 12 
months or until death. At 12 months, aneuro- 
logical examination, Mini-Mental State Ex- 
amination,” neuropsychological examina- 
tions, and assessment of activities of daily 
living functions and quality of life were per- 
formed for survivors. These findings will be 
reported separately. The 1-year outcome of 
all survivors was graded using the Glasgow 
Outcome Scale.” 

All values are expressed as means + SDs 
and/or 95% confidence intervals (CID. For 


statistical comparison of group means, un- * 
paired or paired t tests with two-tailed P 
values and 95% CI of the mean were used for 
continuous variables. 


RESULTS 


In the first study, SPECT was abnor- 
mal in 28 patients and normal in only 
two patients (Table 1). One patient (case 
26) with complete lack of intracranial 
circulation and brain death was exclud- 
ed from further statistical analysis. The 
mean relative size of the perfusion de- 
fect was 29.9% + 20.9% (95% CI, 22:0 to 
37.7). The mean A/P ratio was 
0.83 + 0.09 (95% CI, 0.79 to 0.86) and 
was significantly lower than in age- 
matched controls (0.96 + 0.03; 95% CI, ¥ 
0.94 to 0.98, P<.001) (Table 2, Fig 1). 
Frontal hypoperfusion (A/P ratio 
<0.90) was observed in 23 patients 


Cerebral Blood Flow—Roine et al 





1.1 


1.0 


0.9 


0.8 


AP Ratio 


0.7 


0.6 


0.5 


Control 


Cardiac 

Arrest 

Fig 1.—Anteroposterior perfusion ratio {A/P 

ratio) in 29 patients who suffered cardiac arrest 

: 24hours after arrest and in 13 age-matched 
‘controls. 


(77%) (Fig 2), a single perfusion defect 
was observed in 10 patients (83%), and 
two to five defects were observed in 
nine patients (80%) (Table 1). The local- 
ization of separate perfusion defects 


varied widely. Crossed cerebellar 
diaschisis was observed in nine 
patients, 


Nine patients remained comatose and 
died, whereas 21 patients recovered 
_ consciousness. The mean duration of 
coma was 50 hours (range, 2 hours to 56 
days). Seventeen patients survived for 
at least 1 vear. In eight patients dying 
while in a comatose state, the perfusion 
defect was larger (88% + 20%) than in 
the 21 patients who recovered con- 
sciousness (24% + 14%, P = .035) (Table 
2). However, the perfusion defect size 
did not correlate with the Glasgow Out- 
come Score at 1 year after cardiac 
arrest. 

In the second study, both the A/P 
perfusion ratio and the relative defect 
size had improved, but frontal hypoper- 
fusion was still present in seven of 18 
-patients (Table 3). The A/P ratio was 
below 0.80 in only one patient (case 10) 
in the second SPECT. She had a severe 
anoxic encephalopathy leading to death 
294 days after the arrest. Another pa- 
tient with good outcome (case 16) had an 
A/P perfusion ratio of 0.55 at 24 hours 
after arrest and 0.83 after 3 months. 
Five of the seven patients with frontal 
hypoperfusion still present in the sec- 
ond study reached the best Glasgow 
Outcome Score at 1 year, one patient 
(case 6, A/P perfusion ratio of 0.80) had 
a moderate disability, and one patient 
(case 10, A/P perfusion ratio of 0.78) had 
asevere disability. Neither the A/P per- 
fusion ratio nor the defect size correlat- 
- ed with patient age, the arrest time, the 

~-duration of resuscitation, or the arterial 
- POO, at the time of imaging. 
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Table 2.-——Anteroposterior Perfusion Ratio (A/P Ratio) and Relative Size of Perfusion 
Defect Expressed as a Percentage of All the Supratentorial Slices in HMPAO SPECT 
(Defect %) in Patients Recovering Consciousness After Cardiac Arrest and in Those 
Remaining Comatose Until Death* 











irreversible Coma 
(N = 8) 


Consciousness 
Recovered (N = 21) 
P cenenneniemmmmmnemedtiemenamemmmmmenane 





Controis {N = 13) 






































oom Mean + SD 95% Cl Mean = SD 95% Cl Mean = SD 95% Cl 
A/P ratio 0.83 + 0.09 0.79-0.86 0.83+0.11 0.75-0.90 0.96 + 0.031? 0.94-0.98 
Defect,% 244 14 18-30 38% 20§ 2452 < bie 
Age,y 63211 58-67 69 + 13 61-78 6457 60-67 






* The results in 13 age-matched controls are also included. Mean + SD and 95% confidence intervals (95% 
Ci) are given. HMPAO SPECT indicates technetium Te 99m-hexamethylpropyieneamine oxime single photon 
emission computed tomography. 

+P = .00003 (group 1 and controls). 

¢P = 001 (group 2 and controls). 

§P = .035 {groups t and 2). 











Fig 2.—Left, Control patient (aged 70 years) with normal distribution of regional cerebral blood flow. 
Anteroposterior (A/P) ratio= 0.91. Right, Patient (case 27, aged 76 years) with severe frontal 
hypoperfusion who underwent hexamethylpropyleneamine oxime single photon emission com- 
puted tomography 24 hours after cardiac arrest. The A/P ratio= 0.75 and the total size of perfusion 
defects = 63.9% of the supratentorial brain volume. The patient died 2 days later without having 
recovered consciousness. 





Table 3.—Comparison of Short-term and Late Single Photon Emission Computed 
Tomographic (SPECT) Results * 








Study 1(N = 13) Study 2 (N = 13) Controls (N = 13) 








95% CI 

0.88 + 0.07 0.84-0.92 
10 + 14¢ 218 
8i £ il 56-67 


Mean + SD 98% Ci 
0.96 + 0.03¢§ 0.94-0.98 








0.76-0.87 
14-28 
56-67 


AiP ratio 0.82 + 0.10 
Defect, % 21+ 13 
Age, y 61i + 11 








"60-67 


64 £7 
* Anteroposterior perfusion ratio (A/P ratio) and relative size of perfusion defect as expressed as a percent- 


age of all the supratentorial slices in technetium Tc 99m-hexamethylpropyleneamine oxime (HMPAO} SPECT 
(defect %) in patients imaged twice by HMPAO SPECT. The results in 13 age-matched controls are also included. 





SD and 95% confidence intervals (95% CI} are given. 
= 03 (study 1 and 2). 

4P = 008 (study 2 and controls). 

§P = 0001 (study 1 and controls). 
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Table 4.—-Mean Perfusion Defect 
Size (Defect %) and Anteroposterior 
Perfusion Ratio (A/P Ratio) After 
Cardiac Arrest in Patients Receiving 


Nimodipine or Placebo* 


Piacebo 
(N = 13) 


Nimodipine 
(N = 16) 
Defect, % 29.5 (21.0-38.0) 24.9 (15.4-34.4) 
A/P ratio 0.81 (0.76-0.85) 0.85 (0.80-0.90) 


“The numbers in parentheses are 95% confidence 
intervals. 





Of the 17 patients surviving for at 
least 1 year, 14 had frontal hypoperfu- 
sion and three did not have this finding 
at 24 hours after arrest. Frontal hypo- 
perfusion was as common and as severe 
in surviving patients as in those remain- 
ing comatose until death (Table 2). 
Thus, frontal hypoperfusion did not pre- 
dict the outcome. The mean Mini-Men- 
tal State Examination score for all 1- 
year survivors was 26.6+5.6 (95% CI, 
23.7 to 29.5), which is in the normal 
range. The performance in the Mini- 
Mental State Examination at 1 year af- 
ter cardiac arrest had no significant cor- 
relation to the results of SPECT (Table 
1). 

Computed tomography revealed vas- 
cular lesions in six patients, correlating 
exactly with the perfusion defect ob- 
served in the early SPECT in one pa- 
tient only. Furthermore, the perfusion 
defects observed in SPECT corre- 
sponded to the vascular lesions found in 
later magnetic resonance imaging stud- 
ies in only one of four patients. Both the 
defect percentage and the A/P ratio 
were slightly more abnormal in patients 
receiving nimodipine than in patients 
receiving placebo, although this differ- 
ence was not significant (Table 4). 


COMMENT 


In this study, we detected in most 
patients 24 hours after cardiac arrest a 
typical rCBF pattern of frontal hypo- 
perfusion that ameliorated over time 
but persisted in many cases. Also, the 
relative size of the total perfusion defect 
improved in recovering patients. Al- 
though permanent unconsciousness was 
usually associated with a large volume 
of poorly perfused brain, only the larg- 
est perfusion defects seemed to predict 
irreversible coma. All four patients 
with a total perfusion defect size of more 
than 50% of the supratentorial brain re- 
mained comatose and died. In the total 
group of patients who had suffered car- 
diac arrest, even large perfusion defects 
(up to 42%) did not exelude the possibili- 
ty of good recovery and thus the number 
or size of separate perfusion defects was 
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not a reliable predictor of outcome. The 
occurrence or severity of frontal hypo- 
perfusion did not predict either the re- 
covery of consciousness or the outcome. 

The significance of postischemic hy- 
poperfusion is still equivocal in humans. 
Based on animal experiments, it is not 
known whether postischemic hypoper- 
fusion is the cause or the consequence of 
delayed neuronal injury. Frontal hypo- 
perfusion disappearing in parallel with 
recovery has previously been reported 
in patients with posttraumatic coma us- 
ing the xenon 133 inhalation tech- 
nique." Recently, DeVolder et al” 
demonstrated a generalized decrease in 
glucose metabolism approximately 1 to 
6 months after cardiac arrest in 12 pa- 
tients by positron emission tomography 
and 2-["F] fluoro-2-deoxy-p-glucose. 
They found frontal hypometabolism in 
five of 12 patients, whereas a regional 
decrease in fluorodeoxyglucose uptake 
was more common in the parieto-occipi- 
tal cortex (nine of 12 patients). In seven 
patients who underwent imaging scans 
while in a vegetative state, the mean 
cerebral glucose metabolism was about 
50% of that observed in control pa- 
tients.” Beckstead and coworkers,” us- 
ing inhaled xenon and extracranial de- 
tectors, were the first to detect a 
decreased cortical CBF during the first 
2 hours after arrest but a normal CBF 
24 hours later in 25 patients. According 
to Forsman et al,” nimodipine increases 
postischemic CBF in man without an 
effect on neurological outcome. They 
demonstrated that the mean cortical 
CBF was only 13 + 1 mL/100 g per min- 
ute 3 to 4 hours after arrest in their 
series of 51 patients. The mean cortical 
CBF did not correlate with the recovery 
of consciousness, but nimodipine rough- 
ly doubled the mean CBF. The effect of 
nimodipine on the evolution of human 
cerebral infarction has also been studied 
by positron emission tomography.” Pa- 
tients receiving intravenous nimodipine 
for 1 week after a hemispheric ischemic 
stroke had significantly higher rCBF 
values in the densely ischemic areas as 
compared with those receiving placebo. 
Although the aim of many therapeutic 
approaches has been to augment postis- 
chemic CBF, an increase in CBF has 
also been reported to be associated with 
irreversible brain damage and death af- 
ter cardiac arrest.” 

One of the goals of the present study 
was to find out the possible effect of 
nimodipine on the postischemic rCBF. 
We found no evidence of a beneficial 
effect of nimodipine on frontal postis- 
chemic hypoperfusion or rCBF as mea- 
sured by the defect percentage after 
cardiac arrest. On the other hand, CBF 
changes occurring during the early pos- 


tischemic phase as well as all quantita- 
tive changes in the mean CBF would 
have remained unnoticed in the present 
study. 

Most regional perfusion defects im- 
aged by SPECT in the early phase after 
cardiac arrest were not observed in lat- 
er neuroradiological examinations, ie, 
did not lead to completed infarction. In 
general, the perfusion defect in SPECT 
is larger than the corresponding infare- 
tion visualized later with computed to- 
mography or magnetic resonance imag- 
ing, which has been suggested to be 
associated with the capacity of SPECT 
to visualize the peri-infarct zone with 
reduced blood flow.” 

In recovering patients, both the A/P 
perfusion ratio and the defect percent- 
age improved significantly, but frontal 
hypoperfusion still remained in seven of 
13 patients. Five patients had a good 
outcome despite the persisting frontal 
hypoperfusion and only those two with 
the lowest A/P perfusion ratios in the 
second study were disabled. The A/P 
ratio was the same in patients recover- 
ing consciousness and in those who did 
not. Furthermore, two of the eight pa- 
tients remaining comatose until death 
after 16 or 39 days had a completely 
normal A/P ratio (0.94 and 0.99, respec- 
tively). Even recovering patients had a 
significantly worse A/P perfusion ratio 
in both short-term and late studies as 
compared with age-matched controls. 
According to the results of this study, a 
severe frontal hypoperfusion seems to 
be a characteristic finding after human 
cardiac arrest, although it is not always 
present. Additionally, frontal hypoper- 
fusion did not seem to reflect coma as 
might be the case after head trauma.”” 

After cardiac arrest, the rCBF im- 
proves after the acute stage in recover- 
ing patients but may remain abnormal. 
Technetium Tc 99m-HMPAO SPECT 
may have some value as an additional 
prognostic indicator early after cardiac 
arrest. It is capable of visualizing poor 
circulation in extensive regions of the 
brain thereby suggesting bad outcome 
as well as the complete lack of intracra- 
nial circulation in brain death. Quantita- 
tive measurement of rCBF and metabo- 
lism is likely to provide more useful 
information of the potential of the brain 
to recover from global ischemia and to 
direct future attempts in cerebral 
resuscitation. 
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Sclerosing Vasculopathy of the Central 
Nervous System in Nonelderly Demented Patients 


Melinda L. Estes, MD; Mare I. Chimowitz, MD; Issam A. Awad, MD; 
James T. McMahon, PhD; Anthony J. Furlan, MD; Norman B. Ratliff, MD 


è Three nonelderly patients without hy- 
pertension whose clinical and radiologic fea- 
tures otherwise resembled Binswanger’s 
subcortical arteriosclerotic encephalopathy 
underwent biopsy of the hyperintense peri- 
ventricular lesions seen on magnetic reso- 

“nance imaging. The pathologic findings of 


‘the periventricular lesions consisted of glio- 


‘sis with mild rarefaction and edema of the 
white matter. All patients had a sclerosing 
vasculopathy. of unknown cause, which in- 
volved numerous small vessels within the 
periventricular lesions. The vessels stained 
negatively for amyloid, amyloid precursors, 
desmin, vimentin, keratin, immunoglobulin, 
and complement. On electron microscopy, 
small arteries, arterioles, venules, and capil- 


Ithough numerous articles’? have 
“™ described the clinical, radiological, 
and pathological features of Bins- 
wanger’s subcortical arteriosclerotic 
encephalopathy (BSAE) and although 
the white matter lesions in patients with 
BSAE are well documented, the vascu- 
lopathy associated with this syndrome 
is not well characterized. Most articles 
describe the vascular lesions as arterio- 
sclerosis or lipohyalinosis, without pro- 
viding ultrastructural details of the ves- 
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laries were characterized by swollen astro- 
cytic foot processes surrounding the ves- 
sels; dense, perivascular collagen packing; 
crystalline arrays of filaments within base- 
ment membrane; giant lipid-laden tyso- 
somes within perivascular cells; and narrow- 
ing of the vascular lumina. Similar changes 
were not seen in a control group of 19 pa- 
tients. The pathologic features of the vessels 
in these cases are distinct from the vascul- 
opathy associated with Binswanger's sub- 
cortical arterioscierotic encephalopathy. We 
suggest that a spectrum of vasculopathies 
may be associated with dementia and peri- 
ventricular hyperintense lesions on magnet- 
ic resonance imaging. 
(Arch Neurol. 1991;48:631-636) 


sels. We had the opportunity to study 
three nonelderly patients without hy- 
pertension, in whom clinical and radio- 
logical features otherwise resembled 
BSAE, Examination of brain biopsy 
specimens obtained from these patients 
showed distinctive small-vessel lesions 
that were not seen in specimens from a 
control group of 19 patients undergoing 
stereotactic brain biopsy for other rea- 
sons. This article describes the clinical, 
radiological, and pathological features 
found in the three patients and focuses 
on the pathological features of the small 
vessels revealed by means of light and 
electron microscopic examination. 


REPORT OF CASES 


CASE 1.—A 48-year-old man was exam- 
ined in 1988 for progressive dementia. He 
had a history of throbbing headaches since 





the age of 10 years, often associated with 
teichopsia, limb paresthesia, and aphasia 
Several medications were prescribed for the 
headaches, including a combination of caf- 
feine and ergotamine tartrate (Cafergot), 
methysergide maleate (Sansert), predni- 
sone, and meperidine hydrochloride (Deme- 
rol). In 1974, at the age of 34 years, he sud- 
denly developed right hemiparesis, which 
was persistent and unassociated with his. 
typical migraine headache. In 1981, he was 
admitted to the psychiatrie service for de- 
pression and opiate dependence, Neurologi- 
cal examination showed right-sided hyperre- 








flexia and a right-sided Babinski sign. 
Cranial computed tomographic (CT) sean: 


showed confluent periventricular lucencies. 
In 1983, he was readmitted to the psychiatric 


service for depression and opiate depen- - _ 


dence. Previously normotensive, his blood 
pressure on admission was 150/65 mm Hg. 
His neurological examination results. and CT 
sean were unchanged. A toxicologie profile. 
was positive for amphetamines. By 1985, he 





had become forgetful and could not handle 
money. His memory deteriorated progres- 
sively, and he developed walking difficulties). 


over the next 3 years, prompting readmis-' 
sion in 1988. 
On examination in July 1988, his blood 


pressure was 125/85 mm Hg. His affect was. : 


bland, and responses to questions were slow. 
He thought it was July 1985. Speech was 


normal with naming, repetition, reading, 
and comprehension preserved. He recalled 


two of four objects at 5 minutes. There was- 
decreased dexterity using the right hand, 
bilateral arm and leg spasticity with hyperre- 
flexia and ankle clonus, and a right-sided 





Babinski sign. On walking, his steps were 


small, slow, and unsteady. Sensation was 
normal. i 
The results of cerebrospinal fluid exami= 


nation, including immunoglobulin ‘studies, : 
were normal except for a slightly elevated 
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protein level (62 mg/dL). Magnetic reso- 
nance imaging (MRI) showed diffuse conflu- 
ent areas of increased signal intensity in the 
periventricular region that contained dis- 
crete cystic lesions and mildly enlarged later- 
al ventricles (Fig 1). Three-vessel cerebral 
angiographic findings showed no evidence of 
occlusive disease. Uncertainty regarding the 
diagnosis prompted a right frontal cranio- 
tomy with biopsy of the frontal cortex, cen- 
trum semiovale, and periventricular region. 

CASE 2.—In 1980, a 48-year-old normo- 
tensive woman, with long-standing throb- 
bing headaches, developed dysarthria and 
began to drag her right leg when walking. In 
1982, she was examined for excessive sleepi- 
ness and diminished short-term memory. 
Results of spinal fluid examination were nor- 
mal, a cranial CT scan showed attenuation of 
the white matter in the frontal regions, and 
an eleectroencephalogram demonstrated 
frontal, intermittent, rhythmic delta activi- 
ty. In 1982, a few episodes of confusion, 
drooling, dysarthria, and urinary inconti- 
nence were attributed to seizures prompting 
treatment with carbamazepine (Tegretol). 
Over the next 6 years, she developed pro- 
gressive dementia, urinary incontinence, 
and difficulty walking. 

On examination in 1988, she was inappro- 
priately jovial, inattentive, thought it was 
1967, and recalled none of three objects in 
5 minutes. Naming, repetition, reading, and 
writing were relatively well preserved. She 
drew a clock poorly, but could pantomime 
simple motor tasks. Her speech was dysar- 
thric, the jaw jerk was prominent, and her 
right side was moderately weak and spastic. 
The reflexes were brisk bilaterally, and a 
right-sided Babinski sign was present. Her 
gait was wide based, extremely slow, and she 
exhibited delayed hip flexion and cireumduc- 
tion of the right leg. Sensation was normal, 
except for diminished vibration appreciation 
at the ankles. 

Spinal fluid examination revealed the fol- 
lowing findings: glucose, 3.72 mmol/L; pro- 
tein, 0.68 g/L; white blood cell count, 
1x 10°/L; red blood cell count, 1 x 10°/L; IgG, 
0.06 (normal, 0.006 to 0.04); albumin, 0.36 
(normal, 0.08 to 0.30), IgG-to-albumin ratio, 
0.17 (normal 0.07 to 0.19); IgG synthesis, 
3.1 mg/d (normal, 0 to 3.1 mg/d); and nega- 
tive oligoclonal bands. A brain MRI showed 
diffuse confluent areas of increased signal 
intensity in the periventricular regions, 
mildly enlarged ventricles, and moderate 
cortical atrophy. Results of three-vessel ce- 
rebral angiography were normal. Uncertain- 
ty regarding the diagnosis prompted stereo- 
tactic brain biopsy of the right frontal 
periventricular region. 

CASE 3.—A 40-year-old normotensive 
man was examined in 1988 for progressive 
dementia and walking difficulties. Nine 
years earlier, he was laid off work in an as- 
sembly plant. He became depressed, apa- 
thetic, and uninterested in social activities. 
His wife suspected that he was confused at 
times. At attempt to return to work in 1985 
failed because of inability to do his previous 
job. His memory began to fail, his gait was 
unsteady, and he fell occasionally. His cogni- 
tive and gait difficulties progressed insid- 
iously over the next 3 years, and, ocasionally, 
he was incontinent of urine. 


632 Arch Neurol—Vol 48, June 1991 


Fig 1.—Cranial T?-weighted magnetic resonance imaging of patient 1, showing increased 
signal intensity in the periventricular region. 


On examination, he was alert, but mental- 
ly slow. Speech, language, and praxis were 
normal. He could recall one of the three ob- 
jects at 5 minutes and could not recollect the 
assassination of any president since his birth. 
The cranial nerves and reflexes were normal 
as were sensory examination results. Motor 
examination revealed normal power, tone, 
and muscle bulk, but fine finger movements, 
finger-to-nose, and heel-to-shin testing 
showed slight uncoordination. His walking 
was unsteady, without lurching or spas- 
ticity. 

Laboratory data were normal for VDRL, 
human immunodeficiency virus antibody, se- 
rum cyanocobalamin, folate, urinary and se- 
rum arylsulfatase A, long-chain fatty acids, 
thyroid function tests, sedimentation rate, 
and antinuclear factor. Also an electromyo- 
graph (EMG) and sural nerve biopsy speci- 
men revealed normal results. Cerebrospinal 
fluid examination showed the following find- 
ings: red blood cell count, 1 x 10°/L; no white 
blood cells; protein level, 0.34 g/L; glucose 
level, 3.16 mmol/L; IgG, 0.03; albumin, 0.15; 
IgG synthesis, 4.8 mg/d (normal, 0 to 
3.1 mg/d); IgG-to-albumin ratio, 0.23 (nor- 
mal, 0.07 to 0.19); and negative oligoclonal 
bands. Magnetic resonance imaging showed 
confluent areas of increased signal in the per- 
iventricular regions, mild hydrocephalus, 
moderate cortical atrophy, and marked atro- 
phy of the corpus callosum. An area of in- 
creased signal intensity in the right periven- 
tricular region was additionally examined by 
means of a stereotactic biopsy performed 
through a frontoparietal approach because of 
uncertainty regarding the diagnosis. 


MATERIALS AND METHODS 


Two patients underwent stereotactic 
brain biopsy, and one patient underwent an 
open biopsy. In all cases, several fragments 
of white-tan tissue were obtained. A portion 
of each specimen was snap frozen in liquid 
nitrogen for immunohistochemical analysis. 
The remaining tissue was divided and fixed 
in 3.75% glutaraldehyde for high-resolution 
light microscopic and electron microscopic 
examination or in Hollande’s fixative for par- 
affin embedding. 

Stereotactic biopsy was performed on at 
least three separate coordinates, spanning a 
total of 30 mm of tissue. The tissue was la- 
beled as within, immediately outside, or re- 


mote from the periventricular hyperintense 
lesion (PHL). The tissue obtained at the time 
of open biopsy was labeled as periventricular 
white matter, subcortical white matter, and 
cortex. 

A control group was formed based on re- 
view of 154 consecutive patients 18 year's old 
or older who had stereotactic biopsies of ra- 
diographically identified lesions performed 
at the Cleveland (Ohio) Clinie Foundation 
between June 1987 and November 1989, 
Nineteen of these 154 patients had nonneo- 
plastic lesions and were selected as contro! 
subjects. In these patients, a side-cutting 
biopsy instrument was used to obtain multi- 
ple 10x 1-mm specimens for frozen section 
and permanent histopathologic examination. 
The specimens were processed as mentioned 
above. 


Light Microscopy 


Paraffin sections were cut at 5 wm, depar- 
affinized, and stained with hematoxylin-eo- 
sin, congo red, sulfonated aleian blue, crystal 
violet, Movat’s pentachrome, alizarin red, 
Masson’s trichrome, von Kossa’s stain, peri- 
odic acid—Schiff, modified Kluver-Barrera 
stain, and Bodian staining. 


Electron Microscopy 


Tissue specimens for examination by 
means of high-resolution light microscopy 
and electron microscopy were fixed in 3,75% 
buffered glutaraldehyde for 2 hours and post- 
fixed in 1% osmium tetroxide for 2 hours, and 
then they were embedded in Spurr’s epoxy 
resin. Semithin (i-pm) plastic-embedded 
sections from all blocks were stained with a 
mixture of toluidine blue and basie fuchsin. 
Blocks for electron microscopic examination 
were selected, and thin sections were cut and 
subsequently stained with uranyl acetate- 
lead citrate. At least two blocks per case 
were examined using an electron microscope 
(Philips 400 T, Philips Electronics, Einho- 
ven, The Netherlands). 

Energy dispersive spectroscopy was per- 
formed on brain tissues routinely fixed and 
processed for electron microscopy as de- 
scribed above. Unstained sections, 60 to 
80 nm thick, were mounted on beryllium 
grids and examined using an electron micro- 
scope (Philips 400 T) equipped with a roent- 
genographic detector and analyzer 
(EDAX/9100, Edax International Inc, Mah- 
wah, NJ) and operated at 60 kV. Roentgeno- 
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Fig 2.—Case 2. Left, Longitudinal section of a small artery from the deep white matter stained with Movat 
pentachrome. The normal thickness of the intima can be appreciated. The media is markedly thickened bya 
mixture of fibrillar connective tissue and black staining material that in this higher magnification photograph is 
Clearly granular (original magnification x 206; final magnification x 540). Right, Longitudinal high-resolution 
light microscopic plastic section of a small artery from deep white matter stained with a mixture of toluidine 
blue and basic fuchsin. The intact endothelium and basal lamina can be seen. The medium is thickened and 
expanded by bundles of collagen that in the inner portion of the medium are randomly oriented and are 
running in a plane different from those in the outer portion of the medium. Membranous bodies suggestive of 
secondary lysosomes are present within the media (numerous bodies are enclosed within the braces). The 
adventitia of cerebral vessels is normally not well developed and cannot be identified in these vessels 
(original magnification x 160; final magnification x 430). 


graphic spectra were accumulated for at 
least 90 seconds at a count rate of 1000 to 3000 
eps, using a take-off angle of 20°. 


Immunohistochemistry 


Immunohistochemical examination was 
performed on both frozen and paraffin sec- 
tions, using the avidin-biotin-complex tech- 
nique with minor modifications for paraffin- 
embedded tissue.” 


Antibodies 


Antibodies used for frozen and paraffin 
sections examined immunohistochemically 
were as follows: desmin (Dako, Santa Barba- 
ra, Calif), glial fibrillary acidic protein (GFP, 
Dako), mak-6 (Triton, Alameda, Calif), vi- 
mentin (Dako), IgG, IgA, IgM-«.-A, -C3, and 
-C4 (Becton-Dickinson, Mountain View, 
Calif), and the amyloid precursor proteins, 
eg, serum amyloid A component and serum 
amyloid P component (Vector Laboratories, 
Burlingame, Calif). 


RESULTS 
Pathologic Findings 


Light Microscopy. — All patients ex- 
hibited similar vascular changes. The 
majority of small vessels (80 to 300 um) 
of all types, ie, arterioles, venules, and 
capillaries, were involved both within 
the PHL and in the cortex and menin- 
ges. In some of them, the vessel wall 
was strikingly thick and hyalinized (Fig 
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2, left). Masson's staining demonstrated 
a thick, concentric band of collagen 
within the vascular wall. Surrounding 
this was a clear space that contained 
variable numbers of convoluted, com- 
plex bodies that were variably eosino- 
philic or basophilic. These bodies were 
most readily visualized in metachroma- 
tically stained plastic sections, where 
they had the green-blue staining and 
membranous appearance of large sec- 
ondary lysosomes (Fig 2, right). Capil- 
laries with adjacent clear spaces and 
complex bodies, but without expansion 
of the vessel wall by connective tissue, 
were identified. In other small vessels, 
the wall was filled with lipid droplets. 
Stains for amyloid, including congo red, 
sulfonated alcian blue, and crystal vio- 
let, were negative in all cases, as were 
alizarin red and von Kossa’ stains for 
calcium. Periodic acid—Schiff staining 
for glycogen was negative. The endo- 
thelium of all vessels was intact and did 
not appear affected by the process. 
Movat pentachrome staining demon- 
strated intact basal lamina and elastic 
lamina. The vessels were remarkably 
similar both within the same case and 
from one case to the next. 
Immunohistochemical stains of the 
affected blood vessels for desmin, glial 
fibrillary acidic protein, mak-6, vimen- 
tin, and serum amyloid components A 


and B were negative. Stains for IgA 
and IgA-\ were positive in the intima, 
but not in the vessel wall. 

Changes in the surrounding brain tis- 
sue were mild. The area corresponding 
to the PHL had gliosis with mild rar- 
efaction and edema of the white matter. 
Vacuolization or other changes similar 
to the perivascular clear spaces were 
not seen in the surrounding brain tissue. 
Modified Kluver-Barrera staining dem- 
onstrated no demyelination, and Bodian 
staining revealed no senile plaques or 
neurofibrillary tangles. Pick bodies 
were not identified. 

Electron Microscopy.—The find- 
ings by means of electron microscopic 
examination were similar in all three 
cases. The endothelial cells appeared 
unaffected by the process. The cellular 
junctions were intact, and the spacing 
appeared appropriate. Basal lamina and 
internal elastic lamina beneath the en- 
dothelium appeared normal. No inelu- 
sion bodies with zebra-body character- 
istics or other complex structure were 
observed. 

Cells were identified partially sur- 
rounding the vessels. These cells had 
nuclei that conformed to the shape of the 
vascular wall and were partially invest- 
ed with basal lamina. Within the cyto- 
plasm of the cells were multiple large 
complex lysosomes, and numerous 
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Fig 3.—Case 2. Electron micrograph of a cross-section of vessel double stained with uranyl 
acetate—lead citrate. A thrombus is seen within the lumen. Cells containing complex lysosomes and 
lipid are seen conforming to the vascular wail (arrow). The cells are at least partially invested with 
basal lamina. It is difficult to identify them unequivocally as either pericytes or macrophages. Bar 
indicates 10 pm. 


Fig 4.—Case 2. Electron micrograph of a cross-section of a small artery double stained with uranyl 
acetate~lead citrate. The endothelium and basal lamina appear intact (arrowhead). The remainder 
of the arterial wall, including all media and possibly the adventitia, is replaced by fragments of 
collagen, elastin, basal lamina, and granular electron-dense material (arrows). Bar indicates 10 um. 





634 Arch Neurol — Vol 48, June 1991 


large lipid droplets (Fig 3). Similar lyso- 
somes were seen in cells that were sepa- 
rated from the vessel by a clear space. 
These latter cells had rounded nuclei 
and cytoplasmic filaments, and they 
were not invested by vascular basal 
lamina. The identity of either cell type 
was not clear; they could be pericytes, 
macrophages, glial cells, or all three. 

The medium of these vessels was 
markedly thickened by layers of mature 
collagen mixed with fragments of elas- 
tin, basement membrane, and granular 
electron-dense extracellular material 
(Figs 4 and 5). The overall impression 
was that of a disorganized medial layer. 
Roentgenographic energy dispersive 
spectroscopy of this granular material 
and of the lysosomes indicated lack of 
metallic or mineral components. The en- 
tire thickness of the medium was in- 
volved. Smooth-muscle cells were ab- 
sent and seemed to have been replaced 
by connective tissue or by lipid. 

Many of the vessels were surrounded 
by swollen astrocytic foot processes 
containing filamentous material. These 
swollen processes correlated with the 
clear spaces noted by light microscopy. 
Splitting of the myelin lamellae was fo- 
cally present. 

Electron microscopic examination 
confirmed that the thickened vascular 
walls were composed of collagen, elastin 
fragments, basal lamina, and electron- 
dense material, or lipid. No amyloid or 
intermediate filaments were visualized 
by electron microscopy. Glycogen was 
not part of the thickened vascular wall 
as demonstrated by the negative peri- 
odic acid-Schiff staining. Findings by 
means of energy dispersive spectrosco- 
py, special stains for caleium (alizarin 
red and von Kossa’s stain), and immuno- 
histochemical examination indicated 
that the extracellular granular electron- 
dense material was not mineral or me- 
tallic, glycogen, or immunoglobulin. 

Diagnoses of the 19 patients in the 
control group (mean age, 38 years) who 
had nonneoplastic disease are summa- 
rized in the Table. No patient had vascu- 
lar changes similar to those identified in 
our three patients. 


COMMENT 


Our three patients had similar clinical 
and radiological features, including pro- 
gressive dementia, abnormal gait, spas- 
ticity (two patients), urinary inconti- 
nence (two patients), preservation of 
sensory modalities, confluent PHL 
identified on MRI, and mild ventricular 
enlargement. The pathological features 
of the PHL seen on MRI were charac- 
terized by gliosis with mild rarefaction 
and edema of the white matter and a 
predominantly white matter vasculop- 
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Fig 5.—Case 2. A high-magnification electron micrograph of the granular electron-dense deposits 
double stained with uranyl acetate~lead citrate. These deposits are osmiophilic and are present in 
basal lamina beneath the endothelium, as well as admixed with the adjacent connective tissue 
(arrows). The aggregates are of no particular shape or size, and they are not present within 
endothelium cells or within the vascular lumen. Bar indicates 1 ym. 


athy involving arterioles, capillaries, 
and venules. The vasculopathy was 
characterized on light and electron mi- 
croscopy by three main features: 
(1) thickening of the vascular media by a 
disorganized mixture of collagen, elas- 
tin fragments, basement membrane, ly- 
sosomes, and granular electron-dense 
material or lipid that had replaced the 
medial smooth-muscle cells; (2) perivas- 
cular cells, of uncertain identity, con- 
taining multiple large complex lyso- 
somes and lipid within their cytoplasm; 
and (3) swollen astrocytic foot processes 
surrounding the involved vessels. 
These changes were present in all three 
patients. None of our patients showed 
any abnormalities of intima. Specifical- 
ly, there was no evidence of atheroscle- 
rosis or vasculitis such as intimal thick- 
ening, focal deposition of lipid, 
lipohyalinosis, or fibrinoid necrosis. 
There was no evidence of amyloidosis or 
of a proliferation or deposition of inter- 
mediate filaments. 

The differential diagnosis in these 
three patients includes Alzheimer's dis- 
ease, the most common cause of demen- 
tia that may be associated with PHL 
identified on MRI.” Although we can- 
not completely exclude Alzheimer’s dis- 
ease on the basis of the limited tissue 
available for pathological examination, 
the young age of the patients; the lack of 
prominent aphasia, agnosia, and aprax- 
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ia despite progressive dementia; the 
early motor signs; and the presence of 
the vasculopathy argue strongly 
against this diagnosis. Another diag- 
nostic possibility is normal pressure hy- 
drocephalus; however, the early onset, 
the absence of diseases predisposing to 
meningeal fibrosis, and the asymmetry 
of motor findings and prominent spas- 
ticity in two patients argue against diag- 
nosis. Furthermore, normal pressure 
hydrocephalus would not explain the 
pathological findings and the strokelike 
episodes seen in two of our three pa- 
tients. Other diseases associated with 
dementia and PHL identified on MRI 
that were excluded by clinical, laborato- 
ry, or pathological studies include mul- 
tiple sclerosis, the leukodystrophies, 
human immunodeficiency virus infee- 
tion, toluene exposure,” and progres- 
sive multifocal leakoencephalopathy. 
The strokelike episodes and focal mo- 
tor findings in two of our three patients 
suggest a vascular origin. None of the 
patients had cardiac disease or occlusive 
large-vessel cerebrovascular disease. 
This suggests that the small-vessel vas- 
culopathy, which was not present in any 
of our age-matched control patients, 
was the likely cause of elinical and ra- 
diological features in our patients. 
Although the clinical and radiological 
features of our three patients resemble 
those in patients with BSAE,™ impor- 


Diagnoses Established by 
Stereotactic Biopsy in Control 
Patients 
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Diagnosis 
Anoxic encephalopathy 
Cerebritis 
Encephalitis 
Hamartoma 
Hematoma (thrombosed) 
Lymphomatoid granulomatosis 
Multiple sclerosis 
Pick's disease 
Progressive multifocal 
leukoencephalopathy 
Radiation necrosis 
Thrombosed arteriovenous 
malformation 
Vasculitis 
Total 








tant differences exist. Typically, pa- 
tients with BSAE are elderly and hy- 
pertensive, whereas our patients were 
middle-aged, and none of them had sus- 
tained hypertension. Furthermore, the 
vascular pathologie features in our pa- 
tients were different from the vascular 
changes seen in patients with BSAE, 
which consist primarily of lipohyalinosis 
of small arterioles in the deep white 
matter. ™? 

There are accumulating epidemiolog- 
ic and pathologic data to suggest that a 
large subgroup of PHLs identified on 
MRI have a vascular origin, “”* Risk fac- 
tors consistently associated with these 
lesions are old age, hypertension, and 
ischemic stroke. Pathologically, PHLs 
are characterized by dilated perivascu- 
lar spaces surrounding hyalinized, scle- 
rotic, and ectatic vessels; gliosis; and 
myelin pallor. ®™®" Occasionally, areas 
of cystic infarction are also identified.” 
A commonly proposed theory is that 
PHLs identified on MRI are caused by 
subcortical ischemia as a consequence of 
subcortical occlusive small-vessel dis- 
ease, perhaps in association with low 
cerebral blood flow." If this theory is 
true, it is likely that several etiologic 
subtypes of small-vessel disease may 
cause these lesions. Indeed, periven- 
tricular lesions have been described in 
patients with poorly controlled hyper- 
tension,” amyloid angiopathy,”” and 
mitochondrial angiopathy.”™ 

The cause of the vasculopathy re- 
mains unclear. The complex lysosomes 
seen in the vessel walls in our patients 
have been previously described” as the 
result of intoxication with a variety of 
drugs, but a history of drug abuse was 
only elicited in one of our patients. No 
common therapeutic drug was used by 
all three patients. The electron-dense 
material seen in the vessel walls is not 
amyloid, immunoglobulin, intermediate 
filament, or a glycoprotein. However, 
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the fact that the granular material was 
identified on the endothelial side of the 
basal lamina beneath intact endothelial 
cells and junctions suggests the possi- 
-pility that this material was transported 
from the vascular lumen. 
Further studies are necessary to clar- 
ify the spectrum of vasculopathies asso- 
elated with dementia and PHLs identi- 
fied on MRI. 


» We thank Denise F. Egleton for the preparation 
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WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
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THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER. THE VAST MAJORITY OF THE 
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BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND APLAS- 
TiG ANEMIA. THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 08- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF ESTHER ABNORMALITY NONETHELESS. COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULO BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
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Betore prescribing Tegretol, the physician shouid be thoroughly tamiliar with the 
details of this prescribing intormation. particulerty regarding use with other drugs, 
especially those which accentuate toxicity potential 


DESCRIPTION 

Tegretol, carbamazepine USP is an anticonvulsant and specific anaigesic tor trigeminal 
neuraigia. available as chewable rabiets of 100 mg and tablets of 200 mg for ora! 
administration its chermcai name is SH-dibenz(b.tazepine-5-carboxamide, and its strur- 


tural formula is 
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Carbamazepine USP :5 a white to off-white powder. practically insoluble in water and 
Soluble in alcoho! and in acetone Its molecutar weight s 236 27 
Inactwe ingredients Cotiordal silicon dioxide FD&C Red No 3 ichewabie tablets oniy), 
FORC Red No 40 (200-mig tablets oniy). flavonng (chewable tablets only) geiatin 
Glycerin, magnesium stearate, sodium starch glycolate (chewable tablets only). starch 
Stearic acid, and sucrose (chewabie tabiets oniy) 


CLINICAL PHARMACOLOGY 
in cantrolted clinical tnais. Tegretol has been shown te be effective in the treatment o! 
Psychomotor and grand mal seizures. as well as gemina! neuralgia 

it nas demonstrated anticonvulsant properhes in rats and mice with electrically anc 
chemically induced seizures it appears to act Dy reducing polysynapic responses anc 
blocking the post-tetamic potentiation Tegretol greatly reduces or abolishes pain inducec 
by stimulation of the intraorbital nerve in cats and rats It depresses thaiarme potential anc 
dulbar and polysynapnc reflexes. inctuding the inguomandibular retiex in cats Tegretol ss 
chemically unrelated to other anticonvulsants or other drugs used to contro! the pain of 
trigeminal neuralgia The mechanism of acbon remains unknown 

Tegretai tablets are adequately absorbed after ora! administration at a slower rate than a 
Solution, thus avoiding undesirably high peak concentrations Tegretol chewable tadiets 
may produce higher peak levels than the same dose given as reguiar tablets Tegreto! in 
blood i$ 76% bound to plasma proteins Ptasma levels of Tegretol are variable and may 
range from 0 5-25 ug/ml. with no apparent reiabonship to the daily intake ot the drug 
Usual adult therapeutic ievels are between 4 and 12 gimi Following orai admimstravon 
serum levels peak at 4 to $ hours The CSF/serum rato 15 0 22 similar to the 22% 
unbound Tegretol in serum Because Tegretol may :nduce :ts own metabolism. the hait-lfe 
aS also variable initia) nalf-Hle values range from 25-65 hours, with 12-17 hours on 
repeated doses Tegreto! 1s metabolized in the iver After ora! administration of 140 -carba- 
Mazepine 72% of the administered radhoactwity was tound in the urine and 28% i the 
feces This urinary rad:oactiaty was composed iargety ot hydroxylated and conjugated 
metaboutes. with oniy 3% of unchanged Tegreto! Transplacental passage of Tegreto! s 
sapid (30 to 60 minutes}. and the drug is accumulated in fetai hssues. with nigner ievets 
found in hver and kidney than in brani and lungs 


INDICATIONS AND USAGE 
Epliepsy: Tegreto! is indicated for use as an anticonvulsant drug Evidence supporting 
atticacy of Tegrato! as an anticonvulsant was denved trom active drug-controlied studies 
that enrotled patients with the following seizure types 
1 Parhat seizures with complex symptomatology (psychomotor. temporat tobe} Patients 
with these seizures appear to show greater improvement than those with other types 
2. Generalized tonic-clome seizures (grand maij 
3 Mixed seure patterns which include the above o: other partial or generanzed 
seizares 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS, General) 
Trigeminal Meuraligia: Tegretol is indicated in the treatment of the pain assocrated with 
true Ingeminal neuraigia 

Beneticiat results have aiso been reported in giossoptaryngeal neuralgia 

This drug is not a simple anaigesic and should not de used for the relief af trivial aches gr 
pains 


CONTRAINDICATIONS 

Tegreto! should not be used in patients with a history of previous bone martow depression 

hypersensibwily fo the drug. ar known sensdnety to any af the tricyclic compounds. such 
as amitriptyline, desipramine. emipramine. protiptyine. nartnptyline. etc Likewise. on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 

Betore administradon of Tegretot, MAO inhibitors shouid be discontinued for a minimum 
of fourteen days. or jonger + the clinical situation permits 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may de part-cularly at 
Sk 

Severe dermatologie reactions including toxic epidermal necrolysis {Lyells syndrome} 
afd Stevens-Johnson syndrome. have been reported with Tegretat These reactions nave 
deen extremely rare However, a few tataities have been reported 

Tegretol has shown mid anticholinergic activity. therefore. patients with increased 
intraocular pressure should be closely observed dunng therapy 

Because ot the relationship of the drug to other tricycle compounds. the possitiity of 
activation of a latent psychosis and. in elderly patients. of contusion or agitation shouid be 
borne st mind 


PRECAUTIONS 
General: Before inating therapy. a detaded nestory and physical examination shouid be 
made 

Tegreta! should be used with caution in patients with a mered sezure disorder that 
includes atypicai absence sezutes since in these patents Tegretol has Deen associated 
with increased trequency of generalized convulsions (see INDICATIONS AND USAGE: 

Therapy should be prescribed only ater critical benefit-to-nsk appraisal in patents wath 
a history of cardiac. hepatic or renal damage adverse hematologic reaction to other 
drugs. of nterrupted courses of therapy with Tegreto! 
information for Patients: Patents should be made aware of the early tome signs and 
symptoms ot a potential hematologic problem. such as fever. sore throat, ulcers i the 
mouth. easy Stusing. petechial of purpunc hemearrhage. and should be advised f0 report 
to the physician mmediately it any such signs or symptoms appear 

Since dizziness and drowsiness may occur. pahents should be cautioned about the 
hazards of operating machinery or automobiles af engaging n giner potently dangerous 
tasks 
Laboratory Tests: Compiete pretreatment diood counts. including piatetets and possibly 
reticulocytes and serum ron. should be obtained a5 a baseime H a patient in the course of 
treatment axnitets low or decreased white isod cel of platelet counts. the patent shouid 





be monitored Closely Discontinuation of the drug should be considered t any evidence of 
significant Done marrow depression develops. 

Baseline and penodic evaluations of liver function Dar hculatly in patients with a history 
of liver disease. must de performed dunng treatment with tris drug since iva damage 
may occur The drug should be discontinued immediately in cases of aggravated uver 
dysfunction or active hver disease 

Baseine and penodic eye examinations ancigding sht-iamp, funduscopy and tonome- 
ity. are recommended since many phenothiazines ang (elated drugs Nave beer shown to 
cause eye changes 

Baseine and penodic complete unnalysis and BUN determinations are recommended 
for patents ireated win ths agent because of observed renal dystunchon 

Monitoring of biood teveis (see CLINICAL PHARMACOLOGY) nas increased the efficacy 
and safety of anticonvulsants This monitoring may be particularly usefui :n cases of 
dramatic increase in sewure frequency and tor venhcation of compiance in adgitien 
Measurement of drug Serum ieveis may aid 11 determining the cause of Toecty when more 
Man one medication 1s beng used 

Thyroid function tests have heer reported to shew decreased values with Tegreto! 
adminstered aione 

Hyponatremia has been reported in association wah Tegretol use. either alane or in 
combination with other drugs 
Drug : The sumultangous admustranon ot phenobarbdai, pnenytoin. or 
Drmidone. cr a combination of two produces a marked iowenng of serum levels of 
Tegreto! The effect of valproic acid an Tegretoi biooe levels is not clearly established 
although an increase :n the raho of active 10. 11-epoxide metaboiite to parent compound ss 
a consistent tinging 

The haif-ves of phenytoin, warfann, doxycycine and theophylline were siguficantly 
shortened when administered concurrently with Tegretol Haloperido! and valproic acid 
Serum levels may be reduced when these drugs are administered with Tegretot Tae doses 
of these drugs may therefore nave to be increased when Tegreto! is added te ine 
Merapeutic regimen 

Concomitant administration of Tegreto! with erythromycis. cimetidine proporyphene 
‘soMmazi6 OF Calcium channe! Blockers has bees reported to result «n elevated piasma ieveis 
of carbamazepine resulting in toxicity in some cases Aiso concomitant administration of 
carbamazepine and inhium may icrease the risk of neurotoxic side effects 

Alterations of thyroid tunchon nave been reported :a combination therapy wth other 
anticonvutsant medications 

Breakthrough bieeding has been reported among patients recewing concomiant orai 
contraceptives and their reviabiiity may be adversely affected 
Carcinogenesis. . impairment of Fertility: Carbamazepine when saming- 
tered to Sprague-Dawley rats for two years m the diat at doses of 25. 75. and 250 
mg/kg/day. resulted in a dose-related increase in the iscxtence of hepatocellular tumors in 
females and of benign interstitial celi adenomas :n the testes of maies 

Carbamazepine must. therefore. be considered 10 be carcinogenic in Sprague-Dawiey 
rats Bacterial and mammatian mutagenicity studies using carbamazepine produced 
negative resuits The significance of these findings relative to the use of carbamazepine 1 
humans is at presem unknown 
Pregnancy Category C: legretoi has been shown to nave adverse effects in reproduction 
studies in rats when given oraity in dosages 10-25 nmes the maximum human daily dosage 
of 1200 mg In rat teratology studies. 2 of 136 offspring showed kinked ribs at 250 mg/kg 
and 4 of 115 offspring at 650 mg/kg showed other anomaires (cleft palate. 1. talipes, t 
anophthaimos. 2) in reproduction studies in rats. nursiag offspring demonstrated a tack 
of weight gain and an unkempt appearance at a maternal dosage ievel of 200 mghky 

There are no adequate and weil-controlied studies in pregnant women EpwWemioiogical 
data suggest that there may de an associatior between the use of carbamazepine during 
pregnancy and congenitai maitormations. including spina tifida Tegretol should te used 
during pregnancy oniy it the potential benefit justihes the potential risk to the fetus 

Retrospective case reviews suggest that. compared wth monotherapy. there may be a 
higher prevalence of teratogenic eHects associated wit the use ot anticonvulsants on 
combination therapy Therefore. monotherapy 1s recommended tor pregnant women 





Only TEGRETOL. 
brand of carbamazepine. 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet. as well as 
a 200-mg scored tablet. 





{t's important to note that anticonvulsant drugs Should rot de discontinued in patients 
m whom the drug :s adminstered to prevent major seizures because of the strong 
possibility at precipitating status eptiepticus wiih attendart hypoxia and threat to ite in 
individual cases where the severity and frequency of the seizure disorder are such that 
femovai of medication does not pose a serious treat to the patient. discontinuation of the 
Grug may be considered prior to and during pregnancy although st cannot be said with any 
contidence that even minor secures do not pose some nazard fo the developing embryo or 
tetus 
Labor snd Delivery: The eftect of Tegretol on human iador and delivery ss unknown 
Nursing Mothers: Dunng iactation. concentration of Tegreta) :n mix is approximately 60% 
of the maternai plasma concentration 

Because of the potential! for serous adverse reachons in nursing infants from cat- 
bamazepine, a decision shouid be made whether to disconsnue nursing or to disconinue 
the drug. taking into account the importance of the drug to the mother 
Pediatric Use: Satety and effectiveness in chidren Detow the age of 6 years have not deen 
estadiished 


ADVERSE REACTIONS: 

it adverse reactions are of such severity that the drug must he discontinued. the phys:cas 
must be aware that abrupt discontinuation of any anticonvulsant drug in a resporsive 
epileptic patient may iead to seizures or even status epiepticus with its ite-threatening 
hazards 

The mos! severe adverse reactions have been observed in Ine hemopoietic system (see 
boxed WARNING). the skin and the cardiovascular system 

The most frequently observed adverse reactions. parhculatty during the initia! phases of 
therapy are dizziness. drowsiness, unsteadiness. nausea and vomiting To minimize the 
possibilty of such reactions. therapy should be initiated at the tow dosage recommended 

‘The foliowing additiona! adverse reactions Nave been reported 
Hemoporenc System Apiastic anemia. agranu'ocytosis. sancylopenia. bone marow 
depression thrombocytopenia leukopenia. feukocytosis. eesinoptiia. acute mtermitent 
porphyria 
Skin. Prunhe and erythematous tashes. urticana. tom epiderma! necrolysis iLyel!’s 
syndrome) {see WARNINGS) Stevens-Johnson syndrome «see WARNINGS). photosen- 
‘Sstvity reactions, alterations m skin pigmentation. extouatve dermanhs. erythema malti- 
forme and nodosum purpura. aggravation ot disseminated lupus erythematosus 
alopecia. and diaphoresis in certan cases. discontinuation 3t therapy may be necessary 
Cardiovascular System. Congestive heart fadure. edema aggravation of hypertension 
hypotension. syncope and cotiapse. aggravation of coronary artery disease. arrhythmias 
and AV block primary thrombaphiebitis. recurrence ot thrombophlebitis. and adenopathy 
or tymphadenopathy 

Some of these cardiovascuiat complications have resulted in fatahties Myocarsial 
infarction has been associated with other tricycitc compouncs: 

Liver Abdnormatties :n fiver funchon tests. cholestatic aag hepatoceliviar jaundice 
Aepatihs 

Respiratory System Puirnonary nypersensitedy characterized by fever dyspnea. pneu- 
momtis OF pneumonia 

Genitounnary System Unnary frequency. acute unnary retention ohguna with elevated 
blood pressure. azotemia. renai faure, and mnpotence Albuminuria. glycosuria. elevated 
BUN and microscopic deposits in the urine have aiso been reported 

Testicular atrophy occurred s9 rats recerwing Tegretol craity ‘rom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally, rats recening Tegretol in the diet for two years 
at dosage levels of 25. 75 and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy ang aspermatogenes's in dogs. i produced a brownish discoloration. presum- 
ably a metabolite in the urinary biadder at dosage levels of 50 mg/kg and nigter 
Relevance of these ndings 10 Numans is unknown 
Nervous System Uizzness. drowsiness. disturbances at coerd:nation. confusion. head 
ache. fatigue Diurred vision visual Mafiucinations transient Lpiepa oculomotor distur 
Dances. nystagmus. speech disturbances. abnormal involuntary movements. peripherai 
neuritis and paresthesias depression with apation, talkativeness. tamtus. and 
Typeracusis: 

There have been reports of associated paralysis ang other symptoms of cerebral arterat 
insuthciency. bul the exact seiationship of these reactions to the drug has not been 
established 
Digestive System Nausea yorubng. gastnc distress ang abdo-ninai pain diarrhea consti- 
pation anorexia. and éryness of the mouth and pharynx. imciucing giosss and stomatt:¢ 





Eves Scattered. punctate. cortical Jens opacities, as well as consunctivitis have been 
reported Alnough a direct causal telationsmip has not deen established many phe- 
nothiazines and related drugs have been shown to cause eye changes. 
Muscutoskeleta! System Aching jo-nts and muscles. and jeg cramps 
Metabolism Fever and chiis inappropnate antidiuretic hormone (ADH) secretion sya. 
drome has been reported Cases of frank water intoucation with decreased serum sodium 
inypanatremial and contusion have heen reported in asscoatien with Tegretol use {see 
PRECAUTIONS Laboratory Testsi 
Other isolated cases of a iupus erythematosus-itke syndrome nave been reported There 
have been occasionat reports ot elevated ieveis of chotestero: HDL cholesteroi and 
togiyceriges 19 patients taking anticanvuisants 

A case of aseptic meningitis. accompanied by Myocionus and penpheral eosinophilia 
has Deen reported in a patient taking carbamazepine in combination with other medica- 
nons The paken! was successtully dectiallenged and tne meningitis reappeared upon 
rechallenge with carbamazepine 


DRUG ABUSE ANO DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol 
ssychological or physicai dependence n numans 


OVERDOSAGE 
Acute Toxicity 
Lowest known ‘ethal dose adults =60 g (39-yearcid mani Highest known doses 
survived adults 30 g 131-year-oic woman}. chidren 10 G (6-year-oid boy) sma! 
children. $ g (3-year-oid priy 

Orai LDQ in animais imgrkg) mce, 1100-3750 rats, 3850-4025 rabbits. 1500-2680. 
guinea pigs 920 
Signs and Symptoms 
The trst sgns and symptoms appear after 1-3 hours Neuromuscular aisturbances are ihe 
most prominent Cardiovascular disorders are generally mider and severe cardiac com 
Ohcations occur oniy when very hgh doses {>60 g) have been ingested 
Respiration itreguiar breathing respiratory depression 
Cardiovascular System Tachycardia hypotension of hypertension. shack conducton 
disorders 
Nervous System and Muscies impairment of consciousness ranging in severity to deep 
coma Convuisions. especialty in smali chidren Motor restiessness muscular twitching 
tremor athetoid movements opistnatonos. ataxia. drowsiness dizziness. mydriasis 
nystagmus. adiadochokinesia baiksm, psychomotor disturbances dysmetria imta 
hyperteflexia. foliowed Dy hypdretexia 
Gastrumestinai Tract Nausea. vomting 
Kidneys and Bladder Anuria of ohguna. unnary retention 
Laboratory Findings isolated instances of overdosage have included leukocytosis. re- 
duced ‘eukocyte count. glycosuins and acetanuna EEG may show dysmytnmias 
Combined Poisoning When aiconoi ticyche antidepressants barbiturates of hydantomns 
are taken at the same time. tne signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe Borsorung 1s cnticaliy dependent upon prompt elimination 
of ihe drug which may be acteved by inducing vomiting iengating the stomach. and by 
taking appropnate steps 10 demimsh absorption T these measures cannot be implemented 
without risk On The Spot. the pahent should be Iransterred at once to a hospital. whiie 
ensuring that vitai tunctions are safeguarded There is no specitic antidote 
Exmunation of the Crug faduchon of vomiting 

Gastne iavage Even when more then 4 nours have elapsed following ingestion of the 
drug. the stomach should be repeatediy imngated. especially i the patient nas also 
consumed alcoho! 
Measures to Reduce Absorphan Actwated charcoal, laxatives 
Measures to Accelerate Enmunation Forced diuresis 

Dialysis is indicated only in severe poisoning associated with rena) taiure Replacement 
transfusion is indicated i^ severe poisoning in smali cmidrer 
Respiratory Depression Keep tne airways tree. resort it necessary, to endotracheal 
intubation. artificial respiration and administration of oxygen 
Hypotension Shock Keep the patients ‘egs raised and admmister a plasma expander If 
diood pressure fails to rise despite measures taken t0 mecrease plasma volume use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning Oazepam or barbiturates may aggravate respiratory depression jespecially in 
chidren). hypotension and coma However barbiturates should not be used if drugs that 
inhibit monoamine Oxidase have aiso been taken dy the patent erther in overdosage of in 
recent therapy (within one week 
Surveniance Respuation. cardiac tuncton (ECG monitoring). biood pressure body tem- 
perature pupillary reflexes. and kidney and bladder function should be monitored tor 
severai Gays 
Treatment of Hood Count Abnormaines it evidence of significant bone marrow depres- 
son develops. the following recommendations are suggested (1) stop the drug. (2} 
pertorm daily CBC. platelet and reticulocyte counts. (3) do a bone marrow asmration and 
treptune biopsy immediately and repeat ath sufficient trequedcy to monitor recovery 

Speciat periodic studies might be neiptui as toliows. {1} white ce! and platelet ant 
bodies. (2) 59Fe—ferrokinetic studies. (3) peripheral diood cell typing. 14) cytogenetic 
Studies on marrow and penpheral bigot i5) bone marrow cuilure studies tor colony: 
forming umts (6) hemoglobin eieciropaoresis tot Ag and F hemogiobin, and (7) serum 
fone acid and Byg ievels 

A tuity developed aplastic anemia wr! require appropriate intensive monitoring and 
therapy. for which specralized consuitation should be sought 


DOSAGE AND ADMINISTRATION 

Monitoring of blood leveis has increased the efficacy and satety of antiwanvuisants (see 
PRECAUTIONS. Laboratory Tests) Dosage should be adjusted to the needs ot the individ- 
uai patient A iow mihal daily dosage with a gradual increase :$ advised As soon as 
adequate control is achieved the dosage may be reduced very gradually to the minimum 
sttective level Tablets shouid be taken with meais 

Eptiepsy (see INDICATIONS AND USAGE) 

Adults and children over 12 years of age—tnitial: 200 mg b: d increase at weekly 
intervals by adding up to 200 mg per dey using at: d orgs d regimen unti the nest 
response is oDtained Dosage should generally not exceed 1000 mg dary in children 12 to 
1S years of age and 1200 mg dary in patents above 15 years of age Doses up to 1600 mg 
Gasty Mave been used in adults in rare instances. Maintenance: Adjust dosage to the 
minimum effective level usually 800-1200 mg dany 

Chitdren 6-12 years of age Initial: 100 mgd: d increase at weekiy intervals by adding 
190 mg per day usinga t: ¢ orq: d regimen until the best response s obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
ettective ievel. usuatiy 400-800 mg daily 

Combination Therapy: Tegretol may be used alone or with other anticonvuisants When 
added to existing anticonvulsant therapy. the drug should be added gradually while the other 
anticonvulsants are maintaned of gradually decreased. excep! phenytoin which may have 
to be increased isee PRECAUTIONS. Drug Interactions and Pregnancy Category C) 
Trigemingi Neuralgia (see INDICATIONS AND USAGE! 

initial: 100 mg bi d on the first day for a total daly dose at 200 mg This dasty dose may 
be increased by up to 200 mg a day using acrements of 100 mg every 12 hours only as 
needed 10 achieve freedom from pain Do not exceed 1200 mg daily 

Maintenance: Contro! of pain can be mawtained in most patents with 400 mg to BOO mg 
Baily However, some patients may be maintaneg on as itie as 200 mg daily. while others 
may regure as much as 1200 mg day At ieast once every 3 months throughout the 
freatment period. attempts should be made to reduce the dose to the minimum effective 
fevel of even to discontinue the drug 


HOW SUPPLIED 
Chewable Tablets 100 mg—round red-speckied, pink. singie-scored {:mpnnied Tegretol 
on one side and 52 twice on the scored side) 
Bones ot 100 NDC 0028-0052-01 
Uns Dose (buster pack} 

Box of 100 

istrips of 10) NOC 0028-0052-61 
Tablets 200 mg—capsuie-shaned pink. singie-scored (mpnnted Tegretol on one side 
and 27 twice on the scored side} 

Bories of 100 

Bones of 1000 
Gy-Pae*—One Unit 
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12 Dotties~~ 100 tabiets gach NBC 0028-0027-65 
Umt Dose {bister pack! 
Sox of 100 


istips of 10} NDC 0028-0027-61 
Sampies. when avaiable are Wenuhed dy ine word SAMPLE appearing on each tablet 
Protect trom moisture 
Dispense in hght container {USP} 

4150 avaiable as Tegreto} suspension 100 mg-5 mi in 450 mi bomies 


Prnted nu SA C90-34 (Rev 6 90) 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsiey. New York 10502 


Geigy 


¢ 


+ 





Regional Cerebral Blood Flow Correlates of 


Language Processes in Reading Disability 


D. Lymn Flowers, PhD; Frank B. Wood, PhD; Cecile E. Naylor, PhD 


® This series of studies tests the hypothe- 
sis of abnormal left hemisphere activation in 
reading-disabled subjects during language 
task performance. First, a left superotem- 
poral focus of activation, as measured by 
regional cerebral blood flow, was found to be 
positively correlated with task accuracy in a 
group of 69 normal adults. Next, that left su- 
perotemporal activation was replicated in a 
‘second group of 83 adults whose childhood 
reading ability was known from standardized 
tests given in childhood. Finally, in that latter 
group, childhood reading ability was also 
found to be inversely correlated with focal 
activation in a more posterior, temporoparie- 
tal area of cortex. Adult reading outcome was 
statistically unrelated to this finding. The re- 
sults are interpreted as suggesting a trait 
anomaly of left hemisphere cerebral activa- 
tion in adults who were dyslexic as children 
and as providing an existence proof of indi- 
vidual differences in focal cortical activation 
sites during constant task demands. 

(Arch Neurol. 1991 ;48:637-643) 


D yslexia or reading disability, de- 
fined as the failure to achieve age- 
-predicted reading levels despite normal 
intelligence and adequate learning op- 
portunity, has triggered numerous the- 
oretical explanations. However, inas- 
much as persistent language deficits are 
consistently found,’ a left hemisphere 
neural anatomical substrate has been 
proposed especially often for develop- 
mental reading disability.’ 
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Chronic atypical left hemisphere or- 
ganization in dyslexic individuals is sug- 
gested by two types of anatomical evi- 
dence. First, at the microscopic level, 
neuronal anomalies including dysplasias 
in the cortical layers and ectopic neuro- 
nal cell bodies have been observed in 
human dyslexics. In contrast with find- 
ings in normal readers, consecutively 
presenting dyslexic patients were all 
found by Galaburda and others” to have 
neural anomalies, predominantly in the 
left perisylvian cortex. These abnor- 
malities are proposed to occur in the 
second trimester during the wave of cell 
migration that forms the upper cortical 
layers. Similar anomalies can be in- 
duced in laboratory animals by creating 
small necroses in the cortex, thus inter- 
rupting cells as they migrate into the 
superficial cortieal layers.” In humans, a 
specific necrotic agent has not been 
identified, but a slower maturation rate 
of the left hemisphere temporal region 
is proposed to render it especially vul- 
nerable to insult during this period of 
migration.’ 

Second, at the macroscopic level, 
atypical neural organization in reading- 
disabled subjects is suggested by the 
absence of the normal left-greater-than- 
right asymmetry in the posterotem- 
poral planum in autopsy material.“ 
Studies using in vivo techniques, com- 
puted tomography, and magnetic reso- 
nance imaging also have reported tem- 
poral planum symmetry or reversed 
asymmetry statistically more often in 
language-disabled subjects." A possi- 
ble origin is anomalous cell migration 
and organization, demonstrated experi- 
mentally in primate studies””: in the 
fetal monkey, after a unilateral frontal 
lesion, greater-than-normal neural pro- 
jections are found bilaterally. The re- 


sponsible mechanism is believed to be 
reduced cell death during corticogene- 
sis. In the case of reading disability, the 
more symmetrical temporal planum 
might then also result from an original 
unilateral lesion, possibly in the left 
hemisphere. 

Thus, there is reason, from micro- 
structural and gross structural studies, 
to consider that the behavioral deficit 
observed in developmental reading dis- 
ability may be related to the anomalous 
organization of tissue lying within the 
left hemisphere processing regions. 

In addition, physiological evidence 
suggests that verbal processing deficits 
are related to atypical neural activity. 
The intraoperative brain stimulation 
mapping technique has shown that sites 
functionally involved with basie lan- 
guage skills (for instance, naming, oro- 
facial sequencing, and phonetic dis- 
crimination) are distributed along the 
sylvian fissure. “”* Ina group of epileptic 
patients with left hemisphere domi- 
nance for language, greater variability 
in the distribution of language functions 
was reported than would be predicted 
by the classic models. The extent of epi- 
leptogeniec tissue did not predict this 
variability, but verbal ability did. That 
is, patients with poorer verbal ability 
demonstrated more naming interrup- 
tions in response to inferoparietal (an- 
gular gyrus) stimulation, a significant 
posterior shift from the left temporal 
site that was activated in patients with 
higher verbal ability. 

Based on these findings, Ojemann 
and Whitaker“ have speculated that 
displaced representation of a core lan- 
guage function from the posterotem- 
poral area into the nearby parietal re- 
gion might be typical of those with 
poorer verbal ability. They have ob- 
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served that early left anterotemporal 
lesions result in wider representation of 
naming in the posterotemporal and pa- 
rietal cortex. Functional displacement 
of some temporal lobe language mecha- 
nisms to the surrounding parietal cor- 
tex, the extent of which is related to 
how much the lesion encroaches on lan- 
guage centers, also has been proposed 
by Rasmussen and Milner” to occur 
postnatally following early brain insult. 
Translocalization of function into near- 
by cortical areas following experimental 
lesions is also known to occur in young, 
nonhuman primates.*” 


PHYSIOLOGICAL MEASUREMENTS 


Of the noninvasive physiological mea- 
sures available for study of nonclinical 
subjects, the xenon 133 regional cere- 
bral blood flow (CBF) method is well 
suited for monitoring the neural corre- 
lates of sustained language functions. 
Its temporal window is on the order of a 
few minutes, its relative safety and low 
cost allow the use of large normal refer- 
ence groups and multiple conditions,” 
and its ability to resolve gray- vs white- 
matter flow exceeds that of other 
methods. 

Only two rCBF studies of dyslexic 
adults have been published to date. The 
first” compared two severely impaired 
male subjects with age-matched male 
subjects of normal reading ability while 
they read a prose story silently. A sec- 
ond study” compared a group of 14 dys- 
lexie male subjects with normal sub- 
jects on a semantic classification task. 
Neither study concluded that dyslexic 
subjects had a left hemisphere verbal 
processing deficit. Definitive conclu- 
sions cannot be drawn from these stud- 
ies, however: the sample sizes were too 
small to control statistically for trait and 
state individual differences due to age, 
IQ, and anxiety; and activation tasks 
were not closely related to those partic- 
ular language mechanisms involved in 
reading disability. 

In this study, an orthographic task 
was used, since persisting spelling defi- 
cit is often found to characterize adults 
with reading disability histories, even 
when their oral reading has improved.” 

Clearly, it is also desirable to study a 
large sample of adults whose childhood 
reading and academic histories are fully 
documented. Such a population was 
available for this investigation. The 
great advantage of using this population 
was that the diagnosis of reading dis- 
ability could be made based solely on 
objective childhood reading tests, 
which could then be used to predict 
adult blood flow patterns elicited by 
cognitive tasks. Thus, regardless of 
adult accomplishment due to training or 
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Table 1.—Descriptive Measures for 69 Normal Subjects * 













































































Variable Mean + SD Range 
Age. y 29.8 + 7.5 18-46 
Education, y 14.9 + 2.2 12-25 
Task accuracy (d’) 48+ 1.1 1.9-6.0 
Anxiety score 586.3 + 11.3 40-91 
Estimated Full-Scale IQ 108.6 + 12.0 92-146 
Estimated Verbal IQ 107.1 + 13.2 88-150 
Estimated Performance IQ 108.7 + 11.2 87-139 





* Anxiety Score is the sum of the pretest and posttest scores on the Spielberger State-Trait Anxiety Inventory 
(n = 47). Estimated IQ scores are extrapolated from two Verbal subscales (Vocabulary and Digit Span) and two 
Performance subscales (Block Design and Digit Symbol) of the Wechsler Adult Intelligence Scaie-Revised. 


Table 2.—Descriptive Measures for 83 Orton Group Subjects by Childhood 
Reading Level’ 


Reading Disabled 
(n = 33) 


t 


Nondisabied 
(n = 23) 


Borderline 
(n = 27) 





33.8 + 5.7 


lag 


Age, y 


33.8 + 4.3 32.2 + 53 





Education, yt 147+ 26 


16.3 + 2.3 17.2 + 1.6 





Task accuracy d’+§ 3.04 + 1.0 


3.93 + 1.1 4.88 + 0.9 





HTH fit 


State anxiety score 61.3 + 11.8 


63.6 + 15.4 57.7 + 10.6 





Childhood tQ 


Full-Scale+ 102.5 + 10.6 


108.5 + 11.1 119.0 + 6.5 





Verbalt 98.5 + 12.0 


107.4 + 11.6 119.3 + 8.9 





I+ le LH 


Nonverbal _ 106.4 + 11.3 


108.2 + 12.5 114.8 + 8.3 





Adulthood IQ 
Full-Scalet 


Verbalt 
Nonverbal 
*Values are mean + SD. 


96.0 
94.5 


11.0 
11.0 





Het TH 





106.0 
103.2 
106.0 + 12.9 


12.3 110.8 + 11.8 
112.7 + 10.8 


106.2 + 12.5 





tReading-disabied subjects difter from all others by Tukey's Studentized Range Test at P < .05. 


All paired comparisons are significantly different. 


§Nondisabled readers do not differ significantly from subjects in the normal (study 1) group. 
|Reading-disabled and borderline subjects differ from good readers. 


practice, a hypothesis of neural physio- 
logical deficiency rooted in early devel- 
opment could be tested in subjects de- 
fined by their documented childhood 
reading disability. 


THEORETICAL PREDICTIONS 


From the studies of Ojemann and co- 
workers and related evidence, it was 
plausible to predict that (1) in a normal, 
nonclinical population, a language- 
based task would be accompanied by 
focal activation of the left hemisphere 
perisylvian (superotemporal) regions; 
and (2) in an adult population that in- 
cluded subjects with documented child- 
hood reading impairment, displacement 
or spread of activation to surrounding 
regions, in particular to the adjacent 
posterior (temporoparietal) region, 
would be related statistically to the de- 
gree of early disability. 

Three studies utilizing the rCBF 
method are reported herein. The first 
involves orthographic task accuracy 
correlation with blood flow during the 
task in healthy adults with no history of 
reading problems; the second replicates 


the same correlation in a group of adults 
with documented, varied reading his- 
tories; and the third is a prediction from 
childhood reading level of adult blood 


flow as measured during task 
activation. 
SUBJECTS AND METHODS 


Subjects 


The three studies reported shared the 
same equipment, stimuli, and procedure but 
utilized different sets of subjects. Experi- 
mental procedures and safety factors were 
explained to subjects and informed consent 
was obtained. 

For study 1, anormal sample of 69 subjects 
(89 men and 30 women) performed an ortho- 
graphic analysis task. All subjects were 
right-handed and of average intelligence 
(Wechsler Adult Intelligence Scale~Re- 
vised”; Table 1), An interview determined 
that no subject had a history of reading reme- 
diation or had repeated grades. 

The 88 subjects (72 men and 11 women) in 
studies 2 and 3 were referred to the Orton 
Reading Center in Winston-Salem, NC, dur- 
ing its operation between 1957 and 1972. 
Their childhood records, accessed with writ- 
ten permission, are maintained at the Health 
Sciences Library of Columbia University, 
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New York, NY. These records contain de- 
tailed parent and teacher interviews, school 
reports, and scores on standardized reading, 
achievement, and IQ tests. Variables used to 
.-cantrol statistically for subject differences 
ate given in Table 2. 
Childhood and adult intellectual ability 
was assessed using standardized tests appro- 
‘priate to the age range.” All subjects had 
~ ¢hildhood and adult IQ scores of at least 80 on 
either the Verbal or the Performance scale. 
Subjects who had attended the Orton 
Reading Center were assigned to reading 
levels based on childhood reading ability us- 
ing the Reading Quotient (RQ) according to 
the following formula:” RQ-=(Reading 
Age/Chronologieal Age) 100. “Reading 
age” is defined as the reading grade level plus 
5, determined by an oral reading test (either 
the Gray Oral Reading Test” or the reading 
portion of the Wide Range Achievement Test 
[WRAT]*). If both of the two oral reading 
“quotients were 82 or less, a subject was said 
to be reading disabled (n= 383). If both quo- 
tients were above 91, then the subject was 
classified as not reading disabled (n = 28), All 
those not meeting these stringent criteria 
were classified as borderline (n=27), The 
cutoff scores were chosen to represent local 
school guidelines for learning-disabled classi- 
fication when recruited, ie, a diagnosis of 
reading disability is equivalent to being at 
least 1.5 years behind the reading grade level 
at the beginning of the third grade. 

For the Orton Reading Center group, two 
criteria defined current (adult) reading level: 
scores on the WRAT-Revised (WRAT-R)” 
and a reading discrepancy score (difference 
between the actual reading level on the Gray 
Oral Reading Test and the expected reading 
level as calculated using the formula of Fi- 
nucei et al”). Cutoff scores of 82 and 91 on the 
WRAT-Rand ~ 1.2and —0,6 discrepancy on 
the Gray scores were set. 

All subjects were free of known neurologi- 
eal impairment, major psychopathological 
conditions, hearing or other sensory impair- 
ment, and chronic pulmonary dysfunction. 
Handedness in the Orton Reading Center 
group was assessed by a self-report inven- 
tory.” Seven were left-handed and six were 
ambidextrous, 


Equipment 


Regional cerebral blood flow was mea- 
sured by a Novo Cerebrograph 32C system 
(Novo Diagnostic Systems, Bagsvaerd, Den- 
mark), which dispensed the radioactive trac- 
er (Xe), collected expired air, and mea- 
sured gamma emissions from the head in 5- 
second bins. A minicomputer (PDP-11, 
Digital Equipment Corp, Maynard, Mass) 
gave a continual on-line numeric and graph- 
ics display of the technical quality of ongoing 
measurements. Signals warned of carbon di- 
oxide and oxygen level abnormalities. A 
highly sensitive leak detector monitored 
leakage from the face mask; a soft plastic 
device fitted over the subjects nose and 
mouth to collect expired air. The subject was 
allowed to adapt and breathe normally. 
~For each measurement, a mixture of air 
and- concentrated “Xe (approximately 
(25.9 10" Bq/L of air) was administered for 1 
“minute while clearance was measured by 16 
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Fig 1.—Hemispheric mean corrected values as a function. site for 69 normal subjects. Probe 


locations: 1, frontal eye fields; 2, Broca’s area; 3, hand motor; 4, hand sensory; 5, Wernicke’s area; 0 


6, temporoparietal area; 7, inferior temporo-occipital; and 8, primary occipital. 
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Fig 2.—Hemispheric mean corrected values plotted as a function of probe sites in the left and right 
hemispheres of 83 subjects from the Orton Reading Center subject pool by childhood reading 
classification. Dotted line indicates reading disabled (n=33); dashed-and-dotted line, borderline 


(n= 27); and solid line, not reading disabled (n= 23). Probe locations are as in Fig 1. 


thallium-activated sodium iodide crystal 
scintillation detectors mounted in shielded 
lead collimators, eight on each hemisphere. 
Sites were chosen to represent primary sen- 
sory areas, language regions, and frontal re- 
gions thought to be involved in attentional 
processes. Correct placement of the detee- 
tors was assured by matching markers on the 
helmet to anatomical landmarks. This meth- 
od had been previously verified using both 
roentgenogram and cadaver cheeks.” 

The Initial Slope Index (ISI) of Risberg et 
al,” a conservative index of gray-matter ac- 
tivity, represents the flow at each probe site. 


A value for each probe site is calculated from 


the clearance. rate of radioactive tracer at 
each probe site, beginning when saturation 
has declined to 20% of its maximum level and 
continuing over the next minute. The balance 
of time to the end of the 11-minute measure- 
ment period serves to calculate corrections 
for clearance from nonneural tissue. 


Procedures 
Subjects performed three tasks, appropri- 


ately counterbalanced, involving verbal 
memory, auditory perception, or spelling 
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analysis. Only results from the spelling task 
are reported herein. 

With the room quiet and darkened, task 
and tracer delivery were begun simulta- 
neously. Subjects listened to 88 highly im- 
ageable, common concrete nouns taken from 
a standard list and delivered binaurally 
through ear insert phones (Lanier World- 
wide, Atlanta, Ga) via a Dolby cassette re- 
cording played on a receiver (Realistic SCR- 
2500, Tandy Corp, Fort Worth, Tex). Half of 
the words were exactly four letters long, and 
these were randomly distributed in the list. 
The words were delivered at 2.5-second in- 
tervals, the entire task taking 3 minutes 40 
seconds. Subjects were instructed to make a 
bimanual finger-lift response to any four-let- 
ter word. Hits and false alarms were record- 
ed. Twenty minutes was allowed between 
tasks. 


RESULTS 


Following common rCBF practice, 
each of the 16 ISI values obtained from 
each subject was corrected by that sub- 
jects hemispheric mean flow: (ISI/ 
Mean Flow) x100. A general linear 
model related these hemisphere-cor- 
rected ISIs either to accuracy of task 
performance or to childhood reading 
level. Childhood IQ was included in the 
model as a covariate to assure that pre- 
dicted differences in flow were not due 
to differences in general ability. Also, 
since the rCBF literature has consis- 
tently shown the independent effects of 
age, gender, and task order on blood 
flow,” these variables were entered as 
covariates in the general linear model 
predicting flow from task accuracy. Al- 
though all 16 probe values could be sub- 
jected to post hoc statistical analysis, 
the hypothesis that perisylvian lan- 
guage areas would be activated by task 
identifies two a priori sites: the inferior 
posterofrontal premotor area of Broca 
(probe 2) and the superior posterotem- 
poral area of Wernicke (probe 5). 

Task accuracy was calculated as d’, to 
reflect both hits and false alarms.” 
Mean (+) d’ values for the normal and 
Orton Reading Center groups were 
4.8+1.1 and 3.8+1.2, respectively, in- 
dicating that the target stimuli were 
generally well discriminated by all 
subjects. 


Study 1 


The rCBF profile of hemisphere cor- 
rected ISI values for the 69 normal sub- 
jects, plotted by hemisphere and probe 
sites, is shown in Fig 1. By inspection, 
the pattern of activation is one of “hy- 
perfrontality” typically seen in normal, 
comfortably alert subjects,” ie, a gener- 
ally symmetrical profile with greater 
activation in the frontal as compared 
with posterior areas. The left temporal 
site also was somewhat elevated above 
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its neighbors during this auditory ver- 
bal task. 

Accuracy of task performance was 
positively correlated with blood flow 
only at the left Wernicke’s area (probe 
site 5; F[1,63]=4.14, df=1,63, P<.05) 
but not at the left Brocas area (probe 
site 2; P>.10) or at any other probe site. 
The general linear model analyses sta- 
tistically controlled for differences in 
flow that might be accounted for by a 
subject’s age, full-scale IQ score, gen- 
der, or the influence of task order (ie, 
whether the task was first, second, or 
third in a series); none of these variables 
were confounded with the significant ef- 
fect in Wernicke’s area. In a subset of 47 
subjects who completed subjective in- 
ventories of state anxiety,” statistical 
control for state anxiety also did not 
change these relationships. 

Therefore, the hypothesis was con- 
firmed for the temporal lobe site: in this 
normal subject group, accuracy on a 
spelling-related task was related to fo- 
cal activation of one left perisylvian re- 
gion, Wernicke’s area. While this find- 
ing does not specify which features of 
accurate task performance evoked the 
Wernicke’ area response, it is apparent 
that some readily measurable trait and 
state correlates of task performance, 
such as IQ and anxiety, were not re- 
sponsible for the temporal lobe 
activation. 


Study 2 


Regional cerebral blood flow values 
at all probe sites were evaluated but, 
based on the findings from the normal 
subject group, it was hypothesized a 
priori that task d’ would predict activa- 
tion only at the left Wernicke’s area 
(probe 5). Indeed, task performance did 
predict the rCBF measure at Wer- 
nicke’s area (F[1,77] = 7.22, P<.01). In 
addition to age, IQ, gender, and task 
order, already statistically accounted 
for in the analysis, self-reported eduea- 
tional attainment, state anxiety, or 
handedness as controlling variables also 
did not change the relationship. Thus, 
the hypothesized relationship between 
neural activation of the posterior left 
hemisphere language area and perfor- 
mance of a spelling task, found first in a 
normally presenting, nonclinical popu- 
lation, was strongly replicated in a sec- 
ond group of subjects whose childhood 
reading ability ranged from severely 
impaired to normal. Task performance 
was not related to flow at any other site. 


Study 3 


The rCBF profiles for the Orton 
Reading Center subjects, plotted by 
childhood reading level, are shown in 
Fig 2. The poor readers exhibited a re- 


duced response in Wernickes area, 
compared with good readers. That is not 
surprising, since poor readers per- 
formed the task less well, and task per- 
formance was shown in study 2 to corre- 
late with Wernicke’ area flow. 

The hypothesis was that in a group of 
adults with varied, documented reading 
histories, the poorer the childhood read- 
ing level was, the more likely it was that 
task-related cortical activation would 
be accompanied by activation elsewhere 
than in the temporal lobe language-pro- 
cessing areas. Specifically, given the 
findings from brain stimulation studies, 
for this task already shown to be related 
to activation at Wernicke’ area (probe 
5), a low childhood reading level would 
be accompanied by evidence of a shift of 
activation to the nearby temporoparie- 
tal region (probe 6). Since childhood 
abilities were the basis for reading class 
assignment, childhood verbal and per- 
formance IQ scores were statistically 
controlled when relating task-induced 
cortical activation to early reading 
ability. 

In the test for the possible shift to- 
ward a more posterior focus of activa- 
tion, a negative linear relationship was 
found between childhood reading level 
and flow at probe site 6 (F [2,75] = 3.84, 
P<.03 in the general linear model), the 
temporoparietal probe site immediately 
posterior to Wernicke’s area. Paired 
comparisons showed the significant dif- 
ferences to be between good and poor 
readers (P<.01) as well as between bor- 
derline and poor readers (P<.01). In 
addition, age, gender, state anxiety, 
and task order did not account for the 
relationship. That is, while performing 
this spelling task, good childhood read- 
ers were more likely to reduce (or not to 
activate) flow at the temporoparietal re- 
gion, while poor childhood readers were 
more likely to increase (or not to reduce) 
activation at that region. A positive re- 
lationship between blood flow at Wer- 
nicke’s area (probe 5) and childhood 
reading was found to be significant only 
for the comparison between good and 
poor readers (F[1,75]=4.30, P<.05; 
Table 3). 

Of special importance for the issue of 
displaced function is the fact that the 
above inverse relationship between 
childhood reading and temporoparietal 
activity is independent of task perfor- 
mance: even when accuracy of task per- 
formance is entered into the general lin- 
ear model, the relationship holds strong 
(F[2,74]=4.60, P<.02). By contrast, 
the difference in flow at Wernickes area 
between extreme childhood reading 
levels is completely eliminated when 
differences due to task performance are 
considered, indicating the tight cou- 
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Table 3.—Task Performance and Childhood Reading Level Predictions of Blood Flow at 
Two Left Hemisphere Probe Sites for 83 Orton Subjects* 


Temporoparietal 
Area 
(Probe 6) 


Wernicke’s Area 
{Probe 5) 
Predictor 
Variable 


“Task accuracy (df = 1,77) 
Childhood reading (of = 2,75) 
RD vs BL 
RD vs NRD 
BL vs NRD 
Adult outcome (df = 2,48) 
PRD vs IRD. 
PRD vs Ni 
IRD vs NI 
* After taking into account variance due to age, gender, task order, and IQ. The IQ scores were the Wechsler 
Adult Intelligence Scale-Revised Full-Scale score for the adult behavioral measure (task accuracy) and the 
Wechsler Intelligence Scale for Children Verbal and Performance scores for childhood reading classification. 
‘Since adult IQ is used in calculating the adult reading discrepancy score on which adult reading level is based, 
only childhood IQ was a covariate in adult outcome paired comparisons. RD indicates reading disabled (n = 33); 
BL, borderline (n = 27); NRD, not reading disabled (n = 23): PRD, persisting reading disabled (n = 18); IRD, 
































improved reading disabled (n = 15); and NI, never impaired (n = 23). 
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Fig 3.—Hemispheric mean corrected values plotted as a function of adult reading outcome for 56 
subjects from the Orton Reading Center subject pool by adult reading outcome. Dotted line 
indicates persisting reading disabled (n = 18); dashed line, improved reading disabled (n= 15); and 


-solid line, never impaired (n = 23), Probe locations are as in Fig 1. 


pling between childhood reading ability 
and task accuracy in predicting activity 
specific to that site. 

The high temporoparietal flow that 
characterized poor childhood readers 
was independent of the adult reading 
outcome of the poor childhood readers, 
classified according to the same two ora! 
reading tests used to assign subjects to 


a childhood reading level. That is, of 


those who were impaired readers in 
childhood, the “persisting” and the “im- 
< proved” subjects had the same Wer- 
nicke’s” area-temporoparietal rCBF 
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profiles (Fig 3). The relationship of 
childhood reading level to adult blood 
flow in the temporoparietal region is, 
therefore, not simply an inverse of that 
found in Wernickes area, since the tem- 
poroparietal finding is unrelated to task 
accuracy or to the adult reading out- 
come of poor childhood readers. 

A visual comparison between the 
blood flow profile of the normal refer- 
ence group (Fig 1) and the profiles of the 
Orton Reading Center group, plotted 
by reading level (Fig 2), suggests differ- 
ences in the hemisphere-corrected ISIs 


at probes 2 and 6 in the right hemi. 
sphere. A post hoe analysis confirms. 
that the combined Orton Reading Cen: 
ter group as a whole has significantly . 
higher flow than the normal reference: 
group at probes 2 and 6. However, the 
degree of activation at either probe site 
is unrelated to any measures of adult- 
hood or childhood cognitive function or 
academic skill. It is not related to any 
demographic variable (eg, gender, 
years of education) or measured trait 
variable. Thus, there is no apparent rel- 
evance of these right hemisphere flow 
phenomena for dyslexia or other cogni- 
tive deficit. However, right temporo- 
parietal (probe 6) flow is significantly 
and positively correlated with state 
anxiety in the combined Orton Reading 
Center sample. Since the anxiety scores 
are significantly greater in the com- 
bined Orton Reading Center sample 
than in the normal reference group, the 
best explanation for the right temporo- 
parietal finding seems to be anxiety, not 
direct functional neuroanatomical 
differences. 


COMMENT 


In this investigation using the rCBF 
technique, a large group of normal 
adults showed task-specifie activation 
of a left hemisphere region correspond- 
ing to the classic language area of Wer- 
nicke. This result from 69 normal sub- 
jects provides support for selective left 
superior posterotemporal mediation of 
this reading-related task. The finding 
was then confirmed in a second, more 
varied group of 83 adults that included 
some severely impaired readers. As 
compared with good readers, poor 
childhood readers activated the imme- 
diately posterior temporoparietal re- 
gion more when performing this same 
task. 

Several explanations should be con- 
sidered. Cortical activation differences 
between dyslexic subjects and others 
could reflect previous verbal experi- 
ence. But, in this test of the relationship 
between childhood reading levels and 
adult cortical activation, we equate the 
subjects for educational experience and 
show that the effect is still present. 

Alternatively, if it can be assumed 
that reading-impaired subjects (who 
were less accurate) found the spelling 
task more difficult, then the greater ac- 
tivation of the temporoparietal region 
could be related to the additional effort 
exerted by those subjects. In fact, sub- 
ject ratings of task difficulty were corre- 


lated with task performance (r=.59; < a 


P<,0001). However, the relationship- 
between reading impairment and tem- 
poroparietal region activation does not 
change when subjects are equated for 
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-task performance. Therefore, effort due 
to task difficulty seems an insufficient 
explanation for the relative enhance- 
ment of the more posterior region ob- 
served in the impaired group. 

The observed more posterior activity 
could have yet another explanation: it 
could reflect different strategies em- 
ployed by dyslexic and normal readers. 
This raises the question why dyslexic 
subjects as a group would adopt a differ- 
ent strategy to do this task, a natural 
question for further research. A neural 
inefficiency hypothesis is still viable, 
therefore, since one logical explanation 
is that the use of a different strategy 
follows a structural insufficiency at 
Wernickes area. Possibly, good read- 
ers increase Wernicke’s flow and inhibit 
temporoparietal flow, while poor read- 
ers neither increase Wernicke’s flow 
nor inhibit temporoparietal flow. This 
might suggest that good reading is 
served by the efficient allocation of a 
circumscribed left hemisphere region to 
verbal processing. 

Alternatively, the cortical lesions 
presumed to develop in utero in dyslexic 
individuals could precipitate an atypical 
pattern of connectivity, in which axons 
normally targeted for Wernicke’s re- 
gion find targets within temporoparie- 
tal cortex. An example of similarly al- 
tered structural development is known 
from the animal literature on neural de- 
velopment. In studies of neonatal ham- 
sters and ferrets, it was found that si- 
multaneously lesioning visual target 
areas and auditory or somatosensory af- 
ferents resulted in stable, visually driv- 
en synaptic contacts at unoccupied audi- 
tory or somatosensory sites.°" In 
dyslexic subjects, the more posterior 
termination of embryonic axons would 
constitute a true structural displace- 
ment, established prenatally and re- 


L Horn WF, O'Donnel JP, Vitulano LA. Long- 
term follow-up studies of learning disabled persons. 
J Learn Disabil. 1983;16:542-555. 

2. Schonhaut S, Satz P, Prognosis for children 
with learning disabilities: a review of follow-up 
studies. In: Rutter M, ed. Developmental Neuro- 
psychiatry. New York, NY: Guilford Press; 
1983:542-563. 

3. Pennington B. Issues in the diagnosis and 
phenotype analysis of dyslexia: implications for 
family studies. In: Smith SD, ed. Genetics and 
Learning Disabilities. San Diego, Calif: College- 
Hill Press Inc; 1986:69-96. 

4. Felton RH, Wood FB. Cognitive deficits in 
reading disability and attention deficit disorder. J 
Learn Disabil. 1989;22:3-22. 

5. Geschwind N, Galaburda AM. Cerebral later- 
alization: biological mechanisms, associations and 
pathology. Arch Neurol. 1985;43:428-459, 

6. Kaufmann WE, Galaburda AM. Cerebroeor- 
tieal mierodysgenesis in neurologically normal 
subjects: a histopathologic study. Neurology. 
1989;39:238-244. 


642 Arch Neurol—Vol 48, June 1991 


ee 


maining fixed. So formed, these atypi- 
eal circuits perhaps would not be as 
efficient as those established under non- 
lesion conditions and would explain why 
fully normal functions would not 
develop. 

If a general displacement model is 
thus entertained, then the data permit a 
refinement of the model as follows. The 
full complement of functions normally 
represented in Wernickes area is not 
entirely displaced to the more posterior 
locus, since a full displacement should 
have resulted in a correlation with task 
accuracy in the posterior area, contrary 
to the actual findings. Instead, it must 
be a subset of functions that is displaced 
(a subset whose activation at the tem- 
poroparietal site is quantitatively unre- 
lated to task performance). On the other 
hand, a simple recruitment of normal 
temporoparietal functions (as though it 
were only the strategy that was shifted 
from Wernicke’s area to the temporo- 
parietal region) is apparently inade- 
quate to explain the results. Ifthat were 
the explanation, then poor childhood 
readers who improved should have 
shown a different temporoparietal acti- 
vation from that shown by those who did 
not improve. 

The fact of compensation must also be 
acknowledged as the other side of the 
theoretical coin. Approximately half of 
the Orton Reading Center group who 
were impaired as children read normal- 
ly on the WRAT-R and Gray oral read- 
ing tests when evaluated as adults. It is 
plausible that those individuals who im- 
prove do so by tapping compensatory 
pathways, perhaps by overpractice of 
traditional strategies” or adoption of al- 
ternate strategies. We found no corre- 
late of this compensation distinct from 
childhood reading, however. Thus, 
compensation can occur in spite of, or 
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Validation of a Clinical Antisaccadic Eye Movement Test 
in the Assessment of Dementia 


Jon Currie, FRACP; Ben Ramsden; Cheryl McArthur; Paul Maruff 


e The ability to generate antisaccades 
(eye movements deliberately made in the di- 
rection opposite to that of a visual stimulus) 
may be used to assess central nervous sys- 
tem function in a variety of neurologic and 
psychiatric disorders. However, the useful- 
ness of this paradigm in clinical practice is 
limited by the need for an oculographic lab- 
oratory. We describe a clinical version of 
such an antisaccadic task and present nor- 
mative data from 332 subjects. We also ex- 
amined clinical antisaccades and cognitive 
performance in 30 patients with Alzheimer’s 
disease, five patients with Huntington's dis- 
ease, and 12 patients with pseudodementia. 
In Alzheimer’s disease, error rates in the clin- 
ical antisaccadic test correlated well with 
those from a laboratory-based antisaccadic 
task measured on the same day by infrared 
oculography, confirming that the clinical 
antisaccadic test is a valid analog of the more 
sophisticated laboratory paradigms. Clinical 
antisaccadic error rates correlated strongly 
with the severity of dementia in Alzheimer’s 
disease, and correlations with cognitive per- 
formance suggested that the clinical antisac- 
cadic test may have some specificity for 
frontal lobe dysfunction. Patients with pseu- 
dodementia had normal clinical antisaccadic 
error rates, and the test may therefore be of 
use in differentiating dementia from pseudo- 
dementia. This clinical antisaccadic test pro- 
vides a simple, reliable, and inexpensive 
quantitative clinical tool that is of value in the 
assessment of disturbances of higher corti- 
cal function. 

(Arch Neurol. 1991 ;48:644-648) 


[_aboratory measurement of eye 

movements has assumed inereas- 
ing importance in the assessment of ab- 
normalities of central nervous system 
function in a variety of neurologic and 
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psychiatric disorders that include Alz- 
heimer’s disease, * Huntingtons dis- 
ease,” progressive supranuclear palsy,’ 
Parkinsons disease,” schizophrenia,” 
and the acquired immunodeficiency 
syndrome. ™” Of particular value is the 
analysis of voluntary eye movements 
that result from more complex visual 
cognitive or memory tasks, such as the 
ability to generate antisaccades.*°"°"" 
Antisaccades are eye movements delib- 
erately made in the direction opposite to 
that of a suddenly presented peripheral 
stimulus and require the suppression of 
any reflexive eye movement toward 
that stimulus.” The ability to suppress 
a reflexive glance at a target, but to use 
the target’s visual information accu- 
rately to move the eyes in the opposite 
direction, is thought to utilize cortico- 
tectal pathways that originate from sev- 
eral areas of the frontal cortex and de- 
scend via the caudate nucleus, sub- 
stantia nigra, and superior collicu- 
lus.“"""*"* Abnormalities of both antisac- 
eadic accuracy and latency occur with 
cortical and subcortical lesions that in- 
volve these areas.”"” 

Two major drawbacks to the routine 
use of high-resolution eye movement 
measurement in clinical neurologic 
practice are the need for a laboratory 
setting and the cost of the equipment 
required. Although laboratory record- 
ing techniques significantly increase the 
ability to detect and quantify different 
eye movement abnormalities,” clinical 
examination of eye movements can still 
play a valuable role in the examination 
of many neurologic diseases.” This re- 
port describes and validates a clinical 
antisaccadic eye movement test and il- 
lustrates its use in the clinical assess- 
ment of dementia in patients with Alz- 
heimer’s disease. 


SUBJECTS AND METHODS 


Clinical Protocol for the Antisaccadic Eye 
Movement Test 


The subject was seated facing the examin- 
er, who positioned his hands equidistantly 


from the midline in the subjects left and 
right visual fields, with each index finger 
extended in the manner commonly used to 
test visual fields by confrontation. The stim- 
ulus for each trial was two to five rapid, 
repeated flexions of one or the other of the 
examiners index fingers. A saccadic and 
antisaccadic task were performed, the sac- 
cadic task acting as a training session for the 
antisaccadic test. 

Saccadic Task.—The subject was in- 
structed to remain looking at the examiner's |. 
nose until one of the examiner's index fingers 
moved and then as quickly as possible to 
“turn your eyes only and look at the finger 
that moves.” Following either a correct or 
incorrect response, the subject was then in- 
structed to look back at the examiner's nose, 
and each subsequent trial was not begun un- 
til this central fixation was clearly reestab- 
lished. The task was therefore paced by the 
subjects responses. A random sequence of 
six to 10 saccades to the subjects right and 
left, looking at the moving finger, was then 
performed. This allowed the subjects to learn 
not to anticipate a predictable sequence of 
steps from one side to the other, and to learn 
to move only their eyes to look at the target 
and not to point with the hand or verbally 
indicate left or right, as is commonly done 
with visual field testing. The subject's re- 
sponse was recorded as the direction of the 
initial movement of the eyes fromthe midline 
in response to the movement of the examin- 
er’s finger. A correct response for the saccad- 
ic task was an initial eye movement toward 
the moving finger. The saccades were contin- 
ued until the subject could perform the task 
correctly. 

Antisaceadiec Task.—The subject was 
then informed that the task had changed and 
given the following instruction by the exam- 
iner: “When my finger moves, do not look at 
the finger that moves, look immediately in 
the opposite direction at the finger that does 
not move.” For the antisaccadie task, the 
correct response was an initial eye move- 
ment to the side opposite that of the moving 
finger, and any initial eye movement across 
the midline toward the moving finger was 
recorded as an error, even if a subsequent 
correction toward the nonmoving finger was 
made. If comprehension of the task seemed 


incomplete, the subject was asked to point _. 


with a finger at the correct, opposite, non- 
moving target, to demonstrate that the prin- 
ciples of the test were understood. Once the 
concept of the task had been established, 25 
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trials were performed with random determi- 
nation of laterality, and again central fixation 
was reestablished after each trial before con- 
tinuing to the next trial. The first five of 
these 25 trials were regarded as practice tri- 
als and were not scored, and the instructions 
 eould be repeated during these five trials to 
“ensure that the task was understood. The 
“examiner then scored the number of correct 
responses for the subsequent 20 trials. Brief 
positive verbal reinforcement was given af- 
ter each trial, and the instructions for the 
task were repeated if two successive incor- 
rect responses occurred. A percentage error 
rate was calculated for the antisaccacic task 
as follows: (Number of  antisaccadic 
errors/total number of trials) x 100. 

In 15 control subjects (eight male, seven 
female; mean age, 43 years; age range, 15 to 
80-years), the eye movement responses elic- 
ited during this clinical antisaceadic testing 

were recorded using infrared seleral reflec- 
“tanee oculography (IRIS, Skalar, Delft, the 
Netherlands) and a computer timing switch 
initiated by the flexion movement of the ex- 
aminer’! finger (Fig 1). In these 15 control 
subjects and in 15 subjects with Alzheimer’s 
disease, the error rate in the clinical antisac- 
cadie testing was also correlated with the 
error rate recorded on the same day by infra- 
red oculography during a typical laboratory- 
based antisaccadic task, similar to that de- 
scribed by Lasker et al.” In this laboratory- 
based task, subjects fixated a central green 
light-emitting diode target, which was then 
extinguished simultaneously with the ap- 
pearance of a peripheral red target posi- 
tioned either to the left or right of midline. 
The red target was laser generated and com- 
puter controlled using X-Y mirror galvanom- 
eters (General Scanning, Watertown, Mass). 
Displacement and timing of the appearance 
of the peripheral red target was pseudoran- 
dom, with 7.5°, 10°, or 15° steps and 2.0- or 
2.5-second intervals after fixation. The sub- 
ject was instructed not to look at the red 
target but immediately to look at an imag- 
ined point an equal distance on the opposite 
side of the midline and to hold the gaze there 
until returning to central fixation with the 
reappearance of the central green target. 


Subjects 


Control Subjects. —There were 332 con- 
trol subjects, including 180 healthy volun- 
teers (83 male, 97 female; age range, 15 to 89 
years, with a mean age [+SD] of 41418 
years) and 152 hospital inpatients and outpa- 
tients with a variety of nonneurologic illness- 
es (65 male, 87 female; age range, 15 to 87 
years, with a mean age of 52 + 21 years). 
Patient Groups.—There were three pa- 
tient groups. First was a group of 30 patients 
with clinically diagnosed Alzheimer's disease 
(16 male, 14 female; age range, 49 to 89 years, 
with a mean age of 67+8 years). Their dis- 
ease was diagnosed according to National 
Institute of Neurological and Communica- 
tive Disorders and Stroke-Alzheimer'’s Dis- 
ease and Related Disorders Association cri- 
teria,” including gradual deterioration of 
memory and intellectual function over a peri- 
~od of at least 2 years, an ischemic score” 
-c below 4, and computed tomographic or mag- 
netic resonance imaging scanning to exclude 
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Fig 1.—Infrared eye movement recordings during the clinical antisaccadic task for a “moving finger” 


target to the right (R) of the subjects midline showing a correct leftward eye movement in the 


direction opposite to that of the moving finger (a) and an incorrect rightward initial eye movement 
toward the moving finger (b) with a subsequent corrective eye movement to the opposite side (c), 
Note also that the latency of response for the correct antisaccade is longer than for the reflexive,’ 


incorrect antisaccade. 


coexisting focal structural disease. All pa- 
tients had severity of dementia assessed by 
the Mini-Mental State examination 
(MMSE).” Where possible (n= 20), a neur- 
opsychometrie test battery was adminis- 
tered, which included the modified Weigl 
Color Form Sorting (CFS) test,” the Digit 
Span Forward subtest of the Wechsler Adult 
Intelligence Seale,” the Memory Quotient of 
the Wechsler Memory Scale,” and the 
Busehke Selective Reminder Test.” 

Second was a group of 10 patients with 
depressive pseudodementia (Diagnostic and 
Statistical Manual of Mental Disorders, Re- 
vised Third Edition [DSM-III-R] criter- 
ia") (six male, four female; age range, 
35 to 84 years) and two with factitious disor- 
der with psychological symptoms (DSM-ITI- 
Reriteria™?”"") (both female). 

Third was a group of five patients with 
Huntingtons disease (four male, one female; 
age range, 18 to 64 years). 

The research protocol was approved by the 
Ethics Committee of the Mental Health Re- 
search Institute of Victoria, Parkville, Aus- 
tralia. Subjects cr their next of kin gave in- 
formed consent after the nature of the 
testing had been fully explained. 


Statistical Analysis 


In general, comparisons between groups 
were performed by analysis of variance with 
post hoc comparisons by Scheffé’s test. Cor- 
relations were performed by the Pearson 
Product-Moment Correlation Coefficient or 
Spearman Rank-Order Correlation, as indi- 
cated. Significance was taken at P<.01 un- 
less otherwise stated. 


RESULTS 
Control Subjects 


In the 15 control subjects where the 
clinical antisaceadic task was recorded 


with infrared oculography, the mean la- 
tency for a correct antisaccade was 
324 + 96 milliseconds, and for an incor- 
rect, reflexive saccade toward the tar- 
get the mean latency was 282 + 159 mil- 
liseconds (Fig 1). By comparison, for the 
laboratory-based task with the same 
subjects, the latency for a correct anti- 
saccade was 336+93 milliseconds and 
for an incorrect reflexive saccade it was 
285+ 109 milliseconds. Infrared oculo- 
graphy also demonstrated that an ex- 
aminer could accurately identify all cor- 
rect and incorrect saccades performed 
during the clinical task. 

For the clinical antisaccadic task, the 
percent error rate was independent of 
subject age above 15 years (r=.122, 
P<.02), and there was no statistical dif- 
ference between the error rates of male 
and female subjects in either the 
healthy volunteer group or the hospital 
inpatient and outpatient group. The re- 
sults for male and female subjects were 
therefore combined across all ages with- 
in each of these two control subject 
groups (Fig 2). The mean percent error 
rate in the hospital control group 
(10.8% + 6.3%) was slightly higher than 
in the healthy volunteer group 
(8.3% + 6.7%), but this difference did 
not reach significance (P = .08). Results 
from both groups were combined to- 
gether (mean, 9.2% + 6.6%), and a 99th 
percentile error score control range was 
defined for the antisaceadic task (Pig 3). 
Scores of 30% or greater were consid- 
ered abnormal. By comparison, for the 
laboratory-based task, the mean per- 
cent error rate was 6.2% + 7.8%. From 
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«the total control population, a subgroup 
(a= 152; age range, 49 to 87 years witha 
-mean age of 65+ 10 years) was also se- 
~ lected that was age matched with the 
“<group with Alzheimer’s disease. For 


«this control subgroup, the mean percent 


: error rate was 10.1% + 6.3%, and scores 
of 30% or greater were also abnormal at 
the 99th percentile. 


Clinical Patient Groups 


Twenty-five (83%) of the 30 patients 
with Alzheimer’s disease had impaired 
performance (230% error rate) in the 
clinical antisaecadic task, and the per- 
cent error rate correlated strongly with 
the severity of dementia present, as 


Antisaccadic Error Rate, % 
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measured by the MMSE score 


(r= — 935, P<.0001; Fig 4, left). All 26 
patients with MMSE scores less than 25 
(abnormal performance defined by age- 
specific norms”) had antisaccadie error 
rates of 30% or greater. There was also 
astrong correlation between the clinical 
antisaccadie error rate and the error 
rate in performing the laboratory anti- 
saccadic task as measured by infrared 
oculography (r= .921, P<.0001; Fig 5). 
In almost all cases, the percent error 
rates from the laboratory-based task 
were higher than those with the clinical 
antisaccadic test. The clinical antisac- 
cadic percent error rate correlated 
strongly with patients’ scores on the 


50 60 70 80 90 


Age, y 


Fig 2.—-Clinical antisaccadic percent error rate for all control subjects over the age of 15 years 
(n= 332), showing no correlation of percent error rate with subject age. 


CFS test G@=~.917, P<.0001; Fig 4, 
right) and had intermediate correla- 
tions with tests. of memory function 
(Memory Quotient, r= - .807, P<.001; 
Selective Reminder Test, r= —.716, ~ 
P=.004) but poor correlation with _ 
scores on the Wechsler Adult Intelli- 
gence Seale Digit Span Forward sub- 
test (r= —.489, P>.05). 

In contrast to patients with Alz- 
heimer’s disease, the antisaccadic error 
rates in patients with depressive pseu- 
dodementia or factitious disorder were 
normal once compliance for testing was 
gained, despite significantly impaired 
global levels of cognitive performance 
(Fig 6). Y 

All five patients with Huntingtons ~ 
disease had increased antisaccadic error 
rates that were slightly higher than 
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Fig 3.—Frequency histogram showing the dis- 
tribution of percent error rates for the. clinical 
antisaccadic test in the control population. The 
error rate control range was 0% to 25%, and an 
error rate above 25% was considered to. be 
abnormal. The vertical broken line. indicates 
mean+2 SDs. 


Fig 4.—Correlation in 30 patients with Alzheimer’s disease between the clinical antisaccadic percent error 
rates and Mini-Mental State examination scores (left) (r= —.935, P<.0001) and Color Form Sorting scores 


(right) (r= —.917, P<.0001). 
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those for patients with Alzheimer's dis- 
ease with similar MMSE scores (Fig 6). 


COMMENT 


The clinical antisaccadic test is simple 

-< toadminister and provides a measure of 

“oculomotor function in patients with 

. Alzheimer’s disease that correlates well 
with the severity of dementia. 

Correct performance of an antisac- 
eadic task requires a subject to suppress 
the reflexive, prepotent tendency to 
look at a newly presented visual stimu- 
lus, but to use the target’s visual infor- 
mation to move the eyes immediately in 
the opposite direction." This re- 
quires the generation of both excitatory 
and inhibitory oculomotor signals, as 

< well as utilizing representational memo- 
. ryofwhatthe target means, rather than 
using the direct stimulation that is im- 
mediately present in the target.” In 
monkeys, the control of such voluntary, 
purposive saccades is probably depen- 
dent on the interaction of a variety of 
regions in the frontal cortex,” including 
the areas of the frontal eye fields 
(FEFs)"” and principal sulcus” in the 
dorsolateral prefrontal cortex, and the 
supplementary eye field region in the 
dorsomedial frontal cortex.” The pre- 
frontal cortex may issue both facilita- 
x tory. and inhibitory motor commands 
that could accomplish the dual task of 
~ commanding the correct response while 
. disallowing or inhibiting the incorrect 
one. “"* For example, the FEF provides 
both direct targeting signals to the su- 
perior colliculus, as well as foveally re- 
sponsive signals, which may trigger or 
suppress collicular saccades.” In addi- 





100 
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tion, the FEF may influence the sub- 
stantia nigra, via an FEF-—caudate nu- 
cleus pathway." The FEF projects 
to the head of the caudate, which con- 
tains a presaccadic signal similar in 
quantity but reversed in sign from that 
of the substantia nigra. This frontal- 
caudate signal may inhibit the substan- 
tia nigra and result in release of the 
tonic nigral suppression of the superior 
colliculus.” Similarly, the supplemen- 
tary eye field of the dorsomedial frontal 
cortex provides longer-latency saccadic 
signals to the superior colliculus related 
to goal-directed and self-initiated sac- 
cades.” These pathways from the fron- 
tal cortex and basal ganglia to the supe- 
rior colliculus control the generation of 
volitional, visually guided eye move- 
ments"" and may help to suppress 
reflexive glances toward visual stimuli 
by inhibiting the superior colliculus.” 

Impaired antisaccadic performance is 
usually attributed to lesions that in- 
volve these pathways.**" A promi- 
nent feature in subjects with frontal 
lobe lesions is distractibility due to ex- 
cessive dependence on, or sensitivity 
to, external cues. ™™” In the antisac- 
cadic task, this is demonstrated by an 
inability to suppress forbidden, reflex- 
ive eye movements toward each newly 
presented target. In addition, subjects 
with frontal lobe lesions have difficulty 
using the representational information 
from the initial target to move the eye 
correctly in the opposite direction,” and 
often the correct eye movement is only 
triggered ifa seeond cue is subsequently 
provided to indicate the correct, ex- 
pected eye position.“ 
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As in the laboratory-based antisac- 
cadic paradigm, the clinical antisaccadie _ 
task described herein also provides an 
initial target (moving finger) with which 
to assess the ability to suppress incor- 
rect reflexive saccades (distractibility). — 
The clinical task does differ slightly 


from the laboratory task in that the sec- 
ondary cue for the correct location for 


the antisaccadic eye movement (the op- 
posite, nonmoving finger) is continually __ 
present. However, for our 15 control 
subjects, performance in both the clini- 


cal and laboratory tests was similar. 


Our results using the clinical antisac- 


cadic test are also in close agreement. 


with previously reported results from a 
paras. 


laboratory _antisaccadie 
digms.**"*""" For control subjects, thes 
clinical test error rates (0% to 25%) and on 


latencies for both correct (324 millisee- 


onds) and incorrect (282 milliseconds) 


antisaccadic responses accord well with 
those reported previously for laborato- 
ry control subjects (error rates, 5% to 
20%"; correct antisaccadie latencies, 
250 to 364 milliseconds*"; latencies for 
incorrect saccades, 219 to 311 millisec- 
onds*™). As with laboratory paradigms, 
the latency for correct clinical antisac- 
cades was longer than for incorrect (re- 
flexive) initial eye movements” (Fig 1). 
Patients with Alzheimer’s disease 
performing the clinical antisaccadic test 
showed difficulty both in suppressing 
incorrect responses and in generating 
correct responses in the opposite direc- 
tion. In these patients, the strong corre- 
lation of clinical error rates with labora- 


tory error rates (Fig 5) also supports the : 


validity of the clinical paradigm. How- 





25 30 











Laboratory Antisaccadic Error Rate, % 


Fig 5.—Correlation in 15 patients with Alzheimer's disease between the 
percent error rates in the clinical antisaccadic task and percent error 
rates in a laboratory-based antisaccadic task performed on the same 
day. The dotted line represents the ideal regression if the error rates in 
“the two tasks were equal, and the solid line is the linear regression for the 
actual error values obtained. The laboratory-based task has higher 
percent error rates than the clinical test in almost all cases (values lying 
‘below the dotted line) and is therefore likely to be a more sensitive test 
(r= 921, P-<,0001). 
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Mini-Mental State Examination Score 


Fig 6.—Correlation of clinical antisaccadic percent error rates and Mini- 
Mental State examination scores in 12 patients with depressive pseudo- 
dementia (solid circles) and five patients with Huntington's disease (open 
squares), illustrated in relation to the linear regression line for percent 
error rates in patients with Alzheimer’s disease from Fig 4, left. In 
general, error rates in patients with Huntington's disease are higher and 
in patients with pseudodementia are lower than in patients with Alz- 
heimer'’s disease. 
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ever, the higher laboratory error rates 
in patients with Alzheimer’s disease 
suggest that laboratory techniques are 
still more sensitive than clinical exami- 
nation.” In Alzheimer’s disease, the er- 
ror rates for the clinical antisaccadic 
test correlated strongly with the sever- 
ity of dementia present (Fig 4, left). 
Fletcher and Sharpe’ have previously 
reported decreased ability to make anti- 
saccades in patients with Alzheimer’s 
disease but did not comment on any cor- 
relation of error rate with disease sever- 
ity. Our findings suggest that the clini- 
cal antisaccadic test may be useful in the 
clinical assessment of dementia in Alz- 
heimer’s disease and in monitoring dis- 
ease progression. The striking differ- 
ence in error rates between patients 
with Alzheimer’s disease and those with 
depressive pseudodementia functioning 
at comparable levels, as measured by 
MMSE scores (Fig 6), suggests that the 
test may also be useful in distinguishing 
between these two conditions. 

Guitton et al’ have demonstrated 
that frontal lobe lesions give rise to diffi- 
culties In generating antisaccades. In 
Alzheimer’s disease, Fletcher and 
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Sharpe? have also attributed antisac- 
cadic abnormalities to neuronal degen- 
eration in the frontal cortex. The CFS is 
a test that particularly relies on frontal 
lobe funetion.™™=" In our patients 
with Alzheimer’s disease, there was a 
strong correlation of antisaccadic error 
rates with performance in the CFS test 
(Fig 4, right), but not with Digit Span 
Forward. Digit Span Forward is pri- 
marily a measure of the efficiency of 
attention and is relatively resistant to 
the effects of dementia but may be influ- 
enced by factors such as anxiety." 
These findings support the conclusion 
that frontal lobe damage may be con- 
tributing to impaired antisaccadic per- 
formance in patients with Alzheimer’s 
disease. 

Saceadic distractibility and poor anti- 
saccadic performance have also been re- 
ported in patients with Huntington’s 
disease’ and progressive supranuclear 
palsy,’ which may reflect abnormalities 
of basal ganglia function rather than 
frontal lobe function. In our patients 
with Huntington's disease, the antisac- 
cadic error rates were higher than those 
in patients with Alzheimer’s disease 
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with comparable MMSE scores (Fig 6). 
Lasker et al’ reported a similarly high 
antisaccadic error rate (mean, 60%) in 
patients with mild Huntington’s dis- 
ease, and no patients made fewer than 
20% errors. These findings may reflect 
the important role that the basal ganglia 
and other subcortical structures play in 
the initiation of voluntary saccades and 
maintenance of fixation. 

The antisaccadic test that we have 
described appears to be a valid clinical 
analog of the more sophisticated labora- 
tory-based antisaccadic paradigms. Er- 
ror rates in this clinical test correlate 
well with the severity of dementia in 
Alzheimer’s disease and may have some 
specificity for frontal lobe dysfunction. 
Although the abnormalities that are de- 
tected with this clinical antisaccadic test 
are not necessarily specific for any sin- 
gle disease, we believe that the test pro- 
vides a simple, robust, and inexpensive 
quantitative clinical tool that will be of 
value in the assessment of disturbances 
of higher cortical function. 
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History of Neurology 


_ Literary Neurologic Syndromes 


-Alice in Wonderland 
Loren A. Rolak, MD 


+ Many neurologic syndromes are named 
for literary characters. For example, the “Al- 
ice in Wonderland” syndrome of altered 
-i body perceptions, usually caused by mi- 
grainous ischemia, is so called because of 


. the resemblance of its symptoms to the fluc- 


. tuations in size and shape that plague the 
_ main character in Lewis Carroll's 1865 novel 
-Alice in Wonderland. The medical symptoms 
. of distorted body Images match the literary 
description so precisely that illustrations 
«from the original book depict them very accu- 
rately. Because Lewis Carroll suffered from 
classic migraine headaches, scholars. have 
speculated that he may have experienced 
this syndrome himself. 

{Arch Neurol. 1991 ;48:649-651) 





he “Alice in Wonderland” syndrome 
refers to distortions of body image, 
usually in the setting of classic migraine 
headaches. Todd' gave the syndrome its 
“literary name in his report in the No- 
“vember 1, 1955, issue of the Canadian 
_ Medical Association Journal, describ- 
-ing “a singular group of symptoms inti- 
mately associated with migraine and 
epilepsy.” However, the first descrip- 
tion of the condition was by Lippman’ in 
the Journal of Nervous and Mental 
Diseases in 1952. 

In his report, titled “Certain Halluci- 
nations Peculiar to Migraine,” Lipp- 
man’ described seven patients with mi- 
graine headaches who described altered 
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perceptions of their body image. Often, 
these appeared as migraine equiva- 
lents, in which the hallucinations consti- 
tuted the entire attack; there was no 
accompanying headache, scotoma, nau- 
sea, or any other physical symptom to 
lend credence to these bizarre distor- 
tions. Lippman used direct quotations 
from his patients to emphasize the pecu- 
har alterations of bodily perception that 
constitute this syndrome. His patient 2 
had the sensation of her left ear “bal- 
looning out 6 inches or more.” His pa- 
tient 3 described the following: 


I felt that I was very tall. When walking 
down the street, I would think I would be 
able to look down on the tops of others’ heads, 
and it was very frightening and annoying not 
to see as I was feeling. The sensation was so 
real that when I would see myself in a win- 
dow or full-length mirror, it was quite a 
shock to realize that I was still my normal 
height of under 5 feet. 


Lippman’s patient 7 described his sen- 
sations as follows: “The body is as if 
someone had drawn a vertical line sepa- 
rating two halves. The right half seems 
to be twice the size of the left half.” 
Victims were aware of the illusory na- 
ture of their perceptions but were some- 
times reluctant to admit to them for fear 
of being thought insane. 

Some of these patients also had dis- 
tortions of time sense, such as “I felt as if 
I was going fast,” and “I felt as if every- 
one was talking too fast and moving too 
fast.” The patients’ ages ranged from 11 
to 72 years, although the syndrome, like 
migraine, appears to be more common 
in young people, even children. Al- 
though a variety of causes, including 
viral encephalitis’ and epilepsy,’ subse- 
quently have been reported for the Al- 


ice in Wonderland syndrome, it is al- 
most pathognomonic of migraine.‘ 


This sensation of formed body distor- aS 


tions, a type of metamorphopsia, proba- 
bly results from migrainous ischemia, 
Different authors analyzing this syn- 
drome have come to different conclu- 
sions about its localization, some assert- 
ing that the pathology affects. the 
anterior occipital lobe, while others im- 
plicate the posterior temporal lobe. 
Most, however, believe that the symp- 
toms arise in the posterior parietal lobe, 
especially from the nondominant hemi- 
sphere.”* 

The name of the syndrome comes 
from the book most people know as Al- 
ice in Wonderland,’ although its actual 
title is Alices Adventures in Wonder- 
land, often printed with its companion 


piece Through the Looking-Glass and a 


What Alice Found There. The story was 
published in 1865 by Charles Lutwidge 
Dodgson, under the pseudonym Lewis 
Carroll. Dodgson was an English gen- 
tleman who attended Rugby and Oxford 
University, where he became a profes- 
sor of mathematics, specializing in Eu- 


clidean geometry. He was considered a 


first-class mathematician, and, indeed, - 


his fictional works, such as Alice in — 


Wonderland, have been analyzed from ` 
the standpoint of mathematical theory." 
In fact, the action in the book corre- 
sponds to a real and complex chess 
game, with the adventures and move- 
ments of Alice, the Red Queen, the- 
White Knight, and other characters 
representing actual moves on a chess- 
board (Fig 1). 

An episode of changing height-is one 
of the most famous scenes in the book. 
Atone point, Alice findsabottlemarked 
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). to K. R's 4th. 
Q. to Q. B's 4th 
| (by railway) fter shawl) 
to Q's 4th oe 
(Tweedledum and 
‘Tiweedledee) Ses 
< Alice meets W. i. W. Q. to Q. B's Sth 
{with shawl) = [becomes sheep) 
Alice to.Q's 5th > 4 WQ. 10 K. B's 8th 
` (shop. Fiver, shop) "(leaves egg on shelf) 
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1. Alice takes R. Q & wins 





Fig 1.—The chess problem that is the basis for the actions and Fig 3.—Lippman's patient 6 indicated that “! get all tired out from pulling 
movements of the characters in Alice in Wonderland, as the white pawn my head down from the ceiling. My head feels like a balloon; my neck 
(Alice) advances to capture the red queen (R. Q.) and win the game. Q stretches and my head goes to the ceiling. I've been pulling it down all 
indicates queen; W. Q., white queen; W. Kt., white knight; R. Kt, red night long.” This description matches this original illustration from Alice in 


knight; K. R., king's rook; K. B., kings bishop; Q. B., queen's bishop; and Wonderland. 
K. sq., kings square. 


Fig 2.—Lippmans patient 2 indicated she 
“feels that her body is growing larger and larger 
until it seems to occupy the whole room.” This 
description matches this original illustration 
from Alice in Wonderland. 
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Fig 4.—A photograph by Charles Dodgson (pseudonym, Lewis Carroll) of the Liddell sisters. From 
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left to right, Alice (the heroine of the books), Lorina, and Edith. 


“Drink Me,” which she does, causing 
her to shrink. Soon after, she eats a 
piece of cake marked “Eat me” and be- 
gins to grow. Alice’s size continues to 
fluctuate through a series of adventures 
-with the Mad Hatter, the Cheshire Cat, 
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the Walrus, the Carpenter, and other 
characters. Figures 2 and 3 are repro- 
ductions of the original drawings by Sir 
John Tenniel for the first edition of Alice 
in Wonderland in 1865, illustrating 
some of these body distortions. The fig- 
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ure legends are exact quotes from the 
patients in Lippman’s original article, 
juxtaposed with the illustrations: to. 
show how perfectly the medical syn- 
drome he described fits the literary: 
source. ; 

Dodgson knew many men from up- 
per-class Victorian society, including 
many physicians. His interests in medi- 
cal matters and in children joined in his 
will, in which he left a provision, still 
maintained today, for perpetual endow- 
ment of a bed in The Children’s Hospi- 
tal, London, England. His enjoyment of 
children prompted him to write books 
for them, and “Alice” in Wonderland 
was a real person—Alice Liddell, the 
daughter of his dean at Oxford Univer- 
sity (Fig 4). 

We know that Dodgson suffered from 
classic migraine headaches, which he 
described as “bilious headaches,” pre- 
ceded by eye disturbances and fortifica- 
tion scotomas. Although his diaries do 
not mention headaches until many years 
after the Alice in Wonderland books . 
were published and never relate any 
body image hallucinations,’ some au- ` 
thors speculate that Dodgson may have’ 
experienced body distortions as a fea- 
ture of his own migraines and that “Al- 
ice trod the paths of a wonderland well 
known to her creator.” 
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Central Nervous System Germinomas 


A Review 


Michael Bruce Horowitz, MD, Walter A. Hall, MD 


e The germinoma represents a less malig- 
nant form of germ cell tumor. Depending on 
the individual's age, this neoplasm consti- 
tutes approximately 0.1% to 3.4% of all intra- 
cranial tumors. The embryologic origin re- 
: mains a mystery; however, current theories 

-implicate an aberration in primordial germ 

celi migration. Clinical presentation depends 
on tumor location and may involve endo- 
> crine, hypothalamic, visual, and cognitive 
dysfunction. In evaluating midline intracere- 
bral masses, it is imperative that one be 
aware of the various radiologic appearances, 
endocrinologic changes, and chemical 
markers that help to distinguish germinomas 
from other neoplasms that appear in the 
pineal, supraseliar, and periventricular re- 
gions. Only through the careful evaluation of 
all available studies can the physician insti- 
tute appropriate therapies such as biopsy, 
radiation, and chemotherapy. This article fo- 
cuses on the epidemiology, embryology, 
clinical presentation, means of diagnosis, 
treatment, and outcome of this rare 
neoplasm. 

(Arch Neurol. 1991;48:652-657) 


Thre germ cell tumor, a rare finding in 

the neuraxis, represents a neo- 
plasm that, if properly diagnosed and 
managed, can be eradicated or con- 
trolled in the adult and pediatric popula- 
tions.'” Under this broad category, in 
order of frequency of appearance in the 
central nervous system in all age 
groups, lie the subcategories of germi- 
noma (40%); mixed tumor (80%); terato- 
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ma (20%); and yolk sac tumor, embryo- 
nal carcinoma, and choriocarcinoma 
(10%).* These neoplasms most often in- 
volve the reproductive organs but may 
also appear in extragonadal sites such as 
the sacrococcygeal region, intracranial 
region, abdomen,  retroperitoneum, 
thoracic cavity, pharynx, neck, thyroid, 
spinal cord, meninges, bladder, pros- 
tate, and soft tissues of the occipital 
region. Germ cell tumors arising within 
the ovary rarely occur before the fifth 
year of life. In contrast, testicular germ 
cell tumors are frequently found before 
the fifth year of life and present as a 
painless mass with an associated hydro- 
cele. Pure germinomas are rare in chil- 
dren younger than 5 years.’ 

Pure germ line tumors are called ger- 
minomas. Differentiated germ cell tu- 
mors may be divided into embryonic 
(embryonal carcinoma and mature or 
immature teratoma) and extraem- 
bryonic (choriocarcinoma and yolk sac 
or endodermal sinus tumors) growths. 
When organized according to increasing 
malignant potential, these tumors are 
germinoma, teratoma, embryonal carci- 
noma, embryonal sinus tumor, and cho- 
riocarcinoma.* Each tumor represents 
the malignant correlate of a normal 
stage of embryonic development.’ Ger- 
minomas arise from the primordial 
germ cell; teratomas arise from the dif- 
ferentiated embryonic cell layers; em- 
bryonal carcinoma develops from a plur- 
ipotential cell of the embryo proper; 
endodermal sinus tumors represent tis- 
sue from extraembryonic yolk sac endo- 
derm; and choriocarcinoma arises from 
extraembryonic trophoblastic tissue.’ 
This article focuses on the epidemiclo- 
gy, embryology, clinical presentation, 
means of diagnosis, treatment, and out- 


come of a rare treatable neoplasm, the 
germinoma. 


EPIDEMIOLOGY 


The incidence of germinomas varies 
among Asia, Europe, and the Western 
Hemisphere. Depending on an individ- 
ual’s age, germinomas constitute 0.1% 
to3.4% of all intracranial tumors.'”* The 
Armed Forces Institute of Pathology 
reported that germ cell tumors repre- 
sented 1.8% of primary intracranial tu- 
mors in individuals younger than 20 
years, and germinomas represented 
16.7% of these tumors.” Other reports 
indicate that germ cell tumors repre- 
sent 6.5% of intracranial tumors seen 
during the first two decades of life.’ 
Studies evaluating individuals of all 
ages, however, have shown germino- 
mas to represent up to 65% of intracra- 
nial germ cell tumors.” The incidence of 
germ cell tumors in Japan far exceeds 
that found in other nations. A review of 
20 192 brain tumors in Japan between 
1969 and 1978 revealed 435 germinomas 
(2.7%) in all age groups, 184 of which 
were in children (7.8% of primary pedi- 
atric brain tumors).’ Other series report 
that 0.3% to 9.4% of intracranial neo- 
plasms in Japan are germinomas.”* Just: 
as it appears that there is a predilection. 
for race, there also seems to be a ten- 
deney for these tumors to develop in 
males. Germ cell tumors have a male- 
female ratio of 2.24:1,. while germino- 
mas have a male-female distribution of 
1.88:1.° 


EMBRYOLOGY 


Germ cell tumors arise because of 
neoplastic changes during embryonic 


development. Intracranial germ cell tu- 
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mors occur in the pineal region, supra- 
sellar-retrochiasmal area, pituitary 
fossa, posterior third ventricle, interpe- 
duncular and quadrigeminal plate re- 
gion, cerebellar vermis, thalamus, and 
‘walls of the lateral and third ventricles.’ 
= How these neoplasms come to develop 
‘inthe various intracranial sites is not 
known. 

Mature male and female germ cells 
are derived from primordial germ cells 
that appear in the yolk sac wall at the 
end of the third week of development.’ 
The development and migration of 
these cells has been studied in a variety 
of organisms. In ascarides and in in- 
sects, at the point of the first egg divi- 

sion, long V-shaped chromosomes are 
found in blastomeres giving rise to germ 
«cells. Blastomeres destined to become 
somatic cells contain fragmented ver- 
sions of these chromosomes. In birds 
and reptiles, primordial germ cells are 
located in the extraembryonic blasto- 
derm. These cells migrate into spaces 
between endoderm and mesoderm, pen- 
etrate blood vessels of the area vascu- 
losa, and eventually reach the germinal 
ridges. Cells that stray during migra- 
tion later degenerate." In man, the 
origin of primordial germ cells in the 
embryo has not been studied. These 
cells are located in the endodermal epi- 
’ thelium of the yolk sac near the allantoic 
«stalk. From here, cells migrate into the 
adjoining mesenchyme and eventually 
settle in the germinal ridges.” 

Primitive germ cells arise from endo- 
derm, migrate into adjacent mesoderm, 
stimulate blood vessel formation, and 
disseminate throughout the embryo.* 
Work performed in birds and reptiles 
has led to the idea that intracranial ger- 
minomas develop secondary to circula- 
tory dispersion of cells in the embryo. 
An alternative theory, proposing that 
intracranial germinomas arise from 
Misplaced multipotential fragments of 
the. embryonic primitive streak, was 
“supported by the close proximity of the 
-most rostral portion of the primitive 
streak to the pineal anlage.**" Hypo- 
thalamic and retrochiasmal tumors are 
not explained by this theory. Jennings 
et al’ stated that the appearance of the 
ventral hypothalamus at 35 to 38 days 
coincided with the major migration 
phase of human germ cells. The pres- 
ence of germ cell tumors in diencephalic 
loci suggested that local ontogenic, syn- 
aptic, and functional interrelationships 
may exist between the developing dien- 
cephalic structures, the pineal gland, 
_ the suprasellar region, and germ cells.’ 


CLINICAL PRESENTATION 


Signs and symptoms associated with 
- germinomas most commonly include di- 
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abetes insipidus (41%), visual field de- 
fects (83%), and hypothalamic/pituitary 
dysfunction (33%). Pituitary/hypotha- 
lamic abnormalities include delay or re- 
gression of sexual development (16%); 
hypopituitarism (16%); growth failure 
(9%); precocious puberty (5%); fluctua- 
tions in blood pressure, heart rate, res- 
piration, and temperature; gastric mo- 
tility; and alterations in memory, mood, 
appetite, and emotional behavior. Addi- 
tional clinical features associated with 
germinomas are hydrocephalus (21%), 
obtundation (15%), Parinaud’s syn- 
drome (14%), pyramidal tract signs 
(14%), ataxia (9%), diplopia (10%), sei- 
zures (3%), choreoathetosis (2%), de- 
mentia (2%), and psychosis (1%).”* Pine- 
al region tumors generally present first 
with Parinaud’s syndrome and hydro- 
cephalus, while suprasellar tumors pre- 
sent with endocrinopathy, visual loss, 
and diabetes insipidus. * 

Germinomas disseminate from the 
suprasellar and pineal regions by direct 
infiltration or spread along cerebrospi- 
nal fluid pathways.’ Distant sites of 
spread include the cavernous sinus,” 
hypothalamus,”” thalamus,”"*" basal 
ganglia,” septum pellucidum,” ven- 
tricular system near the foramen of 
Monro and the trigone of the lateral ven- 
tricle,” parietal region,” cerebellar ver- 
mis,” frontal lobe,” and paraventricular 
region.” Cavernous sinus involvement” 
presents with headache, decreased vi- 
sual acuity, third nerve palsy, orbital 
pain, complete ophthalmoplegia, and fa- 
cial numbness. Coffey” described a 24- 
year-old woman with a hypothalamic 
germinoma who had anterograde and 
retrograde amnesia, hyperphagia, visu- 
al obscurations, headache, and normal 
endocrine function. Damage to the for- 
nix, mamillcthalamie tracts, and ven- 
tromedial thalamus was presumably re- 
sponsible for the patient’s symptoms. 

Ono et al” described eight patients 
with germinomas of the thalamus and 
basal ganglia (third most common site of 
occurrence). These patients presented 
with hemiparesis (100%), mental distur- 
bance (63%), increased intracranial 
pressure (38%), and progressive dys- 
tonia with involuntary movements 
(25%). Tumor affecting the cerebellum 
can cause dizziness, tinnitus, and gait 
abnormality.” 

The endocrinologie presentation and 
evaluation of germinomas is an interest- 
ing and important topic. With proper 
diagnostic testing and institution of ap- 
propriate treatment, the patient can be 
returned to normal hormonal balance. 
Multiple endocrine abnormalities may 
develop as a consequence of tumor infil- 
tration. Because of this infiltration, ger- 
minomas have a greater incidence of 









endocrinopathy than do cranio- 
pharyngiomas." Diabetes insipidus = 
with polyuria and polydipsia occurs in 
93% of suprasellar germinomas and in = — 
41% of germinomas, regardless of loca- 
tion.’ Growth hormone release is im- 
paired earlier than gonadotropin re- 
lease. Low levels of luteinizing hormone 
and follicle-stimulating hormone and. 
poor response to luteinizing hormone~ 
releasing hormone have been seen... 
Thyroid-stimulating hormone and adre- 
nocortical hormone are less frequently 
affected. Some studies have shown de- > 
layed and/or exaggerated plasma thy- ~ 
roid-stimulating hormone response to- 
thyroid-releasing hormone. In these pa- 
tients, despite an elevated level of thy- 
roid-stimulating hormone, a hypothy- 

roid state often exists because the 
thyroid-stimulating hormone is biologi- 
cally less active.” For unknown. rea- 
sons, adrenocortical hormone response 
to exogenous corticotropin-releasing 
factor is often delayed in persons with 
hypothalamic germinomas.” Growth. 
hormone release in response to exoge- 
nous gonadotropin-releasing factor is 
another indicator of hypothalamic inva- 
sion." With hypothalamic destruction 
or interruption of the hypothalamic-pi- 
tuitary axis, prolactin secretion is in- 
creased. Despite an increase in prolac- 
tin, galactorrhea may not be seen with 
hypothalamic destruction due to an ab- 
sence of sex hormones crucial for milk 
production, ** 

Germinomas may have their course 
complicated by other extracranial mani- 
festations such as genetic abnormalities 
and metastases. Two genetic diseases 
seen with germinoma are Klinefelter’s 
syndrome and de Langes syndrome. 
Klinefelter’s syndrome, originally de- 
scribed in 1942, affects 0.6% of live male 
neonates and is characterized by gyne- 
comastia, small atrophic testicles, ab- 
sent spermatogenesis, high urinary ex- 
cretion of gonadotropins, and eunuchoid 
habitus." This syndrome has a high as- 
sociation with breast cancer, lympho- 
ma, leukemia, transitional cell carcino- 
ma of the bladder, and prostatic cancer 
and was first associated with extrago- 
nadal germ cell tumors in 1972. Germi- 
noma and choriocarecinoma have both 
been associated with Klinefelter’s syn- 
drome. An alteration in gonadal ridge 
differentiation leading to malinduction 
and dyssynchronization of migration of 
primordial germ cells may explain the 
association between these maladies.”” 
De Lange’s syndrome was first de- 
scribed in 1933 in two infants with men- 
tal retardation, delayed growth and de- 
velopment, short stature, low body 
weight, bushy eyebrows fused at the 
midline, long upturned eyelashes, small 
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nose with a low bridge, anteverted nos- 
trils, erescent-shaped mouth, hirsut- 
ism, hypoplastic nipples and umbilicus, 
proximally implanted thumbs, bilateral 
simian creases, flexion contractions of 
the elbows, and decreased quantity of 
pubic hair.” 

Although intracranial germinomas 
rarely spread outside the central ner- 
vous system, there have been reported 
cases of distal metastases, mostly from 
pineal lesions.” Because pineal metasta- 
ses predominate, extracranial metasta- 
ses from a suprasellar germinoma 
should suggest that the original tumor 
contained foci of more malignant germ 
cell elements.” Metastatic sites include 
lung, kidney, bladder, mediastinum, 
paratracheal lymph nodes, breast, peri- 
toneum, bone, skin, stomach, small 
bowel, mesentery, and diaphragm.” 
Although peritoneal, pulmonary, and 
cardiac metastases have been reported 
in patients without spinal fluid shunting 
devices, they have been speculated to 
occur in patients with such systems as a 
result of seeding from the central ner- 
vous system cavity. °°" 


DIAGNOSIS 
Radiologic Evaluation 


When the findings of the neurologic 
examination are abnormal, computed 
tomography or magnetic resonance im- 
aging is usually the first diagnostic test 
that is performed. Ganti et al” evaluat- 
ed 16 pineal germinomas by computed 
tomography and found that 94% percent 
were denser than brain on unenhanced 
computed tomographic scan, 88% 
showed moderate to marked contrast 
enhancement, 38% showed prominent 
and slightly enlarged pineal calcifica- 
tion, 63% showed parenchymal calcifi- 
cation with a coarse nodular pattern, 
and 32% showed meningeal and ependy- 
mal seeding. Kageyama et al” describe 
three types of pineal calcifications. 
Type 1 involves tumor within and 
around the calcified pineal body. There 
is no capsule between the mass and the 
surrounding brain. Type 2 represents 
several calcified areas that, following 
radiotherapy, form a single mass. This 
lesion most likely represents encapsu- 
lated tumor growing within the pineal 
body. Type 3 calcifications appear after 
radiotherapy. Their pathogenesis re- 
mains uncertain; however, they most 
likely represent intrapineal tumor. 
Abu-Yousef and Hitchon,” in three pa- 
tients with germinoma, found no evi- 
dence of abnormal calcification. Other 
studies have emphasized the oecasional 
presence of hemorrhage.” 

While moderate inhomogeneous en- 
hancement after administration of con- 
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Fig 1.—A, Nonenhanced computed tomographic image of a pineal region germinoma (General 
Electric Model 9800). Notice increased density in relation to surrounding brain tissue and the 
presence of intratumoral cysts. B, Contrast-enhanced computed tomographic scan (Isovue 300, 
Squibb Diagnostics, New Brunswick, NJ). 


trast is possible, nonhomogeneous en- 
hancement should suggest another type 
of lesion.“ An irregular border may 
represent infiltration.” In contrast to 
germinomas, teratomas are sharply de- 
mareated from the surrounding brain, 
contain fat, have no significant contrast 
enhancement, may be cystic, and exhib- 
it linear and nodular calcific deposits on 
computed tomograms.” Cysts may also 
be found with germinomas and are 
thought to represent proteinaceous flu- 
id or liquified necrosis (Fig 1). Embry- 
onal cell carcinoma and choriocarcinoma 
are hyperdense before contrast admin- 
istration, enhance markedly, and exhib- 
it no abnormal pineal or parenchymal 
calcification.” 

Basal ganglia and thalamic germino- 
mas may be associated with ipsilateral 
cerebral hemiatrophy."” Wallerian de- 
generation secondary to the destruction 
of subcortical structures may be respon- 
sible for this wasting.“ Chang et al” 
state that germinomas in the basal gan- 
glia and thalamus are irregular and 
demonstrate intratumoral cysts and 
calcification. 

Magnetic resonance imaging repre- 
sents another method of evaluation. On 
both long and short repetition time spin 
echo series in four patients reviewed by 
Kilgore et al,” the signal from germino- 
mas was isodense in comparison with 
normal brain. The tumor can displace 
cerebrospinal fluid (CSF) and adjacent 
structures such as the quadrigeminal 
plate, sylvian aqueduct, and posterior 
third ventricle.” Germ cell tumors with 
embryonal cell elements had long T,- 


and T,-weighted signals.” Magnetic res- 
onance imaging offers the advantage of 
easily acquiring images in the coronal 
and sagittal planes. The disadvantage is 
the inability to image calcium. 


Markers 


Cerebrospinal fluid examination for 
cytologic and marker studies is useful in 
the evaluation of a patient. with a sus- 
pected germ cell tumor if samples can be 
obtained without precipitating hernia- 
tion. Elevated levels of human chorionic 
gonadotropin (HCG) and a-fetoprotein 
(AFP) are more closely correlated with 
malignant germ cell tumors such as em- 
bryonal carcinoma, endodermal sinus 
tumors (yolk sac tumors), and chorio- 
carcinoma, ™" with HCG and AFP ele- 
vated in the former two and HCG alone 
elevated in the latter. The level of HCG 
is only occasionally elevated with ger- 
minomas, while the level of AFP is rare- 
ly elevated. a-Fetoprotein is usually 
more specific for highly malignant neo- 
plasms, and HCG is associated with 
more benign neoplasms, although it can 
be produced by the most malignant 
masses. Recently, it has been proposed 
that absolute levels of AFP should not 
be used, but rather an AFP index caleu- 
lated as (CSF/serum AF PV(CSF/serum 
albumin), with a value greater than 1.42 
indicating local synthesis of AFP in the 
central nervous system."' When pres- 
ent, markers are a useful indicator of 
tissue type; however, CSF marker lev- 
els are not elevated in 10% to 20% of the 
more malignant germ cell tumors.” 
Measurement of AFP is often unreliable 
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(1) because there is cross-reactivity of 
the assay with other CSF proteins, (2) 
because there is evidence that three 
types of human AFP exist (one of which 
-may be a normal CSF component), and 
(8) because many normal individuals 
and individuals with nonmalignant con- 
ditions have elevated levels of AFP.” In 
addition to helping the physician diag- 
nostically, marker levels can be used to 
evaluate the effectiveness of treatment. 
Anecdotal reports state that a lack of 
return of markers to normal levels after 
treatment indicates a poor prognosis.“ 
Markers other than AFP and HCG 
have recently been associated with ger- 
minomas. The level of angiotensin 
I-converting enzyme was elevated in 
“the plasma of one patient with a supra- 
sellar germinoma who did not have sar- 
coid, granulomatous disease, hyper- 
thyroidism, or diabetes, diseases com- 
monly associated with elevated levels of 
this enzyme. Angiotensin I-converting 
enzyme was also found in tumor cells 
obtained by biopsy.” Interestingly, an 
isomeric form of kidney and lung angio- 
tensin I-converting enzyme is present 
in normal testes and sperm. Another 
marker, placental alkaline phosphatase 
was recently found to be asscciated with 
germinoma.”” In the past, elevated lev- 
els of this enzyme were associated with 
“pregnancy, testicular seminoma, and 
, ovarian, lung, breast, pancreatic, and 
adrenal cancers.*” Shinoda et al” found 
levels of serum placental alkaline phos- 
phatase that were less than 0.2 [U/mL 
in patients with teratoma, metastatic 
choriocarcinoma from the testis, glio- 
ma, meningioma and acoustic neurile- 
moma. Three patients with germinoma 
had serum levels ranging from 0.52 to 
3.78 IU/L, and two had elevated CSF 
values of 0.83 and 9.83 IU/L (normal, 
<0.20 IU/L in serum and <0.11 IU/L in 
CSF). Melatonin has been studied in 
patients with pineal region tumors. 
Low melatonin levels are associated 
`: with pineal destruction, and high levels 
suggest the presence of a melatonin- 
secreting neoplasm. An increase in mel- 
atonin has been seen with germinoma., 
Some argue that such eleva ation i is a con- 
sequence of laboratory error.” 


HISTOPATHOLOGIC EXAMINATION 


Germinomas characteristically infil- 
trate locally and spread by dissemina- 
tion through the craniospinal and sub- 
arachnoid spaces. Parenchymal metas- 
tases and extradural spread are rare.” 
Grossly, solid tumor tissue can be soft 
and purplish-gray. 

Microscopically, these tumors consist 
of large polygonal cells surrounded by 
fibrous connective tissue. Lymphocytic 
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Fig 2.—Microscopic image of a germinoma demonstrating two cell populations. The first consists of 
large cells with well-defined cell borders, large nuclei, and prominent nucleoli. The second consists 
of small, round tumor-infiltrating lymphocytes. Occasional mitoses can be seen (hematoxylin-eosin, 


x 250). 


infiltration is most prominent around 
blood vessels. Cells tend to organize in 
sheets and lobules and are character- 
ized by large round or oval vesicular 
nuclei, prominent irregular nucleoli, 
pale ill-defined cytoplasm, rich stores of 
glycogen, and coarse or fine granular 





chromatin. ” ` Mitotic figures can 
be present (Fig 2),7*" 
Ultrastructurally, germinomas dis- 


play scanty cytoplasm, few organelles, 
and abundant glycogen. The cytoplasm 
contains poorly developed Golgi com- 
plexes, distorted and aggregated mito- 
chondria, and moderately developed 
rough and smooth endoplasmic reticu- 
lum. Cell membranes are occasionally 
fused by desmosomes or tight junc- 
tions.” An additional interesting find- 
ing is that of intranuclear membranes, 
structures adjacent to electron-lucent 
spaces measuring 20 to 100 nm in width 
and 3 um in length. Thick layers of chro- 
matin surround these membranes, 
which are arranged parallel, perpendic- 
ular, or oblique to the nuclear envelope. 
Such structures are sometimes inter- 
rupted at regular intervals and occa- 
sionally are contiguous with the nuclear 
envelope over a 20- to 100-nm distance. 
The significance of these intranuclear 
membranes is unknown, yet a role in 
nucleocytoplasmic material exchange 
has been suggested. They may also be 
invelved with accelerated protein syn- 
thesis or abnormal DNA metabolism.” 
Lymphocytic infiltration of germino- 


mas has been demonstrated by light and 
electron microscopy. Tumor-infiltrat- 
ing lymphocytes have been character- 
ized using monoclonal antibodies. In in- 
tracranial germinomas, 70% to 80% of 
tumor-infiltrating lymphocytes were 
T lymphocytes, and the remainder were 
B lymphocytes. Cytotoxie/suppressor 
and helper/inducer T-cell types were in- 
termingled.” Cravioto and Dart“ and 
Hassoun et al“ have speculated on the 
significance of lymphocytes within a tu- 
mor, They believe that the activity of 
tumor-infiltrating lymphocytes may 
represent a host immunologic response 
to tumor antigens. 


TREATMENT 


Past surgical treatment of germino- 
mas by open biopsy or resection was 
fraught with danger, especially prior to 
the advent of microsurgical technique. 
The 30% to 70% morbidity associated 
with biopsy prompted Torkildsen in 
1948 to propose empiric shunting and 
irradiation for suspicious lesions.” More 
recently, neurosurgeons have relied on 
other modes of therapy to diagnose and 
manage this type of germ cell tumor. 

Computed tomographic-guided ster- 
eotaxis is now an accepted method for 
obtaining diagnostic tissue. This proce- 
dure can provide a sample within 1 to 
3mm ofa desired target. However, be- 
cause the average sample size is 2 to 
4 mm in greatest diameter, sampling 
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error can occur when a heterogeneous 
tumor is encountered.” Nevertheless, 
stereotactic surgery, with a 0% to 0.5% 
morbidity, provides a safe method of 
sampling deep intracranial tissues.” 
Linstadt et al” followed up 33 patients 
with germinoma for a median of 
5.3 years (range, 0.1 to 27.5 years). At 
5 years, all patients with stereotactic 
biopsy-proved germinomas were alive, 
while only 73% of the patients who did 
not undergo biopsy were alive after the 
same period. An initial incorrect diag- 
nosis was believed to be responsible for 
this difference, since 66% of those with 
recurrent disease were found to harbor 
an ependymoma or a pinealoblastoma. 
Biopsy, therefore, may increase surviv- 
al by increasing diagnostic accuracy and 
as a result allow for the institution of 
proper therapy.” 

The extreme radiosensitivity of ger- 
minomas has led some to initiate radia- 
tion therapy of suspected lesions with- 
out a tissue diagnosis. Biopsy studies, 
however, have shown that only 61% of 
lesions suspected to be of germ cell ori- 
gin on the basis of imaging studies will 
actually be germ cell tumors.” Fifteen 
percent will be of pineal parenchymal 
origin (pineocytoma or pinealoblas- 
toma), 17% will be gliomas, and 7% will 
represent other lesions.” Tumor re- 
gression after a maximum dose of 
2000 cGy supports the presence ofa ger- 
minoma.” Tumors that do not respond 
to such doses may represent mixed 
tumors, choriocarcinomas, embryonal 
carcinomas, endodermal sinus tumors, 
pinealomas, teratomas, and glial tu- 
mors. Pinealoblastoma and _histio- 
cytosis may respond to radiation 
treatment.” 

Radiation regimens for germinoma 
therapy vary. Most studies recommend 
4000 to 6000 cGy to the primary intra- 
cranial site”™™ and approximately 
3000 cGy to the remainder of the unin- 
volved brain.™™" Recurrence-free rates 
are reported to be 85% to 100% at 5 to 10 
years posttreatment.” Local control ap- 
pears to improve from about 50% with 
40 Gy or less to 90% with 50 Gy or 
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more.” Some investigators believe that 
spinal irradiation should be reserved (1) 
for lesions that demonstrate clear CSF 
invasion by myelography, cytology, 
magnetic resonance imaging, or com- 
puted tomography; (2) for extensive in- 
tracranial disease; (3) for multiple foci of 
tumor; (4) for ventricular or meningeal 
seeding; and (5) after tumor spillage at 
surgery.” Cerebrospinal fluid invasion 
can be expected in 6% to 85% of patients 
with histologically proved germino- 
mas." In such situations, dosages 
vary between 3600 and 4500 cGy.*” 
Controlled prospective studies have not 
been performed to determine the value 
of adjuvant spinal irradiation.” Lin- 
stadt et al” claimed that 8% of their 
study patients who underwent radia- 
tion therapy to the cord developed spi- 
nal metastases, while 23% of those who 
did not undergo radiation therapy de- 
veloped metastases. In their minds, the 
15% benefit provided by radiation ther- 
apy did not justify the attendant risks, 
such as growth retardation and myeli- 
tis.” Shibamoto et al" further compli- 
cated the decision-making process by 
citing their findings in which six pa- 
tients had positive CSF cultures, did 
not receive spinal irradiation, and had 
no spinal involvement over a 6- to 
12-year follow-up period. These favor- 
able outcomes may be secondary to de- 
creased viability of free-floating cells or 
irradiation of cells as they circulate 
within the CSF and enter an irradiated 
field.“ Nevertheless, despite their ob- 
servations, Shibamoto and colleagues 
recommend radiation therapy for all in- 
dividuals with evidence of spinal com- 
partment involvement. 

Despite the efficacy of radiation ther- 
apy in the treatment of germinomas, 
chemotherapy has recently been advo- 
cated as an adjuvant therapy to de- 
crease the total dose of radiation neces- 
sary to induce tumor resolution. This 
would be especially useful for germino- 
mas in areas where radiation therapy 
could cause endocrinopathies, cognitive 
deficits, or other untoward side ef- 
fects.*” Allen et al” described the use of 
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- Observation 


: Opercular Cheiro-oral Syndrome 





Julien Bogousslavsky, MD; Karin Dizerens, MD; Franco Regli, MD; Paul-André Despland, MD 


@ Perioral and distal upper limb sensory 
dysfunction (cheiro-oral syndrome) has 
classically been attributed to cortical in- 
: volvement. in previously reported cases of 
the syndrome, caused by stroke, however, 
the thalamus or brain stem has been the 
actual site of the lesion. We have studied 
two patients with infarct in the superficial 


“middle cerebral artery territory invoiving 


the parietal operculum. Sensory involve- 
ment was purely subjective in the face, but 
. severe hypoesthesia was present in the 
: distal upper limb, involving mainly position 
sense, stereognosis, and graphesthesia. 
::: Temperature and pain sensation were in- 
volved in one patient. These findings cor- 
“related with involvement of the lower part 
of the postcentral gyrus, more caudal 
“parts of the parietal operculum, and un- 
derlying white matter. This opercular 
cheiro-oral syndrome seems more uncom- 
mon than faciobrachiocrural hemihypes- 
thesia associated with anterior parietal ar- 
tery territory infarct. A double supply to 
>the parietal opercular region through 
branches of the temporal arteries and an- 
terior parietal artery may explain the rarity 
“of cheiro-oral syndrome resulting from 
hemisphere stroke, because simultaneous 
` and partial compromise to two different 
pial artery networks is uncommon. 
(Arch Neurol. 1991;48:658-66 1) 


he “operculum of the insula of Reil,” 

or operculum, refers to the region 
that surrounds the insula (operculum 
: means lid or cover). Since it is formed 
¿by part of the frontal, temporal, and 
- parietal gyri, the operculum is usually 
= “divided into a frontal operculum, 
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which includes the lower part of the 
precentral gyrus and of the posterior 
part of F, a temporal operculum, 
which is the rostral part of the supe- 
rior temporal gyrus up to Heschl’s 
transverse gyrus, and a parietal oper- 
culum, which includes the lower part 
of the postcentral gyrus and P,, and 
may extend to the rostral part of P, 
While an anterior operculum syn- 
drome due to involvement of the fron- 
tal operculum has been recognized,'* 
the neurologic picture associated with 
damage to the posterior part of the 
operculum has not been adequately 
studied. We describe two patients with 
sensory involvement limited to the 
perioral region and distal part of the 
upper limb (cheiro-oral syndrome), in 
association with parietal opercular in- 
farction. 


REPORT OF CASES 


Case 1.—A 68-year-old right-handed 
male engineer was a cigarette smoker and 
had untreated hypercholesterolemia. One 
morning at 2 AM, he suddenly experienced a 
feeling of disappearance of his right fore- 
arm, associated with a decrease of touch 
sensation without any weakness. At the 
same time, he experienced tingling in the 
right side of his mouth. He was admitted to 
hospital 10 hours later. On neurologic ex- 
amination, optic fundi, visual acuity, visual 
fields, and pupil and eye movements were 
normal. Facial sensation and corneal reflex 
were symmetrical. A slight decrease in vol- 
untary lower facial contraction was present 
on the right. There was no dysarthria or 
dysphagia, and the palate moved symmet- 
rically. The gag reflex was normal. The 
tongue protruded in the midline. Tactile, 
pain, and temperature sensation were nor- 
mal in the face and mouth. Tendon reflexes 
were symmetrical. The plantar reflexes 
were flexor. There was a slight distal pare- 
sis in the right hand, with decreased finger 
motility. There was a slight pronator drift 
with elevation of the right arm. There was 
a mild difficulty in reaching objects with the 


right arm, without tremor or asterixis, 
There was no gait ataxia. Touch, pain, and 
temperature sensation were abolished. in 
the right forearm, Position sensation of the 
fingers and wrist was abolished on. the ~ 
right. Stereognosis (recognition. of small 
objects such as keys, coins, or a pin) and. 
graphesthesia (recognition of figures drawn 
by the examiner on the palm of hand) were 
also abolished. Vibration (128 Hz) sensa- 
tion was decreased (4/8) in the right wrist 
and hand. Neuropsychological examination 
with a standard battery of tests’ did not 
disclose any disturbance. General exami- 
nation findings were normal. The patient’s 
blood pressure was 150/90 mm Hg. The re- 
sults of standard blood tests and urinalysis 
were normal except for an increased. cho- 
lesterol level (7.3 mmol/L). The electrocar- 
diogram was normal. Extracranial Doppler 
ultrasounds were normal. Computed tomo- 
graphic scans of the brain on admission 
were normal. Magnetic resonance imaging 
performed after 6 days showed a hyperin- 


tense cortical and subcortical area in the 


left postcentral area at the level of the pa- 
rietal operculum on T,-weighted. images, 
The intensity was enhanced after gadolin- : 
ium injection (Fig 1). 

On discharge 11 days after admission, the 
findings of the neurologic examination had 
markedly improved. A slight decrease in 
pain and touch sensation still persisted in 
the fingers on the right, predominantly in 
the fourth and fifth fingers. Only a few dis- 
turbances in position sensation were still 
present, but severe stereognostic and gra- 
phesthesia disturbances persisted. : 

Case 2.—On awakening one morning,’ a 
T1-year-old man experienced decrease of — 
touch sensation in his left hand and numb- 


ness in the left side of his upper and lower 


lips. 

He had untreated hypertension and ‘in- 
sulin-independent diabetes: His right fore- 
arm had been amputated 22 years before as 
a result of a work injury. One year earlier, 
the patient had experienced transient 
weakness in the left upper limb. Computed 
tomography at that time showed a right 
frontal infarct. 

On neurologic examination, the patient 
was alert and well orientated. Optie fundi, 
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Fig 1.—Patient 1. Magnetic resonance T,-weighted image after gadolinium injection. Transverse (left) and coronal (right) views 
show a postcentral infarct extending more caudally within the parietal lobe, involving mainly the cerebral cortex, with little white 
matter damage. The coronal section (right) shows involvement of the parietal operculum, with damage surrounding the sylvian 


fissure, 


visual acuity, visual fields, and pupil and eye 
movements were normal. Facial sensation 
was preserved, with symmetrical corneal 
reflex. A slight lower facial paresis was 
present on the right. Tactile, temperature, 
and pain sensation were normal in the face 
and mouth. There was no dysphagia and the 
palate moved symmetrically. The gag reflex 
was normal. The tongue protruded in the 
midline. Tendon reflexes were normal and 
symmetrical. In the limbs, motor strength 
and tonus were symmetrical and normal. 
There were elevation and abduction of the 
left arm, with flexion of the fingers. Fine 
movements of the fingers (piano playing) 
were decreased on the left. There was no 
dysdiadochokinesia or limb dysmetria. 

Touch, pain, temperature, and vibration 
sensation were normal in the four limbs and 
trunk. Position sensation, stereognosis, and 
graphesthesia were nearly abolished in the 
left hand. Sensation was not decreased in 
the lower limbs, but the patient showed ex- 
tinction of the left stimulus on simulta- 
neous tactile stimulation of the lower limbs. 
The results of neuropsychological exami- 
nation using a standard battery of tests“ 
were normal. 

The findings of the general examination 
were normal except for a right carotid 
bruit. The patient’s blood pressure was 
219/115 mm Hg. The results of standard 
blood tests and urinalysis were normal ex- 
cept-for a slight anemia (hemoglobin, 126 
g/L), an increased cholesterol level (6.2 
mmol/L), and slight hyperglycemia (glu- 
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cose, 6 mmol/L). The electrocardiogram 
was normal. Doppler ultrasounds and an- 
giography showed a 90% stenosis of the 
right internal carotid artery. Computed to- 
mography of the brain showed the old right 
frontal infarct and a recent right postcen- 
tral infarct at the level of the parietal oper- 
culum (Fig 2). 


COMMENT 


Both our patients developed cheiro- 
oral sensory dysfunction in relation to 
infarct involving the contralateral pa- 
rietal opercular region. Cheiro-oral is 
a word with Greek-Latin origin, which 
describes subjective or objective sen- 
sory involvement in the peribuccal re- 
gion and distal part of the upper ex- 
tremities, mainly the hands and 
fingers.® First described by Sittig’ in 
1914, cheiro-oral sensory involvement, 
or cheiro-oral syndrome, was thought 
to be highly suggestive of a cortical le- 
sion in the contralateral hemisphere 
and corresponded well to the sensory 
homunculus topography in the cere- 
bral cortex. This assumption was 
mainly based on the development of 
paroxysmal cheiro-oral paresthesias, 
which were likely to be epilectic in pa- 
tients with tumor or trauma. On the 
other hand, the role of thalamic in- 
volvement was subsequently empha- 


sized in the development of cheiro-oral 
syndrome,’ and, in the literature, 
cheiro-oral syndrome resulting from 
supratentorial stroke has been re- 
ported only in thalamic infarction*' or 
hemorrhage." 

The first clinicopathologice study of 
cheiro-oral syndrome was carried out 
in 1917 by Schuster, who described a 
50-year-old man who experienced par- 
oxysmal tingling in his hand, fingers, 
and upper lip on the left side, with a 
slight decrease in position sensation 
on that side. At autopsy, an “endo- 
thelioma” (meningioma) was com- 
pressing the lower part of the postcen- 
tral gyrus and anterior part of the su- 
pramarginal gyrus on the right side; 
the brain parenchyma itself was not 
damaged. Seven clinicopathological 
studies were subsequently published, 
one involving another patient with a 
large parietal meningioma," two pa- 
tients with multiple tuberculomas in 
the cerebral hemispheres,'*'* one pa- 
tient with surgical lesion of the spino- 
thalamic pathways in the midbrain,” 
and three patients with lateral tha- 
lamic infarct limited to the ventral 
posterior nucleus." In a review of the 
literature on cheiro-oral syndrome up 
to 1965, Haguenau® could not find a 
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Fig 2.—Patient 2. Computed tomographic scans show a right postcentral infarct (arrows) extending into the underlying white matter. 


single case of cortical stroke, and he 
emphasized thalamic involvement. To 
our knowledge, no patient has been 
described with cheiro-oral syndrome 
and stroke involving the cerebral cor- 
tex or underlying white matter on 
computed tomography or magnetic 
resonance imaging. Apart from tha- 
lamic infarction, cheiro-oral syndrome 
has been associated with pontine in- 
faret, hemorrhage,'**' cavernous an- 
gioma,” and midbrain hemorrhage” 
on computed tomographic and mag- 
netic resonance imaging scans. 
Sensory involvement in our patients 
was ka subjective in the face, but 
severe hypoesthesia was present in the 
hands, without any pseudoradicular 
distribution. This sensory deficit was 
“cortical” in type, as position sense, 
stereognosis, and graphesthesia were 
particularly severely involved (Verg- 
er-Dejerine cortical hypesthesia***). 
Pain and temperature sensation were 
involved in the first patient, but spared 
in the second patient. Vibration sen- 
sation was the least affected sensory 
modality in both patients. Involve- 
ment of the posteentral gyrus in the 
parietal operculum (somatosensory 
area I) may explain decreased position 
and discriminative touch sensation, 
while involvement of the more caudal 
portion of the parietal operculum and 
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insula (somatosensory area II) may 
explain decreased pain and tempera- 
ture sensation (Dejerine-Mouzon hypo- 
esthesia”) by damage to the thalamo- 
cortical pathways and to the projec- 
tion area for nocicepsis.””” Disturbed 
recognition (eg, stereognosis and pain 
perception) probably relates to more 
posterior involvement in the lower pa- 
rietal region.” In fact, dissociated sen- 
sory disturbance involving propriocep- 
tion, stereognosis, and graphesthesia 
may not be specific for cortical dam- 
age, as it has also been reported in pure 
sensory stroke secondary to thalamic 
infarction.” 

Another syndrome with hemisen- 
sory disturbance has been reported in 
patients with left anterior parietal ar- 
tery territory infarction, associating 
conduction aphasia, mild motor im- 
pairment, and marked faciobrachio- 
crural hypoesthesia mainly involving 
the elementary modalities of sensation 
Ge, touch, position, pain, and tem- 
perature). In the single autopsied 
case, the infarct involved the posteen- 
tral gyrus P, and the anterior part of 
P, but it also extended very deeply into 
the white matter down to the posterior 
limb of the internal capsule.” A 
pseudothalamie pain syndrome has 
also been reported in more posterior 
involvement of the parietal white 





Anterior Parietal Artery 
Middle/Posterior Temporal Branches | 








a | 





Fig 3.—Lateral view of cerebra! hemisphere 
showing somatosensory areas | (Sm I) and Il 
(Sm fl) and arterial supply. 


matter.” Involvement limited to the 
lower part of the postcentral gyrus, 
posterior parietal operculum, and un- 
derlying white matter in our patients 
may correspond to infarction in the 
territory of branches from both the 
anterior parietal artery and the mid- 
die and posterior temporal arteries, 
without more extensive damage to the 


anterior parietal artery territory (Fig w 


3). This type of partial superficial mid- 
dle cerebral artery branch territory 
infarct seems rather uncommon, as 
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suggested by the absence of previous 
reports of cheiro-oral syndrome re- 
-sulting from hemisphere stroke. This 
» rarity is difficult to explain, but may be 
related to the vascular anatomy of the 
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posterior opercular region, which hasa 
double vascular supply through 
branches from the temporal arteries 
and anterior parietal artery.” 

Our findings highlight the nonspec- 


References 


(Paris). 1931;107:1274-1276. 

15. Strauss H. Uber Sensibilitatsstérungen an 
Hand und Gesicht, Geschmacksstérungen und 
ihre lokalilisatorische Bedeutung. Monatsschr 
Psychiat Neurol. 1925:58:265-276. 

16. Roger H, Alliez J, Paillas J, Jouve A. Mi- 
graines accompagnées de paresthésies cheiro- 
orales symptomatiques d’un début de méningite 
tuberculeuse de l'adulte. Gaz Hop. 1936;109:111- 
118. 

17. Mark VH, Ervin FR, Yakovlev PI. The 
treatment of pain by stereotaxic methods. Conf 
Neurol (Basel). 1962;22:238-245. 

18. Araga S, Fukada M, Kagimoto H, Taka- 
hashi K. Pure sensory stroke due to pontine 
haemorrhage. J Neurol. 1987;235:116-117. 

19. Iwasaki Y, Kinoshita M, Ikeda K, Shiojima 
T. Pure sensory stroke and cheiro-oral syndrome. 
J Neurol. 1989;236:186-187. 

20. Yasuda Y, Akiguchi I, Ishikawa M, Kam- 
eyama M. Bilateral cheiro-oral syndrome follow- 
ing pontine haemorrhage. J Neurol. 1988;235:489- 
490. 

21. Matsumoto S, Kaku S, Yamasaki M, Imai T, 
Nabatawe H, Kameyama M. Cheiro-oral syn- 
drome with bilateral oral involvement: a study of 
pontine lesions by high-resolution MRI. J Neurol 
Neurosurg Psychiatry. 1989;52:792-794. 

22. Ten Holter J, Tijssen C. Cheiro-oral syn- 
drome: does it have a specific localizing value? Eur 
Neurol. 1988;28:326-330. 

23. Ono S, Inoue K. Cheiro-oral syndrome fol- 
lowing midbrain haemorrhage. J Neurol. 1985; 
232:304-306. 

24. Verger H. Sur les troubles de la sensibilite 
générale consécutifs aux lésions des hémisphères 
cérébraux chez l'homme. Arch Gen Med, Novem- 
ber-December 1900:518, 662 

25. Dejerine J. Semiologie des affections du 
système nerveux. New York, NY: Masson Publish- 
ers USA Ine; 1914;2:915. 

26. Dejerine J, Mouzon J. Un nouveau type de 
syndrome sensitif cortical observé dans un cas de 
monoplégie corticale dissociée. Rev Neurol. 
1915;2:1265-1273. 

27. Biemond A. The conduction of pain above 
the level of the thalamus opticus. Arch Neurol 
Psychiatry. 1956;75:231-244. 


ificity of cheiro-oral sensory distur- 
bance in acute stroke. They also pro- 
vide evidence for partial middle cere- 
bral artery territory infarction limited 
to the posterior opercular region. 


28. Brodal A. Neurological Anatomy in Rela- 0 
tion to Clinical Medicine. New York, NY: Oxford : 
University Press Ine; 1981. i 

29. Carpenter MB. Human Neur Reena ee 
Baltimore, Md: Williams & Wilkins; 1976. me 

30. Pause M, Kunesch E, Binkofski F, Freund 
HJ. Sensorimotor disturbances in patients with 
lesions of the parietal cortex. Brain, 1989 
112:1599-1625, i 

31. Sacco RL, Bello JA, Traub R, Brust JCM: 


Selective proprioceptive loss from a thalamie la- 


cunar stroke. Stroke. 1987;18:1160-1163. : 

32. Foix C, Chavany JA, Lévy M. Syndrome 
pseudo-thalamique d'origine pariétale: lésion de 
Yartére du sillon interpariétal (Pa P, P, an- 
térieures, petit territoire insulo-capsulaire). Rev 
Neurol. 1927;35:68-76. 

33. Lhermitte F, Desi M, Signoret JL, Deloche 
G. Aphasie kinesthésique associée 4 un syndrome 
pseudothalamique. Rev Neurol. 1980;136:675-688, 

34. Bogousslavsky J, Assal G, Regli F. Aphasie 
afférente motrice et hémisyndrome sensitif droit = 
le syndrome de l'artère pariétale antérieure 
gauche. Rev Neurol, 1982;138:649-655. : 

35. Poncet M, Habib M, Robillard A. Deep left 
parietal lobe syndrome: conduction aphasia and 
other neurobehavioral disorders due to a small 
subcortical lesion. J Neurol Neurosurg Psychia- 
try. 1987;50:709-713. 

36. Hyman BT, Tranel D. Hemianesthesia and 
aphasia: an anatomical and behavioral study. 
Arch Neurol, 1989;46:816-819, 

37. Bogousslavsky J, Van Melle G, Regii F. 
Middle cerebral artery pial territory infarcts: a.” 
study of the Lausanne Stroke Registry. Ann Neu- 
rol. 1989;25:555-560. 


38. Schmahmann JD. Parietal pseudothalamie 0. 


pain syndrome. Neurology. 1989;89( suppl 1):358. 


39. Foix Ç, Lévy M. Les ramollissements sylvi- 037 


ens: syndromes des lésions en foyer du territoire 
de l'artère sylvienne et de ses branches. Rev Nei 
rol, 1927;2:1-51. 

40. Salamon G, Huang YP. Radiologic Anat- 
omy of the Brain. New York, NY: Springer-Verlag 
NY Ine; 1976. 

41. Damasio H. A computed tomographic guide 
to the identification of cerebral vascular territo- 
ries. Arch Neurol, 1983;40:138-142. 


Cheiro-oral Syndrome—Bogousslavsky et.al. 664 

















CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3 Times 

or more” 
Cost per word $1.00 $ 90 
Minimum ad: 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box ,c/o 
AON" are to be counted as three words. 

Classified Display 1Time 3 Times 
Full page $536 $482 
Two-thirds page 458 412 
One-half page 405 364 
One-third page 321 289 
One-sixth page 214 193 
Column inch 55 50 


Minimum display ad: one column inch. 
12-time and 24-time rates available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 © 813-443-7666 





662 


Classified Advertising -~ 


All classified advertising orders, correspondence and payments should be directed to: Archives of Neurology, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or related 
correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: { 
Box __.___, c/o AON, P.O. Box 1510. Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Neurology. 








Professional Opportt 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophysi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University’s College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospitai and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology. 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. if this special opportunity is of 
interest to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street. Marquette, MI 49855. 


NEUROLOGIST 


Neurologist, board-eligible or board- 
certified, with EEG, EMG, EP and neuro- 
CT needed to join an adult neurologist in 
a 32-physician multi-specialty clinic, 100 
miles southeast of St. Louis. Population 
28,000 plus 25,000 Southern Illinois Uni- 
versity students. 


Opportunity exists for affiliation with SIU 
Medical School. No capital investment. 
Flexible compensation package with 
generous fringe benefits including health 
and disability, vacation, CME leave, and 
profit sharing retirement plan. 
Contact: 
William R. Hamilton, 
CEO/Medical Director 


CARBONDALE CLINIC 
2601 West Main 
Carbondale, IL 62901 è (618) 549-5361 





NEUROLOGIST to join dynamic, midwest neurol- 
ogy group. This very busy practice is seeking an 
energetic neurologist with a strong interest in the 
clinical care of patients. This opportunity is located 
in a desirable, midwestern community abundant in 
culturai and sporting activities. The practice has a 
well-equipped radiology department with MRI and 
CT, and also, neurophysiology and neuropsychol- 
ogy departments. The appropriate candidate must 
be energetic, pleasant, BC/BE, with EMG expe- 
rience. Please send curriculum vitae to: Box #814, 
N. 








group of six neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained specialist. 
Contact: Mike Kaufman, MD, 126 Cottage Place, 
Charlotte, NC 28207. Or call: (704) 334-7311. 


neurologist with EMG training wanted to join group 
of eight neurologists. We live an a high tech, beach- 
side community with great schools and affordable 
housing. Please send CV to: Search Committee, 
P.O. Box 693, Melbourne, FL 32902. 









gist to join 80-physician, comprehensive, multi- 
specialty group in San Francisco Bay Area. Large, 
varied referral base from pediatrics, IM, FP, and 
surgery. EMG/NCV, EEG, evoked response testing, 
CT, MRI, radiology support all available on site. 
Opportunity to interface with sepcialists of ali types 
including neurosurgeons. Major university teaching 
affiliation encouraged and possible. Close proxim- 


ity to 400-bed full service, modern hospital serving 47 


population of 300,000. Competitive guaranteed 
salary with bonus productivity plan for initial 18 
months leading to partnership track. Extensive 
benefit package including housing incentives. Uni- 
que cultural, recreational and educational opportu- 
nities. Send CV to: Gary D. Zweig, MD, Recruitment 
Chairman, Sunnyvale Medical Clinic, P.O. Box 
3496, Sunnyvale, CA 94088-3496. 


ogist to join child neurologist in rebuilding a three- 
person practice in the largest city in Kansas. Three 


large, well-equipped hospitals available for resident) | 


and undergraduate medical education. Located in 
clean, progressive community described as the 
franchise capital of the country. Competitive salary 
and benefits available. Send CV to: Richard C. 
Gilmartin, MD, 2620 East Central, Wichita, KS 67214. 








join two busy neurologists. Very strong medical 
school affiliation with teaching responsibilities for 
neurology and internal medicine, residents and 
medical students. Large referral base. Excellent 
benefit package. Please provide CV. Please contact: 
Box #818, c/o AON. 





PEDIATRIC NEUROLOGY — Unusual opportunity 
to join premier group in medium-sized community 
in the northern midwest. Seeking BC/BP pediatric 
neurologist to join three adult practitioners. Prac- 
tice in place. Excellent financial package available 
leading to partnership. Telephone or write: Mary 
Frances Lyons, MD at (800) 765-3055; Local (314) 
862-2345; c/o Cejka & Co., 222 South Central, Suite 
700, St. Louis, MO 63105. FAX: (314) 726-3009. 

MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. Con- 
tact: William Gfeller, 450 Hookahi Street, Wailuku, 
Maui, HI 96793. (808) 244-5541, 





ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali-+. 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toh 
free: (800) 237-9851; or in Florida (800) 553-8288. 
NEUROLOGIST — BE/BC to join thriving practice 
in suburban Pittsburgh. Excellent opportunity with 
two community hospitals. Comprehensive diagnos- 
tic laboratory facilities adjacent to main office. 
Interest in EMG/EEG desirable. Competitive salary, 
leading to partnership. Convenient to excellent 
schools and quality affordable housing. Contact: 
Kelly McMahon, Daniel Stern & Associates, 211 
North Whitfield Street, Suite 240, Pittsburgh, PA 
15206. (800) 438-2476. 





PLEASE NOTE —Address replies to box number 
ads as follows: Box number , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 




















Neurologist 
The Mason City Clinic 
is a progressive 


multi-specialty clinic in 
the Heartland. 





We are looking for a 
neurologist to join our very 
busy practice. Small-town 

security within two 

hours of Minneappolis 
and Des Moines. 


_ MRI, CT, sleep lab, EEG, EMG, 
“neurosurgery, cardiac surgery, 
orthopedic surgery, cancer 
center, GI lab, and ENT 
capabilities. 


Excellent salary 
and benefits. 
Submit CV to: 


Ralph A. Wolf, Administrator 


300 N. Eisenhower Avenue 
Mason City, IA 50401 


(515) 423-2435 


NEUROLOGIST 
NEEDED: 


*NEW ORLEANS, LA. 
*NASHVILLE, TN. 





Practice opportunities exist 
in suburban communities of 
New Orleans and Nashville 

for board-certified or board- 
admissible, General Adult 
Neurologist. Practice offers 
clinical and hospital setting 
with competitive salary, 
practice establishment package, 
and early partnership in 
excellent family oriented 
communities. 


Send curriculum vitae to: 


Dennis Bottomley 
Physician Placement Service 
of America 
330 Franklin Road 

_ Brentwood, TN 37024 
Or call: (800) 359-7421 
FAX: (615) 395-4764 













SOUTHEAST COAST — The Neuroscience Center 
of a 190-bed regional medical center is seeking a 
BC/BE neurologist to join in close association with 
their existing neurosurgeons, Exceptional medical 
facilities and neurological services including 
EEG/EMG, EP, CT, MRI. Excellent income guaran- 
tee plus benefits — large drawing area provides for 
outstanding potential. Located ninety minutes from 
one of this country’s premiere seaside resorts, this 
dynamic community offers a quality lifestyle. Cali 
Mark Prosperi at (800) 776-5776 for more details or 
send CV to: Cejka & Co., 1034 South Brentwood 










Excellent quality of life available in Savannah-Hilton 
Head Area, site of the 1996 Olympic Games sailing 
events. Outstanding recreational opportunities, 
nation's largest urban Historic District, and superb 
symphony are among the attractions of living here. 
A well-trained, personable neurologist with special 
competence in child neurology is needed for a busy 
practice, currently consisting of two adult neurolo- 
gists and one neurologist doing adult and child neu- 
rology, all with strong academic backgrounds. CT, 
EEG, EMG and physical therapy are available in- 
office with large hospital practice available in three 
hospitais. including a major regional teaching hos- 
pital, affiliated with the Medical College of Georgia. 
First year guarantee is $80,000 pius bonus, leading 
to full partnership after two years. Earnings poten- 
tial, availability of strong multi-specialty support, 
and opportunities for teaching are extraordinary. If 
interested contact: Randy Wellman, Office Man- 
ager, Savannah Neurological Associates, PC, P.O. 
Box 23059, Savannah, GA 31403. (912) 354-8151. 


ADULT NEUROLOGIST to associate with two 
separate, busy solo neurologists. Practices are ref- 
erral based, with two separate offices and three 
voluntary hospitals. Successful candidate would be 
expected to develop a separate solo, but collabora- 
tive practice. Established physicians would expect 
to provide substantial support for beginning physi- 
cian. Opportunity would provide for cross coverage 
and joint venturing of facilities. Successful candi- 
date should have excellent clinical skills. The medi- 
calcommunity has excellent neurophysiology, neuro- 
radiology, and neurosurgery. Located in a medium 
size city with both excellent living conditions and an 
extremely solid economic base. Please contact: Jef- 
frey A. Ribner, MD, 503 Plaza Drive, Vestal, NY 
13850. (607) 729-1521 or Robert R. Taylor, Jr., MD, 
269 Riverside Drive, Johnson City, NY 13790. (607) 
798-7143. 


SEEKING ENERGETIC BE/BC NEUROLOGIST to 
join three adults and one child neurologist. Prefer 
someone with interest in general neurology and 
special interest and training in any of the following 
areas: sleep medicine, neurophysiology testing, 
neuro-rehabilitation, pain, or neuro-intensive care. 
Excellent medical community with all of the suppor- 
tive consultants and technology. Send CV to: Neuro- 
logical Associates of Grand Rapids, PC, 2855 Mich- 

















































NEUROLOGIST — BC/BE, full- or part-time, for 
exanding San Francisco Bay area. Private practice 
with emphasis on clinical occupational neurology 
and med-legai evaluations. Expertise in EMG, EEG 
and EP desired. Excellent reputation, referral base, 
facilities and support staff. Unique income opportu- 
nity. Submit CV and letter stating professional 
goals. and availability to: Personnel, 2040 Polk 
Street, Box 337, San Francisco, CA 94109. 












NEUROLOGIST TO DIRECT Movement Disorders 
Program — The Cleveland Cinic Department of 
Neurology is seeking a BE/BC neurologist to direct 
and develop a major Movement Disorders Program. 
Fellowship training in movement disorders is highly 
desirable, as is experience with clinical research 
trials especially related to Parkinson's disease. This 
is an outstanding opportunity to join a premier clini- 
cal neurology group with a strong commitment to 
education and research. interested individuals 
should send CV and three references to: Anthony J. 
Furlan, MD, Head, Section of Adult Neurology or 
Hans Luders, MD, PhD. Chairman, Department of 
Neurology, The Cleveland Clinic Foundation, One 
Clinic Center, Cleveland, OH 44195. The Cleveland 
Clinic Foundation is an equal opportunity/affirma- 
tive action employer. 



















FOOTHILLS OF MOUNTAINS where Tennessee, 
North Carolina and Virginia meet. Busy general 
neurology practice with opportunity to. develop 
subspecialty interest in epilepsy, sleep, pediatrics, 
trauma or rehab. Plentiful EMGs and EEGs. |- 
Appointment at state university medical school. | 
Community boasts award winning schools, affluent 
patient base, boating, snow-skiing, camping and the 
arts. Call Daine Safner at: (800) 765-3055. Or send 
CV to: 222 South Central, Suite 700, St. Louis, MO 
63105. 




























recruiting a BC/BE neurologist. Mercy Medical Cen- 
ter is an extremely progressive and active 100-bed 
facility and is doing well financially and growing —- 
primarily due to an excellent staff of 90 physicians 
and a decent economy. Durango is located in 
southwestern Colorado, with an abundance of out- 
door recreation (skiing, fishing, hunting, bicycling) 
excellent restaurants, an excellent local 4-year col- 
lege, great weather and excellent schoois! For more 
information about this excellent practice opportuni- 
ty, mail CV or call: Bob Conrad, Vice President, 
Mercy Medical Center, 375 East Park Avenue, 
Durango, CO 81301. (303) 247-3804. 








































The Division of Movement Disorders in 
the Department of Neurology of Henry 
Ford Hospital is seeking a second neu- 
rologist to join the Gossett Parkinson's 
Disease Center. 












The candidate should have fellowship 
training in movement disorders, The posi- 
tion will include half-time for research 
activities. The department is large, com- 
mitted to academic excellence, and offers 
excellent research opportunities in NMR 
spectroscopy, pharmacology, epiderni- 
ology, neuropsychology and basic 
neurobiology. Candidates should be capa- 
ble of developing a research program, 
partly collaborating with others in the 
center. Competitive salary and benefits are 
offered, commensurate with experience. 

































Send CV and two references to: 


Jay M. Gorell, MD, Director 
Division of Movement Disorders and 
Gossett Parkinson's Disease Center 
Department of Neurology 


Henry Jord Hopital 


2799 West Grand Boulevard 
Detroit, Michigan 48202. 


Henry Ford Hospital is an equal opportunity 
employer. 
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EXCELLENT OPPORTUNITY for BC/BE neurolo- 
gist to join 80-physician comprehensive, multi- 
specialty group in San Francisco Bay Area. Large, 
varied referral base from Pediatrics, IM, FP, and 
Surgery. EMG/NCV, EEG, Evoked Response Test- 
ing, CT, MRI, Radiology support all available on site. 
Opportunity to interface with specialists of all types 
including neurosurgeons. Major university teaching 
affiliation encouraged and possible. Close proxim- 
ity to 400-bed full service, modern hospital serving 
population of 300,000. Comeptitive guaranteed 
salary with bonus productivity plan for initial 18 
months leading to partnership track. Extensive 
benefit package including housing incentives, Uni- 
que cultural, recrational and educational opportuni- 
ties. Send CV to: Gary D. Zweig, MD, Recruitment 
Chairman, Sunnyvale Medical Clinic, P.O. Box 













































BC/BE NEUROLOGIST — Exceptional opportunity 
to establish a practice in northwest Denver suburb. 
No investment required. Strong referral base. Op- 
portunity to affiliate with two busy neurologists with 
office located adjacent to beautiful 400-bed hospital 
with state-of-the-art technology. Excellent oppor- 
tunity for subspecialty trained with a strong interest 
in the clinical care of patients. Send CV to: Box #819, 
c/o AON. . 


PLEASE NOTE—Address replies to box number 
ads as follows: Box number , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 
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NEUROLOGIST — BOARD-CERTIFIED or -eligible 
neurologist with California license needed to join a 
prestigious Worker's Compensation clinic for 
patient evaluation and follow-up and EMG/NCS 
testing. For further information contact Christine 
Benson at: (213) 277-2929. Or send CV to: 1125 
South Beverly Drive, #601, Los Angeles, CA 90035. 


ROCKY MOUNTAINS 
Third neurologist sought for very busy practice in 
city. of 60,000. Group includes other medicine sub- 
specialists. Call one in three. Excetlent clinic and 
hospital facilities. EEG and EMG in clinic. No other 
neurologists in community. 
Great lifestyle location for skiing, hiking, fishing, 
camping, etc. Excellent school system, low taxes. 
For additional information about this excellent 
opportunity, cali Greg Peterson at: (800) 669-4804 
or (913) 599-4804. 
THE PETERSON GROUP 
8700 Monrovia, Suite 302 
Shawnee Mission, KS 66215 


NEUROLOGIST: BC/BE neurologist to replace 
retiring partner in established four-person depart- 
ment associated with 106-physician multi-specialty 
clinic located in beautiful northwest Arkansas. Holt- 
Krock Clinic is the 33rd largest freestanding clinic in 
the nation, serving a patient base of 400,000 in 
Arkansas and Oklahoma. Full range of electrical 
Studies offered with EEG, EMG, evoked response, 
and cervical vascular ultrasound procedures. We 
offer a guaranteed salary with full partnership in 2 to 
2⁄2 years, plus excellent fringe benefits. 680-bed 
hospital and new rehab hospital two blocks from 
main clinic. For details regarding this opportunity, 
send letter and CV to: Mrs. Josephine Decker, 
Associate Administrator, Holt-Krock Clinic, 1500 
Dodson Avenue, Fort Smith, AR 72901. (501) 
782-2071. 


























EXPANDING, DYNAMIC ADULT neurology prac- 
tice —- BC/BE neurologist to join rapidly growing 
office and multi-hospital practice in New Jersey — 
15 minutes from Manhattan. Candidate must be 
energetic and personable. EMG, EEG experience 
preferred. Send CV to: Joseph Sobelman, MD, 834 
Avenue C, Bayonne, NJ 07002. 





LOYOLA UNIVERSITY Chicago Stritch Schoo! of 
Medicine, Department of Neurology invites applica- 
tions for two positions at the Assistant Professor 
level. Applicants should be board-eligible or -certified 
in neurology and have subspecialty expertise in 
either epilepsy, movement disorders, cerebrovascu- 
lar diseases, behavioral or geriatric neurology. Pref- 
erence will be given to candidates with clinical 
research interests. Send CV to: Gastone Celesia, 
MD, Chairman, Neurology Department, Loyola Uni- 
versity Chicago, 2160 South First Avenue, Chicago, 
IL 60153. Loyola University Chicago is an equal 
opportunity/affirmative action employer. 


NEUROLOGIST BC/BE: The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to William E. Mcintosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3500 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


FULL-TIME TENURE-TRACK faculty opportunities 
available for BC/BE neurologists with dementia, 
EMG/neuromuscular diseases and cerebrovascular 
disease expertise. Successful applicants will be pro- 
vided laboratory space and support in a dynamic 
growing department, take an active role in the 
Creighton-Nebraska neurology training program 
and be afforded ample research and clinical colla- 
borative opportunities for career advancement. 
Creighton is an established university and medical 
center with expanding and diverse facilities, includ- 
ing a new PET Center. Send inquiries to: John M. 
Bertoni, MD, PhD, Professor and Chairman, 
Department of Neurology, 601 North 30th Street, 
Suite 2342, Omaha, NE 68131. EOE. 
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THE UNIVERSITY OF Mississippi Medical Center 
Department of Neurology invites applications for 
position of Assistant Professor from board-certified 
individuals with strong research, clinical and teach- 
ing skills. Persons with expertise in neuro-oncology, 
vascular disease, and epilepsy are especially being 
sought. Please submit a letter of intent, curriculum 
vitae, and letters of recommendation from three 
physicians to: Dr. James J. Corbett, Chairman, 
Department of Neurology, The University of Missis- 
sippi Medical Center, Jackson, MS 39216-4505. The 
University of Mississippi Medical Center is an equal 
opportunity employer. M/F/HAV. 


ACADEMIC NEUROLOGIST: University Colorado 
School Medicine, Denver. Full-time faculty position 
based at Denver General Hospital. Responsibilities 
include inpatient attending, outpatient clinics, train- 
ing neurology residents and teaching medical stu- 
dents clinical neurology. Clinical research and EMG 
experience desirable, but not required. CV: Donald 
Gilden, MD, Chairman, Department Neurology, 
4200 East 9th Avenue, Denver, CO 80262. AA/EOE. 








PGY- — University of South Alabama Medical 
Center invites applications for a PGY-III position in 
Neurology beginning July 1, 1991. Reply to: Paul 
Dyken, MD, Professor and Chairman, Department 
of Neurology, 2451 Fillingim Street, Mobile, AL 
36617. Telephone: (205) 471-5801. 





ADULT NEUROLOGY RESIDENCY PGY-IV posi- 
tion available at the University of Colorado School 
of Medicine for July, 1991. Contact: James P. Kelly, 
MA, MD. Director of Resident Selection, Depart- 
ment of Neurology, UCHSC B-183, 4200 East Ninth 
Avenue, Denver, CO 80262. (303) 270-8760 


CHILD NEUROLOGY RESIDENCY. The Depart- 
ment of Neurology at the Medical College of Wis- 
consin has a first year position available for July 1, 
1992, in a fully accredited three-year training pro- 
gram at the new Children’s Hospital of Wisconsin, 
There are five full-time pediatric neurologists con- 
ducting a strong general clinical neurology program 
with programs of special emphasis in both clinical 
and basic science in oncology, epilepsy, neurobe- 
havior, and neuromuscular cisorders. Candidates 
should have two years of pediatric training in an 
ACGME-accredited program. Contact: Richard J. 
Konkol. MD, PhD, Chief, Section of Pediatric Neu- 
rology, 8701 Watertown Plank Road, Milwaukee, WI 
53226. Telephone (414) 266-4090, or Eric Maas, MD, 
Neurology Residency Director, Froedtert Memorial 
Lutheran Hospital, 9200 West Wisconsin Avenue, 
Milwaukee, WI 53226. 








Miscellaneous 


WRITE BRIEF REVIEWS on topics in neurology for 
$500-$1,000. Respond with CV to: Dr. S. Demeter, 
Arbor Publishing Corp., 333 Metro Park, Suite N- 
208, Rochester, NY 14623. 


Medical Services __ 


AMBULATORY 
EEG SCANNING SERVICE 


For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report upon receipt of tape. 
Cali: EEG Department 


DIAGNOSTIC MEDICAL LABORATORIES 


(30!) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 





used equip- 
ment in good condition for sale; Nicolet Evoked 
Potential, EMG, Oxford Ambulatory EEG (scanner, 
recorder, sleep stages), Biosound Carotid Ultra- 
sound imager. Contact: Paul Bustion, MD, 1801 





tial Machine-VEP, BAEP, SSEP: with color monitor 
and plotter. Excellent condition: $15,000. (703) 
885-6000. 





COMPHEALTH PROVIDES the finest locum tenens 
(Temporary physician staffing) service nationwide. 





Each CompHeaith neurologist is carefully screened 
and referenced ensuring you competent, retiabie 
coverage. Have your practice covered or join us and 
cover other practices. Call CompHealth, the nation’ 

oldest and largest supplier of temporary physicia} 
staffing services, at: (800) 328-3043 toll-free. Or 
write: 4021 South 700 East, Salt Lake City, UT 84107. 






DIRECTOR. CLINICAL EEG/EP laboratory with an 
appointment in Department of Neurology, Harvard 
Medical School, is sought by the Neurology Div- 
ision, Brigham and Women’s Hospital, Boston. The 

successful candidate will direct the clinical, inves- 

tigative and teaching aspects of the EEG and EP | 
laboratory. Applicants should be board-certified _ 






DIRECTOR, Neurology-Neurosurgery Intensive 
Care Unit with an appointment in Department of 
Neurology, Harvard Medical School, is sought by 
the Neurology Division, Brigham and Women’s 
Hospital, Boston. The successful candidate wili 
direct the clinical, investigative and teaching 
aspects of Neuro-ICU. Applicants should be board- 
certified in Neurology and Internal Medicine with 
demonstrated facility in organizing and operating a 
Neuro-ICU. Clinical skill and clinical research facil- 
ity are equally important aspects of the position. 
Please send inquiries and CV to: Martin A. Samuels, 
MD, Brigham and Women's Hospital, 75 Francis _ 
Street, Boston, MA 02115. Brigham and Women's 
Hospital and Harvard Medical School are equal op-” 
portunity employers. 





Associate Clinical 
Directors 


Synergen, Inc., a growing biotechnology 
company in Boulder, Colorado, seeks 
experienced Associate Clinical Directors 
for the clinical evaluation of several 
innovative recombinant DNA protein 
therapies for wound healing, inflam- 
mation, sepsis, pulmonary and neuro- 
logical diseases. As part of the new clinical 
team, these two new positions will work 
with the Medical Director to pian clinical 
research projects and to design, monitor, 
evaluate and report clinical trials. 


Requirements include M.D. degree with 
specialty training in neurology for one 
position. For the other position require- 
ments include M.D. degree with specialty 
training in pediatrics or internal medicine 
with subspecialty training in pulmonology. 
Approximately 2-3 years’ experience in 
pharmaceutical industry positions that 
have provided a thorough background in 
the design and execution of clinical 
studies (Phases I through IH) required. 
The successful candidates should have the 
ability to develop, execute and manage a 
fully integrated clinical trial program. 


Synergen offers competitive salaries, 
generous benefits, and the financial stability 
required for future development. Please 
send a resume to: MXB, Four Embarcadero 
Center, Ste. 3570, San Francisco, CA 
94111, We are an Equal Opportunity 
Employer. 
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_ Dilantin? MAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
: Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenyioin serum level determinations may be necessary for optimal dosage adjustments ‘see 

z Dosage and Administration and Clinical Pharmacology in the full prescribing information). 

` CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersens'tive 

-to phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 

“epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

inalt cases of lymphadenopathy, follow-up observation for an extended period is indicated and 

_- every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

» Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
“decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 
be exercised in using this medication in patients suffering from this disease. 

: Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children torn 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 

-are-also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on'drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 

“than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 

: possibility of precipitating status epilepticus with attendant hypoxia and threat to life. in individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 

: Medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 

-phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
Quide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

: Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
sor correct this defect and has been recommended to be given to the mother before delivery and 
tothe neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin: patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to fimited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin shouid be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scariatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds} in these same 
patients. 

_ Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoir's interference with Vitamin D metabolism. 

-Phenytoin.is-not indicated for seizures due to hypoglycemic or other metabolic causes. 

Appropriate diagnostic procedures should be performed as indicated. 

_/ Phenytoin is not effective for absence (petit mal) seizures. if tonic-clonic (grand mat} end 
absence (petit mal) seizures are present, combined drug therapy is needed. 

_ Serum levels of phenytoin sustained above the optimal range may produce confusional states 


Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 





referred to as “delirium? “psychosis,” or “encephalopathy: 0 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma 
reduction of phenytoin therapy is indicated if plasma levels are € 
termination is recommended. (See Warnings.) 

information for Patients: Patients taking phenytoin should be 
adhering strictly to the prescribed dosage regimen, and of inform 
condition in which itis not possible to take the drug orally as pr 

Patients should also be cautioned on the use of other drugs or ¿ 
seeking the physician's advice. 

Patients should be instructed to cali their physician if skin ras 

The importance of good dental hygiene should be stres: 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may bi 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase € 
which phenytoin may affect. Serum level determinations for pi 
when possible drug interactions are suspected. The most commc 
are listed below: 1. Drugs which may increase phenytoin serur 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diaz 
estrogens, H,-antagonists, halothane, isoniazid, methyl 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbi 

2, Drugs which may decrease phenytoin levels include: carbam 
reserpine, and sucralfate. Moban® brand of molindone hydroc 
which interfere with the absorption of phenytoin. ingestion tir 
preparations containing calcium should be staggered in patients v 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serur 
sodium valproate, and valproic acid. Similarly, the effect of pheny 
acid and sodium valproate serum levels is unpredictable. 

4, Although not a true drug interaction, tricyclic antidepressa 
susceptible patients and phenytoin dosage may need to be adju 

5. Drugs whose eftic 
include: corticosteroic 
digitoxin, doxycycline, 
contraceptives, quinic 
vitamin D. 
Drug/Laboratory Test 
cause decreased serum 
(PBI). It may also produ 
dexamethasone or met 
cause increased serum| 
phatase, and gamma gl 
Carcinogenesis: See “\ 
tion on carcinogenesis. 
Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for w 
phenytoin appears to be secreted in low concentrations in hum: 
ADVERSE REACTIONS: Central Nervous System: The most comn 
with phenytoin therapy are referable to this system and are usual 
nystagmus, ataxia, slurred speech, decreased coordination and 
insomnia, transient nervousness, motor twitchings, and headaches 
have also been rare reports of phenytoin induced dyskinesias, inch 
and asterixis, similar to those induced by phenothiazine and other 

A predominantly sensory peripheral polyneuropathy has been 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic 
Integumentary System: Dermatological manifestations sometim 
included scarlatiniform or morbilliform rashes. A morbilliform ri 
common; other types of dermatitis are seen more rarely. Other 1 
be fatal have included bullous, exfoliative or purpuric dermatitis, it 
Johnson syndrome, and toxic epidermal necrolysis (see Precau 
Hemopoietic System: Hemopoietic complications, some fatal, he 
in association with administration of phenytoin. These have incluc 
penia, granulocytopenia, agranulocytosis, and pancytopenia witk 
pression. While macrocytosis and megaloblastic anemia have occt 
respond to folic acid therapy. Lymphadenopathy including benign | 
dolymphoma, lymphoma, and Hodgkin's Disease have been rep 
Connective Tissue System: Coarsening of the facial features, en 
hyperplasia. hypertrichosis and Peyronie's Disease. 
Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, bi 
such as arthralgias, eosinophilia, fever, liver dysfunction, lympha 
lupus erythematosus, immunoglobulin abnormalities. 
OVERDOSAGE: The lethal dose in children is not known. The leth 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, a 
tremor, hyperreflexia, lethargy, slurred speech, nausea. vomiti 
comatose and hypotensive. Death is due to respiratory and circu 

There are marked variations among individuals with respect to p 
toxicity may occur. Nystagmus, on lateral gaze, usually appears 
meg/mL, dysarthria and lethargy appear when the plasma concent 
as high a concentration as 50 mcg/mL has been reported without 
as 25 times the therapeutic dose has been taken to result in a si 
meg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known anti 

The adequacy of the respiratory and circulatory systems shot 
appropriate supportive measures employed. Hemodialysis can bi 
is not completely bound to plasma proteins. Total exchange tran 
treatment of severe intoxication in children. 

in acute overdosage the possibility of other CNS depressants, 
borne in mind. 

Caution — Federal law prohibits dispensing without prescription. 
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As rare as a seizure on 
B ilantin extended phenytoin sodium capsules USP) 100 mg 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon 
if at all—once Dilantin monotherapy 
is under way! 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 ng/mL),? often wii 
once-daily therapy (Dilantin® Kapseals* 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
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bnce in a blue moon” describes the phenomenon in which 
he moon appears as a brilliant blue. Seen worldwide following 
he volcanic eruption of Krakatoa in 1883, the blue moon occurs 


bnly when atmospheric cloud droplets, each less than 5 xm in Please see adjacent page for brief summary 
liameter_ form in abundance--an exceedinelv rare event? of prescribing information. 
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Smoother plasma levodopa levels 


The causes of motor fluctuations are not completely 
understood; in some patients they may be 

ttenuated by treatment regimens that produce 
steady plasma levels of levodopa. 
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Reduced dosing frequency? 


In a separate multicenter, double-blind trial of 
202 patients with advanced Parkinson’s disease, 
patients recorded a mean reduction of 33% in 
daily dosing frequency with SINEMET CR? 





; * Patients should be advised that sometimes the onset of effect of the first morn- 
dose of SINEMET CR may be delayed for up to 1 hour compared with the 
response usually obtained from the first morning dose of SINEMET, The physi- 







Before prescribing SINEMET CR, please see Full Prescribing 
information on the following pages. 


SINEMET is a registered trademark of Merck & Co., Inc, Rahway, NJ, USA 
DuPont Pharmaceuticals. Printed in USA  CR-31092 


cian should be notified if such delayed responses pose a problem in treatment. 


81... 


SINEMET CR is indicated in the treatment of the symptoms of idiopathic -ea 
Parkinson's disease (paralysis agitans), postencephaiitic parkinsonism, Be 
and symptomatic parkinsonism which may follow injury to the nervous 

system by carbon monoxide intoxication and manganese intoxication. 

1. Goetz CG, Tanner CM, Shannon KM, etal: Controlled-retease carbidepaflevodopa o=... 
(CRi4-Sinemet! in Parkinson's disease patients with and without motor fluctuations. 0 
Neurology. 1988;38:1143-1146. : ‘ cae? oe 

2. Hutton JT. Morris JL; Bush DF, et al: Multicenter controlled study of Sinemet CR vs. 
nemer (25/00) in advanced Parkinson's disease. Neurology. 1989:39 (suppl Rp 









a Significantly greater benefits as rated by patients 
previously treated with SINEMET® (Carbidopa-Levodopa)*? 


a Although in clinical trials, patients with moderate 
to severe motor fluctuations who received 
SINEMET” CR (Carbidopa-Levodopa) Sustained-Release 
did not experience quantitatively significant 
reductions in “off” time when compared to SINEMET, 
global ratings of improvement as assessed by both 
patient and physician were better during therapy 
with SINEMET CR than with SINEMET. 


tin clinical triats of patients with moderate to severe motor fluctuations, global 
ratings of improvement as assessed by both patient and physician were better 
during therapy with SINEMET CR than with SINEMET. 

Ratings based on patients’ subjective assessment of global improvement 
in clinical fluctuations. 

** Physician ratings based on significantly greater overall improvement in 

patient's clinical condition after eight weeks on SINEMET CR (compared to 
status at beginning of double-blind phase of same trials). 


When patients are receiving levodopa without a decarboxylase inhibitor, 
levodopa must be discontinued at least eight hours before SINEMET CR 
is startact [fic necaseary to individualiza therany SINEMET CR shod 


= Significantly greater clinical improvement in 
patients with moderate to severe motor fluctuations 
as rated by physicians **2 


= In controlled clinical trials, patients predominantly 
with moderate to severe motor fluctuations while on 
SINEMET were randomized to therapy with either 
SINEMET or SINEMET CR: Adverse experience 
profile of SINEMET CR did not differ substantially 
from that of SINEMET. 


be substituted at a dosage that will provide approximately 25% of the 
previous levodopa dosage. Nonselective MAO inhibitors are contraindi- 
cated for use with SINEMET CR. These inhibitors must be discontinued 
at least two weeks prior to initiating therapy with SINEMET CR. 
SINEMET CR may be administered concomitantly with the manu- 
facturer’s recommended dose of an MAO inhibitor with selectivity for 
MAO type B, (e.g., selegiline HCI). SINEMET CR is contraindicated in 
patients with known hypersensitivity to any component of this drug and 
in patients with narrow-angle glaucoma. Because levodopa may activate 
a malignant melanoma, SINEMET CR should not be used in patients 


with suanicinus undiannosed skin lesions or a history of malannma 

















/ Guidelines for Initial Conversion from 
SINEMET” to SINEMET CR 


(Carbidopa-Levodopa) 


® Dosage with SINEMET CR should be substituted 
-at an amount that provides approximately 10% 


-more levodopa per day. This may be increased to 
-a dosage that provides up to 30% more levodopa 
-per day depending on clinical response. 
` (See DOSAGE AND ADMINISTRATION, Titration. y" 
‘a Interval between doses of SINEMET CR should 
be 4-8 hours during the waking day. 


a Doses and dosing intervals may be increased 
or decreased depending upon therapeutic 
response. 


The above is only provided as an example of conversion. Dosage must be 

“individualized and will yay fom patient to patient. This example chart 
reflects dosing of SINEMET CR to provide an increase of approximately 
40% more levodopa. 


>The bioavailability of levodopa from SINEMET CR relative to SINEMETis_ 


“approximately 70%-75%. : 


For dosing ranges not shown in the table see DOSAGE AND ADMINISTRATION, . : 


-Initial Dosage—Patients currently treated with conventional carbidopa- 
levodopa preparations of enclosed Full Prescribing Information. 








SINEMET'CR eee ee 


SUSTAINED-RELEASE TABLETS 


DESCRIPTION 
SINEMET” CR (Carbidopa-Levodopa) isa sustained-release combination of carbidopa and levodopa forthe 
treatment of Parkinson's disease and syndrome. 

Casbidopa, ar inhibitor af aromatic amino acid decarboxylation, is a white, crystalline und, slightly soluble in water, 4 
withamolecular weight of 2443 Kis designated chemically as {~ Lor hydrazino-ocmethy?-8(34-ditydroxybanzene} propanoic 
acid monohydrate. its empirical formula is CagH,.N,O, © HzO and its structural formula Is: 


H 





is 
Hi CH,CCOOH + H:0 


NHNH: 


Tablet content is expressed in terms of anhydrous carbidopa which has a molecular weight of 226.3. 

Levodopa, an aromatic amino acid, is a white, crystalline compound slightly soluble in water, with a molecular weight 
of 197.2. it is designated chemically as (-} La-amina-8-(34-dihydroxybenzene) propanoic acid. its empirical formula is 
CoH, NO, and its structural formula is: 


OH 


wo) ongoa 


NH: 
SINEMET C3 is supplied as sustained-retease tablets cortaining 50 mg of carbidopa and 200 mg of levodopa. inactive dee: 
ingredients in SINEMET CR are: D & C Yellow 10, magnesium stearate, iron oxide, and other ingredients. a 


SINEMET C3is supplied asan oval, scored, biconvex, compressed tablet that is peach colored. Thetablet isa polymeric- 
based drug delivery system which controls the release of carbidopa and levodopa as it slowly erodes. 


CLINICAL PHARMACOLOGY 

Pharmacodynamics Current evidence indicates that symptoms of Parkinson's disease are related to depletion of dopa- 
mine in the corpus striatum. Administration of dopamine is ineffective in the treatment of Parkinson's disease apparently 
because it does not cross the blood-brain barrier. However, levodopa, the metabolic precursor of dopamine, dogs cross the 
blood-brain barrier, and presumably is converted to dopamine in the brain. This is thought to be the mechanism whereby 
levodopa relieves symptoms of Parkinson's disease. 

When levodopa is administered orally itis rapidly decarboxylated to dopamine in extracerebral tissues so that only a small 
portion of a given dose is transported unchanged to the central nervous system. For this reason, large doses of levodopa 
are required for adequate therapeutic effect and these may often be attended by nausea and other adverse reactions, some 
of which are attributable to dopamine formed in extracerebral tissues 

Since levodopa competes with certain amino acids for transport across the gut wall, the absorption of fevodopa may be 
a ost in some patients on a high protein diet 

arbidopa inhibits decarboxylation of peripheral levodopa, It does not cross the blood-brain barrier and does not affect 
the metabolism of levodopa within the central nervous system. 

Since its decarboxylase inhibiting activity is limited to extracerebral tissues, administration of carbidopa with levodopa 
makes more fevodopa available for transport to the brain. 

Patients treated with levodopa therapy for Parkinson's disease may develop motor fluctuations characterized by end-ol- 
dose failure, peak dose dyskinesia, and akinesia. The advanced form of motor fluctuations (‘on-off phenomenon) is charac- 
terized by unpredictable swings from mobility to immobility Although the causes of the motor fluctuations are not com- 
pee understood, in some patients they may be attenuated by treatment regimens that produce steady plasma levels of r 

levodopa. ‘ll 

SINEMET CR contains 50 mg of carbidopa and 200 mg of levodopa ina sustained: release dosage form designedto release 
these ingredients over a 4 to 6 hour period. With SINEMET CR there is less variation in plasma levodopa levels than with 
SINEMET” (Carbidopa-Levodopa), the conventional formulation, However, SINEMETCR (Carbidopa-Levodopa, Sustained- 
Release) is less systemically bioavailable than SINEME Lanta Levodopa) and rnay eque increased daily doses to achieve 
the same level of symptomatic relief as provided by SINEME (Carbidopa-Levodopa, 

in clinical trials, patients with moderate to severe motor ‘luctuations who received JNEMET CR dia not experience quan- 
litalively significant reductions in ‘oft’ time when compared to SINEMET (Carbidopa-Levodopa). However, global ratings of 
improvement as assessed by both patient and physician were better during therapy with SINEMET CR than with SINEMET 
(Carbidopa:ievadopa). In patients without motor fluctuations, SINEMET CR, under controlled conditions, provided the same 
therapeutic benefit with less frequent dosing when compared to SINEMET (Carbidopa-Levodopa). 

Pyridoxine hydrochloride (vitamin Be), in ofal doses of 10. mg to 25mg, may reverse the effects of levodopa by increasing 
the rate of aromatic amino acid decarboxylation. Carbidopa inhibits this action of pyridoxine. 

Pharmacokinetics Carbidopa reduces the amount of levodopa required to produce a given response by about 75 per- 
centand, when administered with levodopa, increases bot plasma levels and the plasma half-life of levodopa, and decreases 
plasma and urinary dopamine and homovaniliic acid. 

Elimination halt-life of levodopa in the presence of cardidopa is about 1.5 hours. Following SINEMET CR, the apparent 
half-life of levodopa may be prolonged because of continuous absorption. 

in healthy elderly subjects (56-67 years old} the mean time to peak concentration of levodopa after a single dose ot 
SINEMET CR 50-200 was about 2 hours as compared t 0.5 hours after standard SINEMET (Carbidopa-Levodopa), The 
maximum concentration of levodopa alter a single dose of SINEMET CR was about 35% of the standard SINEMET (Carbidopa- 
Levodopa)(t5t vs 3258 ng/mL). The extent of availability of evodopa from SINEMET CRwas about 7075% relativeto intravenous 
levodopa or standard SINEMET (Carbidopa-Levodopa) in the elderly The absolute bioavailability of levodopa from 
SINEMET CR (relative to! V.} in young subjects was shown to be only about 44%, The extent of availability and the peak con- 
centrations of levodopa were comparable in the elderly after a single dose and at steady state after t.i.d. administration of 
SINEMET CR50-200 In elderly subjects, the average trough levels of levodopa at steady state after the CR tablet were about 
2 fold higher than after the standard SINEMET (Carbidopa-Levodopa) (163 vs 74 ng/mL), 

in these studies, using similar total daily doses of levodopa, plasma levodopa concentrations with SINEMET CR fluctu Ps 
ated in a narrower range than with SINEMET (Carbidopa-Levodopa). Because the bioavailability of levodopa from 
SINEMET CR relative to SINEMET (Carbidopa-Levodopa)is approximately 7075% the daily dosage of levodopa necessary 
to produce a given clinical response with the sustained release formulation will usually be higher. 

The extent of availability and peak concentrations of levodopa after a single dose of SINEMET CR 50-200, increased by 
about 50% and 25%, respectively, when administered with food. 


INDICATIONS AND USAGE 

SINEMET CR is indicated in the treatment of the symptoms of idiopathic Parkinson's disease (paralysis agitans), posten- 
cephalitic parkinsonism, and symptomatic parkinsonism which may follow injury to the nervous system by carbon monox- 
ide intoxication and manganese intoxication. 


CONTRAINDICATIONS 
Nonselective MAO inhibitors are contraindicated for use with SINEMET CR. These inhibitors mustbe discontinued atleast 
two weeks prior to initiating therapy with SINEMET CR. SINEMET CR may be administered concomitantly with the manufac- 
turer's recommended dose of an MAO inhibitor with selectivity for MAO type B(eg.. selegiline HCI). 

SINEMET CRis contraindicated in patients with known hypersensitivity to any component of this drug and in patients 
with narrow-angie glaucoma. 

Because levodopa may activate a malignant melanoma, SINEMET CR should not be used in patients with suspicious, 
undiagnosed skin lesions of a history of melanoma. 


WARNINGS 

When patients are receiving levodopa without a decarboxylase inhibitor, levodopa must be discontinued af least eight hours 
before SINEMET CR is started. In order to reduce adverse reactions, itis necessary to individualize therapy. SINEMET CR 
should be substituted ata dosage that will provide approximately 25 percentol the previous levodopa dosage (see DOSAGE 
AND ADMINISTRATION). 

Carbidopa does not decrease adverse reactions due to central effects of levodopa. By permitting more foreach 
the brain, particularly when nausea and vorniting is noi a ganlbire rador certain adverse CNS effects, e.g., dyskinesia, 
will occur at lower dosages and sooner during therapy with SINEMET CR (Carbidopa-Levodopa, Sustained -Release) that) 
with levodopa alone. 

As with levodopa, SINEMET CR may cause involuntary movements and mental disturbances. These reactions are thought 
to be due to increased brain dopamine following administration of levodopa. All patients should be observed carefully for 
the development of depression with concomitant suicidal tendencies. Patients with past or current psychoses should be 
treated with caution. The occurrence of dyskinesias may require dosage reduction. 

Patients receiving SINEMET CR may develop increased dyskinesia compared to SINEMET (Carbidopa-Levadapa). 

SINEMET CR should be administered cautiously to patients with severe cardiovascular or pulmonary disease, bronchial 
asthma, renaj, hepatic or endocrine disease. 






; a 
with a history of peptic acta, 
oo Asymptom peer resembling the neuroleptic malignantsyndrome including muscular rigidity, rosea 
ature; mental , and increased serum creatine phosphokinase has been reported when antiparkinsonian 
withdrawn alos Sud becbeened cael vere dosage o SNEMET CN reduced abel) 
discontinued, especially if the ‘patient i is receiving neuroleptics. 

















PRECAUTIONS 
General As with levodopa, periodic evaluations of hepatic, hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients wit chronic wide angle glaucoma may be treated cautiously with SINEMET CR provided the intraocular, pres- 
‘gure is well controlled and the patient is monitored carefully for changes in intraocular pressure during therapy. 

information for Patients The patient should be informed that SINEMET CRisa sustained-release formulation of carbidopa- 
levodopa which releases these ingredients over a 4 to 6 hour period. Itis important that SINEMET CR be taken at regular 
intervals according to the schedule ‘outlined by the physician. The patient should be cautioned notto change the prescribed 

“dosage regimen and not to add any additional antiparkinson medications, including other carbidopa-levodopa prepara- 
tions, without first consulting the physician. 

{Labnormal involuntary movements appear or get worse during treatment with SINEMET CR, the physician should be 
notified, as dosage adjustment may be necessary. 

Patients should be advised that sometimes the onset of effect of the first morning dose of SINEMET CR may be delayed 
for upto 1 hour compared with the response usually obtained from the first morning dose of SINEMET (Carbidopa-Levodopa). 
The physician should be notified if such delayed responses pose a problem in treatment. 

Patients must be advised that the whole or half tablet should be swallowed without chewing or crushing. 

NOTE: The suggested advice to patients being treated with SINEMET CR is intended to aid in the safe and effective use of 
this medication. It is not a disclosure of all possible adverse or intended effects. 


‘Tests Abnormalities in laboratory tests may include elevations of liver function tests suchas alkaline phospha- 
SGPT (ALT), tactic dehydrogenase, and bilirubin. Utell render ll positive Coombs 
thane Commonly, inona kuore ofbooduroa nitrogen, creatinine, and uric acid are lower during administra- 
preparations than with levodopa. 
ete levodopa preparations may cause a false-positive reaction for urinary ketone bodies when atest tape is used 
for determination of ketonuria, This reaction will not be altered by boiling the urine specimen. False-negative tests may result 
with the use of glucose-oxidase methods of testing for glucosuria. 
interactions Caulion should be exercised when the following drugs are administered concomitantly with 
SINEMET CR (Carbidopa-Levedopa, Sustained-Release). 
Symptomatic postural hypotension has occurred when carbidopa-levodopa preparations were added to the treatment 
of patients receiving some antihypertensive drugs. Therefore, when therapy with SINEMET CR is started, i or 
ped antihypertensive drug may be required. For patients receiving monoamine oxidase inhibitors, see CO! 

There have been rare reports of adverse reactions, including hypertension and dyskinesia, resulting from the concomi- 
tant use of tricyclic antidepressants and carbidopa-levodopa preparations. 

Phenothiazines and butyrophenones may reduce the therapeutic effects of levodopa. in addition, the beneficial effects 
of levodopa in Parkinson's disease have been reported to be reversed by phenytoin and papaverine. Patients taking these 
drugs with SINEMET CR should be carefully observed for loss of therapeutic response. 

Carcinogenesis, bien ar Impairment of Fertility in a two-year bioassay of SINEMET (Carbidopa-Levodopa), 
no evidence of caronogenicty was found in rats receiving doses of approximately two times the maximum daily human 
dose of carbidopa and four times mi maximum daily human dose a evadopa {equivalent to 8 SINEMET CR tablets). 

in reproduction studies with SINEMET (Carbidopa-Levodopa), no effects on fertility were found in rats receiving deses 
ol otapproximatey two times the maximum dail al dose of carbidopa and four times the maximum daily human dose 

.« of levodopa (equivalent to 8 SINEMET CR tal 
nancy renee Category C. No teratogenic eae were observed in a study in mice receiving up to 20 times the 
maxi spelt dhe human di oleae ete papal drae alephe a 
‘ reste by rats receiving approximately two times oo at aea ppc human dose of carbidopa and 
five times the maximum recommended human dose of levodopa during g organogenesis, S SINEMET Cartidopa. 
ibe }) caused both visceral and skeletal malformations in rabbits at all doses an OaE ead 
which ranged from 10 timesis times the maximum recommended human dose of carbidopa/levodopa to 20 times/10 times 
the maximum recommended human dose of So ot carbidopahevodopa. 
‘There are no adequate or well-controlled studies in pregnant women. Use of SINEMET CR in women of childbearing potential 
requirés that the anticipated benefits of the drug be weighed against possible hazards to mother and child. 
Nursing Mothers it is not known whether this drug is excreted in human milk. Because many drugs are excreted in human 
milk, caution should be exercised when SINEMET CR is administered to a nursing mother. 
Pediatric Use Saiety and effectiveness in infants and children have not been established, and use of the drug in patients 
below the age of 18 is not recommended. 


ADVERSE REACTIONS 
Incontrolied clinical rials, patients predominantly with moderate to severe motor fluctuations, while on SINEMET (Carbidepa- 
Levodopa) were randomized to erary wina her SINEMET Darbidopa Levodopa) or SINEMET CR. The adverse experience 
fequeney profile of SINEMET CR did not differ substantially from that of SINEMET (Carbidopa-Levodopa), as shown in 


















Table 1 Clinical Adverse Experiences Occurring in 1% or Greater of Patients 


SINEMETCR SINEMET SINEMETCR SINEMET 
(Carbidopa: 








{Carbidopa- 7 
Levodopa) ) 
n=491 n=524 n=491 n=524 
Adverse Experience % % Adverse Experience % % 
16.5 122 Back Pain 16 06 
5.5 57 Dry Mouth 14 11 
39 32 Anorexia 12 {i 
37 2.3 Diarrhea 12 06 
s 29 23 Insomnia 12 10 
Depression 22 1.3 Orthostatic ee 10 14 
‘Urinary Tract infection 22 23 Shoulder Pa 1.0 0.6 
“Headache 2.0 19 Chest Pain 1.0 08 
Dream Abnormalities 18 08 Muscle Cramps 0.8 10 
ni 18 08 Paresthesia 08 1 
18 19 Urinary Frequency 08 14 
18 1.0 0.6 11 
Dyspnea 16 04 0.2 15 
Off Phenomena 16 WW 
Abnormal laboratory findings occurring at a frequency of 1% or greater in approximately 443 patients who received 
pecan CRand 475 who received SINEMET (Carbidopa-Levodepa) during controlled clinical trials included: decreased 


hemoglobin and hematocrit; elevated serum glucose; white blood cells, bacteria and biocd in the urine. 
The experiences observed in patients in uncontrolled studies were similar to those seen in controlled clinical stucies. 


Other adverse experiences reported overall in clinical trials in 748 patients treated with SINEMET CR, listed by body system 
in order of decreasing frequency, include: 
Nervous System/Psychiatric: Chorea, somnolence, falling, anxiety disorder, disorientation, decreased mental acuity, gait 
abnormalities, extrapyramidal disorder, agitation, nervousness, sleep disorders, memory impairment. 
Bodyasa Whole: Asthenia, fatigue, abdominal nal pain, o orthostatic effects. 
Digestive: Gastrointestinal pain, dysphagia, hearth 
Cardiovascular: Palpitation, essential hypertension. Typotension, myocardial infarction. 
Specia! Senses; Blurred vision. 
Metabole \ Weight loss, : 
in: Ras} 
Respiratory: Cough, pharyngeal pain, common cold. 
: Loner Urinary vg 
lusculosnelelal: 


: itty Bst Tests: Dertoased white blood celf count and serum potassium; increased BUN, serum creatinine and serum 
“LDH: pn 7 ar glucosa in fhe urhe 
Giner aeree experiences have been reported with various cabidopa-tevodopa formulations and may occur with 


Nervous System/Psychiatric: Mental changes including paranoid ideation, psychotic episodes, Seran wan scoa 
tendencies and dementia; convulsions (however, pete relationship has not been established); bradykinelic episodes. 


Gastrointestinal: Gastrointestinal bleed 
Cardiovascular: Cardiac irregularities, phi 
Hematologic: Hemolytic and nonhemolytic anemia, throm! 
Laboratory Tests: Abnormalities in alkaline phosphatase, SGOT ( 
bound iodine, Coombs test. 

Other adverse reactions that have been seported with levodopa are: 
Nervous System: Numbness, increased hand tremor, muscle twitchi 
sign of excess dosage, consideration of dosage reduction may be 


drome. 
Foychialne: Delusions, euphoria. 
Gastrointestinal: Bitter taste, sialorrhea, bruxism, hiccups, flatulence, burning sensation of tongue. 
Metabolic: Weight in, edema. 
Integumentary: nantmelanoma (seealso CONTRAINDICATIONS), flushing, increased sweating, dark sweat, loss of hair. 
Genitourinary: Urinary retention, urinary incontinence, dark urine, priapism 
Miscellaneous: Faintness, hoarseness, malaise, hot flashes, sense of stimulation, bizarre breathing pattems, neuroleptic 
malignant syndrome, 


development of duodenal ulcer : 
nia, leukopenta: agranulocytosis: a 
SGPT acie dehydrogenase bilirubin, protein- 
, blepharospasm (which may be taken as an 

Pring ihi Dahri 


SAGE 
Management of acute overdosage with SINEMET CR is the same as with levodopa. Pyridoxine is not effective in reversing. - 
the actions of SINEMET CR. 
General supportive measures shouid ee al along with immediate gastric Intravenous fluids should be 
monitoring should be instituted a 
of arrhythmias; if requi 


acministered judiciously and an adequate airway maintained. Electrocard 
appropria te antiarrhythmic therapy sho! 
eaen ble ete a bert Maragy Soulg 


the patient carefully observed for the 
be given. The possibility that the patient may 
tion. To date, no experience has been hence, its value in overdosage is not known, 

Based on studies in which high doses of levodopa and/or carbidopa were administer , a significant proportion of rats 
and mice given Sne oral doses of levodopa of approximately 1500-2000 mg/kg are expected to die. A significant propor- 
tion of infant rats boti senes ara expecta io tie at a dose ol B00 molio. A significant proportion of rats are expected to 
die after treatment with similar doses of carbidopa. The addition of carbidopa in a 1:10 ratio with levodopa increases the 
dose at which a significant proportion of mice are expected to ede to 3360 mg/kg. 


DOSAGE AND ADMINISTRATION 
SINEMET CRtablets contain carbidopa(50 mg)and levodopa(200mg)ina 1:4 ratio. oad ened SINEMET CRmust 
be determined by careful titration. Patients should be monitored closely during the dose adj period, particularly 
with regard to appearance or worsening of involuntary movements, dyskinesias or nausea. SINI CRimaybeadministered 
as whole o z ran ue which anod nnie chawod or crushed. REEE i 

Standard drugs for Parkinson's disease, other than levodopa without a decarborylase in may oncom! 
tantly while SINEMET CR is being administered, although their dosage may be adjusted. 

Since carbidopa prevents the reversal of levodopa effects caused by aera SINEMET CR can be given to patients 
receiving supplemental pyridoxine (vitamin Be). 
Initial Dosage Patients currently treated with conventional carbidopa-levodopa preparations: Dosage with SINEMET CR 
should be substituted at an amount that provides approximately m» more levodopa per er day ita this a maaned 
be increased to a dosage that provides up to 30% more levodopa E 
AND ADMINISTRATION, TITRATION). The interval between an SISIN CR sho should be4-8 Harpe het 
day. (See CLINICAL PHARMACO! f, Pharmacodynamics). 

A guideline for initiation of SINEMET CR is shown in Table I. 


TABLE {l Caa et 
Or bah Dee” Daily Dose” ype ‘a Siete Teens Regimen : 


Guidelines for 
initial Conversion 
1 tab bid. 
12 tab bid. or 1 tab tid, 


from SINEMET 300-400 
[aoran 
total of 4 tabs in 3 or more divided doses 
(eg. Poy +2 tab early p.m., and 1 tab later p.m.) 
A total of 5 tabs in 3 or more divided doses 
(eg., 2 tabs a.m., 2 tabs early p.m., eee 


Levodo 

to SINEMET CR 
“For dosing ranges not shown in the table see DOSAGE AND ADMINISTRATION, Initial Dosage—Patients 

teated with conventional carbidopa-levodopa preparations. 
Patients currently treated with levodopa withouta decarboxylase inhibitor. be discontinued atleast eight hours 
before therapy with SINEMET CRis started. SINEMET asebi eda age pra 
ee on the epes levodopa dosage. In patients with mild to moderate mye the initial dose is 1 tablet of 
Patients not receiving levodopa: in patients with mild to moderate disease, the initial recommended dose is 1 tablet of 

SINEMET CR bid. initial dosage should not be given at intervals of less than 6 hours. 
Titration Following initiation oe mahe neeased or decreased depending upon ther- 
apeutic response. Most patients have been adequately treated with 2 to 8 tablets per day, administered as divided doses 
atintervals ranging from 4 to 8 hours during the waking day. Higher doses (12 or Tors Fils per day) and shore Wheres 
ey eh bee ly but are not fecomm 

When doses doses of SINEMET CR are given at intervals of less than 4 hours, and/or if the divided doses are not equal, itis 
recommended that the smaller doses be given at the end of the day. 

ace ee a sol ol tt 
Maintenance Because Parkinson's disease is progressive, periodic clinical evaluations are recommended; adjustment 
of the dosage regimen of SINEMET CR may be required. 
Addition of Other Antiparkinson Medications Anticholinergic bee copam: nists, and amantadine can be 
given with SINEMET CR. Dosage adjustment of SINEMET CR may be necessary whi agents are added. 

Adose of SINEMET ( bers Levodopa)25- +00 or 10-10 (oneal ora whole tabiel) canbe added the dosage reg- 
men sh SINEMET CRin selected patients with advanced disease who need additional levodopa for a brief time during day- 

me hours. 

Interruption of Therapy Patients should be observed caretully if abrupt reduction or discontinuation of SINEMET CR is 
required, especially if the patient is r eceng neuroleptics. (See WARNIN 

if general anesthesia is required, SINEMET CR ma continued as sagas the patient is permitted to take oral medica- 
ton. Miene interrupted temporarily, the usual dosage shouid be administered as soon as the patient is able to take 
oral medica 


















HOW SUPPLIED 
SINEMET CR 50-200 (Carbidopa-Levodopa) SUSTAINED-RELEASE TABLETS containing 50mg of carbidopa and rai 
of levodopa, are peach-colored, oval, scored, biconvex, compressed tablets, coded 521. They are supplied as fol 

NDC 0056-0521-68 bottles of 100 

NDC 0056-0521-28 unit dose packages of 100. 


Storage Avoid temperatures above 30°C (86°F). Store in a tightly closed container. 
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‘Sappume 
FIMGIEP FOR THE 90S FROM TECA 





in the 90's two seemingly disparate terms - advanced 
technology and affordability- were linked when TECA 
announced the Sapphire line of portable EMG/EP instruments. 
Sapphire delivers all the advantages of modern technology 
with pricing that is realistic in today’s economic environment. 


@ Superfast real-time EMG @ 16 programmable tests 

@ 1 or 2 channels @ High resolution 12 bit A/D Me 
B EP stims @ Trace annotation 

@ Automatic NCV studies @ Disk drive and reporting 

@ 10 seconds of EMG memory Æ Fast thermal printout 


@ Trigger and delay line 


The Sapphire range is available from a single channel EMG 
instrument, to a full function EMG with Evoked Potentials. 
All routine tests are performed at the push of a button. 


TECA Corporation, in the forefront with innovative 
instrumentation and a reputation for quality and service 
for over 40 years. 


For more information call 1 800 GET-TECA Ext. 102 


TECA V Mime 


3 Campus Drive, PLEASANTVILLE, NY 10570 
800 GET-TECA Fax: 914/769-9045 
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we can make a difference: 


Dr. Kenneth A. Haller, Pediatrician, East St. Louis, Illinois, Member, American Medical Association 
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attached postage-paid card or call our toll-free number 
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upholds the highest. ic s of medicine. He is also a i : se 
memb j ical Association (AMA). American Medical Association 


of Me dic al E thic S of the Physicians dedicated to the health of America 


In one of the nation’s poorest communities, Dr. 
Kenneth Haller is working not only to save children’s 
but to bring dignity to the lives F their par ents. 
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ume number, and (6) inclusive page numbers, in that order. Refer- 
ences to books should include (1) author(s) (list all authors and/or 
editors up to six; if more than six, list the first three and “et al”), 
(2) chapter title (if any), (3) editor (if any), (4) title of book, (5) city 
of publication, (6) publisher, and (7) year. Volume and edition 
numbers, specific pages, and name of translator should be included 


when appropriate. The author is responsible for the accuracy and com- © 


pleteness of the references and for their correct text citation. 


SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (See June 1986 issue of the 
ARCHIVES.) 


illustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 em (5 X 7 in). 

Template lettering or preset type is preferred to hand-lettered 
labels. If halftone artwork with labels is submitted, affix type and 
leaders to a clear acetate overlay registered to the base drawing. 
Labels and leaders should be applied directly to the drawing board 
surface if the artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (85 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 

Legends.—Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 

Photographic Consents.— A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 

Acknowledgments.—Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s), month, and year. The publisher’s permission to reprint 
should be submitted to the ARCHIVES after the manuscript has 
been formally accepted. 

Statistical Review.—Manuscripts containing statistical evalua- 
tions should include the name and affiliation of the statistical 
reviewer. 

Tables.—Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 x 27.9-em (8% X 1l-in) 
paper. Do not use larger size paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each table must 
have a title. 
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: A Now you have the opportunity to keep track of research 
7 l | I IPLE in progress on multiple sclerosis through the Multiple 
poe. s Sclerosis Research Projects database! 
oo es Brought to you by BIOSIS, the world’s largest life science 
p database producer and publisher of Biological 
R Abstracts®, and the international Federation of Multiple 


Sclerosis Societies, Multiple Sclerosis Research Projects is 
i the definitive, single source for information of this kind. 


Multiple Sclerosis Research Projects helps you access 


summary information on basic research currently under 
way on multiple sclerosis, including clinical, rehabilita- 


tive, social studies, and other fields. Multiple Sclerosis 

= Research Projects references also list the source and 

ren cas “aie : : length of the research grant, as well as the name and 

_ | Available Online Exclusively on the address of the researcher — a real plus when you need 
Life Science Network™. to communicate directly with your colleagues! 


For more information on Multiple Sclerosis Research 
Projects and the Life Science Network, contact the 
BIOSIS Marketing Department AN991MS, 2100 Arch 
Street, Philadelphia, PA 19103-1399 USA. Or call toll 
free 1-800-523-4806 (USA except PA); (215) 587-4800 
(worldwide); Fax (215) 587-2016. 
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Information for Today’s Decisions and Discoveries BIOSIS is a registered trademark of Biological Abstracts, Inc. 
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x A evolution has led EEG—to 
improved technology that 


Now you can see more 
than ever before. 
CEEGRAPH« Digital EEG. 












helps your lab realize its full 
diagnostic testing potential. Introduc- 
ing CEEGRAPH, the evolution of EEG. 
CEEGRAPH is the high-resolution, 
digital system that offers everything you 


Advanced capabilities. Enhanced 
l expect from traditional EEG, and more. Now 


analysis. All without changing 


your procedures. Thats where you can remontage previously acquired EEG tracings 


























to localize events that occurred during testing. 


Change paper speeds after the fact 
to enhance characteristics of the trac- 
ing. Immediately access any area 
of interest. Plus, easily obtain your 
patients brief history. 

CEEGRAPH. Join the evolution 
and bring your lab into a new world 
of possibilities. 





Changing the way you look 
at EEG doesn’t mean changing 
the way EEG looks. 


Evolution in technology 







doesn’t mean a revolution 
in the way you work. 
CEEGRAPH brings you 
advanced capabilities, with- 
out changing your proce- 
dures. A simple click ora 
keystroke puts you in alinio and lets you see every- 
thing you want to see. 

And CEEGRAPH reduces your 
operating budget with cost-effective 
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EEG storage. Optical disks, removable hard disk 
cartridges or videocassettes store 
data to minimize paper and ink usage. 


Invest in the future. 


Don't get left behind. If you're looking 
to replace or add an EEG system, you 
owe it to your lab to see a demonstra- 
tion of CEEGRAPH. From individual 


components that work with your existing EEG 
instrument to a complete digital system, CEEGRAPH 
grows with your lab to enhance your capabilities. 
And CEEGRAPH offers you the opportunity to 
totally integrate your entire electrodiagnostic 
laboratory, from EP and 
EMG to brain mapping 
and polysomnography. 
Start the evolution in 
your lab today—get the 
facts on CEEGRAPH. Call 1-800-323-8326* 
and we'll immediately FAX you a 
report of CEEGRAPH’S 
features and benefits. 





unique 


CEEGRAPH. See the evolution. 


*in Hlinois and outside the LS., call 1-708-949-3200, ext. 700. ©1991] Bio-logic Systems Corn. 
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Sept 12-15 


29 


Oct 6-12 
8-12 


13-17 


14-19 


17-20 


24-27 


27-30 


27-Nov 1 





CALENDAR OF MEETINGS 


65th Annual Meeting of the American Thyroid Association, Hyatt Regency Hotel, Boston, Mass. 
Contact Leonard Wartofsky, MD, Secretary, American Thyroid Association, Endocrine-Metabolic 
Service, Walter Reed Army Medical Center, Washington, DC 20307-5001; (301) 588-5432. 

Eighth Annual Ocular Motor Symposium of the Clinical Eye Movement Society, Seattle, Wash. 
Contact Stephen E. Thurston, Department of Neurology, Geisinger Clinic, Danville, PA 17821; (717) 
271-6278. 

Eighth Pan-American Congress of Neurology, Montevideo, Uruguay. Contact Carlos Chouza, MD, 
Congresos SRL, Juncal 1305, Office 1202, 11000 Montevideo, Uruguay. 

Fifth Annual Meeting of the Pew Neuroscience Program, Ritz Carlton Hotel, Laguna Nigel, Calif. 
Contact Pew Neuroscience, Meyer 6-109, 600 N Wolfe St, Baltimore, MD 21205; (301) 955-4504. 
Annual Conference of the International Federation of Multiple Sclerosis Societies, Amsterdam, the 
Netherlands. Contact C. H. Polman, MD, c/o Free University Hospital, Department of Neurology, PO 
Box 7057, 1007 MB Amsterdam, the Netherlands. 

49th International Epilepsy Congress, Rio de Janeiro, Brazil. Contact Congress Secretariat, Rua do 
Ouvidor 60; Grupo 414, 20040 Rio de Janeiro, Brazil. 

25th Annual Meeting of the American Medical Electroencephalographic Association, Radisson Plaza 
Hotel, Minneapolis; Minn. Contact American Medical Electroencephalographic Association, 850 Elm 
Grove Rd, Elm Grove, W! 53122; (414) 797-7800. 

Ninth Annual Advanced Neuroradiology Seminar, Hyatt Regency Grand Cypress Resort, Orlando, 
Fla. Contact Agnes L. Bridges, The Tampa General Hospital, Davis Islands, PO Box 1289, Tampa, 
FL 33601; (813) 251-7778. 

10th International Symposium on Parkinsons Disease, Tokyo, Japan. Contact 10th International 
Symposium on Parkinson's Disease, c/o Japan Convention Services, Nippon Press Center Bldg 4F, 
2-2-1 Uchisaiwai-cho, Chiyoda-ku, Tokyo 100, Japan. 

Third International Congress of the International Society of Neuroimmunology, Jerusalem, Israel. 
Contact ‘Secretary, International Society of Neuroimmunology, PO Box 50006, 61500 Tel Aviv, 
Israel. 
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, There Are Many Words To Describe The Pain. 


STABBING 
PENETRATING 
a 
JABBING 


SHOOTING 
UNBEARABLE 









; PIERCING 
RIPPING 
EARING 

And One For Treating It. 





Zostrix 


(Capsaicin0.025% wiw)Cream 


When patients describe the "hurt" of postherpetic neuralgia (PHN), they 
e use a wide range of words to describe a pain thatis often intractable and 
ee difficult to treat. Zostrix® (Capsaicin 0.025% w/w) Cream provides an 
effective topical treatment that alleviates intense pain in most PHN patients. 


Topical Zostrix Works Where It Hurts 






Capsaicin 0.025% wh) Cream 


Topical Analgesic 


TARGETED ACTION 

Acts on sensory nerves at site of application by selectively 
depleting substance P, a chemomediator of pain impulses 
along neuropathways. 


EFFECTIVE 

Alleviates the intense pain associated with postherpetic 
neuralgia in most patients. May also benefit patients when 
added to existing systemic drug regimens. 


SAFE 
No known interactions with systemic medications commonly 
prescribed for geriatric patients. 


Topical Zostrix Works Where It Hurts 








DESCRIPTION 

Zostrix Cream contains capsaicin, 6.025% w/w, in an emollient base containing benzyl 
alcohol, cety! alcohol, glyceryl monostearate, isopropy! myristate, polyoxyethylene stearate 
blend, purified water, sorbitol solution and while petrolatum. Capsaicin is a naturally 
occurring substance derived from plants of the Solanaceae family with the chemical name 
trans-8-methy!-N-vanilly-6-nonenamide. Capsaicin is a white crystalline powder with a 
molecular weight of 305.4. Itis practically insoluble in water but very soluble in alcohol, ether 
and chioroform 


ACTION 

Although the precise mechanism of action of capsaicin is not fully understood, current 
evidence suggests that capsaicin renders skin and joints insensitive to pain by depleting 
and preventing reaccumuiation of substance P in peripheral sensory neurons. Substance 
P is thought to be the principal chemomediator of pain impulses from the periphery to the 
central nervous system. In addition, substance P has been shown to be released into joint 
tissues and activate inflammatory mediators involved with the pathogenesis of rheumatoid 
arthritis 


INDICATION 

Zostrix is indicated for the temporary relief of peripheral neuraigias such as the pain 
following shingles (herpes zoster}. Zostrix is also indicated for the temporary relief of the 
pain associated with rheumatoid arthritis and osteoarthritis 


WARNINGS 

FOR EXTERNAL USE ONLY. Avoid contact with eyes and broken or irritated skin, Do not 
bandage tightly. If condition worsens, or does not improve after 28 days, discontinue use 
of this product and consult your physician. Keep this and all drugs out of the reach 
of children. in case of accidental ingestion, seek professional assistance or contact a 
Poison Control Center immediately 


DIRECTIONS 

Adults and children 2 years of age andoider: Apply Zostrix to affected area 3 to 4 times daily. 

Transient burning may occur upon application. but usually disappears in 72 hours, 

Application schedules of less than 3 to 4 times a day may not provide optimum pain relief 

ae the burning sensation may persist. Wash hands immediately after applying 
ostrix. 


HOW SUPPLIED 
1.5 oz tube (NDC 52761-552-45) Store at room temperature. 
3.0 oz tube (NDC 52761-552-85} US. Patent Nos. 4486450 and 5536404 








GenDerm Corporation GENDERM: kn oll 


Lincolnshire, IL 60069 


BASF Group 
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pergolidey mesylate 


pa 
An adjunct to levodopa/carbidopa treatment 
in the management of patients 
with Parkinson’ disease 

i 











a Pergolide 

© Levodopa/carbidopa - 

oo @ Dopamine held in vesicle.” @ D, receptor 

i @ Presynaptic neuron > © Dreceptor - 
© Postsynaptic neuron + s > 
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PER 


pergolide& mesylate 
An added dimension 

in the treatment of 
Parkinson's disease 


An adjunct to levodopa/carbidopa 

in the management of patients with 

Parkinson’s disease 

@ The first dopamine agonist indicated for 
Parkinson’s disease with activity at both 
D; and D: receptors 








@ 10 to 1,000 times more potent than bromo- 
criptine on a milligram-per-milligram basis 


@ Improves patients’ functioning in activities 
of daily living, relieves signs and symptoms, 
and reduces “off” time 


@ = May allow a significant reduction in 
levodopa dosage 


@ Most common adverse events were dyskinesia, 
nausea, dizziness, and hallucinations 


@ Hypotension may occur, especially early in 
the course of therapy 


Stepwise titration without regard to meals 


Available in 0.05-mg, 0.25-mg, and I-mg 
scored tablets 


Permax performs 








drusts conception of dopamine aqoresi in the synapse 


Ser adjacent page for prescribing auor nition 


Permax’ 


pergohde mesylate 


Briet Summary. Consult the package insert for complete prescribing 
information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/carhidopa in the management of the signs and symptoms of Parkin- 
son's disease 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
man adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to levodopa’ 
carbidopa as manifested by moderate to severe dyskinesia and/or on-off phe- 
nomena. On average, the sample of patients evaluated had been on levodopa’ 
carbidopa for 3.9 years (range. two days to 16 8 years) The administration of 
pergolide mesylate permitted a 5% to 30% reduction in the daily dose of 
levodopa. On average. these patients treated with pergohde mesylate mam- 
tained an equivalent or better clirucal status Ihan they exhibited at baseline 


Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug o! other ergot derivatives 


Warnings: Symptomatic Hypotension —in clinical trials, approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension. 
especially during intial treatment. With gradual dosage Utranon. tolerance to 
the hypotension usually develops. itis, therefore, important to warn patients of 
the risk. ta begin therapy with low doses. and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks 

Hallucinesis -in controlled trials, pergolide mesylate with levodopa caused 
hatlucinasis m about 14% of patients as opposed to 3% taking piacebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled, tolerance to this untoward effect was not 
observed 

Fatalities -in the placebo-controtied trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate, Ofthe 2,299 patients treated with pergolide mesylate in premarketing 
studies evaluated as of October 1988. 143 died while on the drug or shortly 
atter discontinuing the drug. The patient population under evaluation was 
elderly. if}, and at high risk for death it seems unlikely that pergolide mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty. 

in particular, a case-by-case review of the clinical course of the patients who 
died farted to disctose any unique set of signs, symptoms. or laboratory results 
that would suggest that treatment with pergolide caused their deaths. Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over. No 
death (other than a suicide) occurred within the first month of treatment, most 
of the patients who died had been on pergolide for years A relative frequency ot 
the causes of death by organ system are: pulmonary failure/pneumoma, 35% 
cardiovascular, 30%: cancer, 11%. unknown, 8.4%: infection, 3 5%. extrapyra- 
midal syndrome. 3.5%. stroke. 2 1%. dysphagia, 2.1%. injury, 1 4%. suicide 
1 4%: dehydration, 0 7%: glomerulonephritis, 0 7% 


Precautions: Genera! ~ Caution should be exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmas 

in a study comparing pergolide mesyiate and placebo, patients taking 
pergolide mesylate were found to have significantly more episodes of atrial 
premature contractions (APCs) and sinus tachycardia. 

The use of pergolide mesylate m patients on levodopa may cause and/or 
exacerbate preexisting slates of confuston and haltucinations isee Warnings} 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of halucina- 
tions and contusion: these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible. even it 
the patient is to remain on levodopa 

The administration of pergolide mesylate to patients receiving levodopa May 
cause and/or exacerbate preexisting dyskinesia 

Information tor Patients ~Patients and thew families shouta be informed ot 
the common adverse consequences of the use of pergoiide mesylate (see 
Adverse Reactions) and the risk of hypotension {see Warnings} 

Patients should be advised to notify thei physician if they become pregnant 
or intend to become pregnant during therapy 

Patients should be advised to notity their physician if they are breast feeding 
aninfant 

Laboratory Tests ~No specitic laboratory tests are deemed essential for the 
management of patients on Permax Periodic routine evaluation of ail patents 
however, ıs appropriate 

Drug interactions -Dopamine antagonists, such as the neuroleptics iphe- 
nothiazines, bulyrophenones, thoxanthines} or metoclopramide. ordinanly 
should not be administered concurrently with Permax (a dopamine 
agonist); these agents may diminish the effectiveness of Permax 

Because pergotide mesylate is approximately 90% associated with plasma 
proteins. caution should be exercised tf pergolide mesylate 1s coadministered 
with other drugs known to affect protein binding 

Carcinogenesis, Mutagenesis, and Impairment ot Fertility ~A \wo-yeat 
carcinogenicity study was conducted in mice using dietary teveis of pergolide 
mesylate equivalent to oral doses of 0 6.3 7 and 36.4 mg/kg/day in males and 
0.6. 44. and 40.8 mg/kg/day in temaies A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0.04 0 18. and 0.88 

kg’day in males and 0 05, 0 28, and 1 42 mg’kg/day in females The 
highest doses tested in the mice and rats were approximately 340 and 12 umes 
the maximum numan orai dose admustered m controlled clinical tnals (6 mg 
day equivalent to 0 12 mg/kg day) 

A tow incidence of uterine neoplasms accurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen/progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibsting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known Correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk. there are 
no human data to substantiate this conclusion 

Pergolide mesylate was evaluated for mutagenic potentiat in a battery of 
tests that included an Ames bacteriai mutation assay, a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in Done marrow celis of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
celi-poirt-mutation assay using 15178Y cells only after metabolic activation 

with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay The relevance of these findings to 
humans 1s Unknown. 

A fertility study in male and temale mice showed that fertility was maintained 
al 0.6 and 1 7 mg/kg/day but decreased at 5 6 mg/kg/day. Prolactin has beer 
reported to be involved in stimulating and maintaining progesterone levels 
required for implantation in mice and. therefore, the impaired fertility at high 
dose may occur because of depressed prolactin levels 

Usage in Pregnancy -Pregnancy Category B —Reproduction studies were 
conducted in mice at doses of 5. 16, and 45 mg/kg/day and in rabbits at doses 
of 2.6. and 16 mg'kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in can- 
trolled chnical trials. inthese studies, there was no evidence of harmto the fetus 
due to pergatide mesylate 








Permax (pergolide mesylate, Lilly) 


PR-9002-2 149308 © 1991. ELi LILLY AND COMPANY 


There are, however, no adequate and well-controlled studies in pregnant 
‘women. Among women who received pergolide mesylate for endocrine disor- 
ders in premarketing studies, there were 33 pregnancies thal resulted inhealthy 
babies and four pregnancies that resulted in congenitai abnormatities (two 
Major, two minor}, a causal relationship has not been established. Because 
human data are limited and because animat reproduction studies are not 
always predictive of humar response. this drug should be used during preg- 
nancy only if clearly needed 

Nursing Mothers ~il is not known whether this drug is excreted in human 
miik. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs ate excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesyiate in 
nursing infants. a decision should be made whether to discontinue nursing or to 
continue the drug. taking into account the importance of the drug to the 
mother 

Pediatric Use --Satety and effectiveness in children have not been estab- 
ished 


Adverse Reactions: Commonly Observed —in premarketing clinical triats, the 
most commonly observed adverse events associated with use of pergolide 
mesyiate which were not seen at an equivalent incidence among placebo- 
treated patients were nervous system complaints. including dyskinesia, hallu- 
Cinations. somnolence, insomnia. digestive complaints. including nausea 
constipation, diarrhea. dyspepsia, anc respiratory system complaints. mclud- 
ing rhinitis 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) of approximately 1,200 patients receiving pergolide mesylate for treat- 
mentof Parkinson's disease in premarketing clinical triais nthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
causing discontinuation were related tc the nervous system {15 5%}. primarily 
hallucinations (7 8%} and contusion (1.8%) 

Fatalities - See Warnings 

Incidence ta Controlled Clinical Tats —The table that foliows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate whe participated in the premarketing contratied chn- 
iCal trials Comparing pergolide mesylate with placebo In a double-blind, con- 
trolled study of six months’ duration. patients with Parkinson's disease were 
continued on fevodopa/carbidopa end were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy 

The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medica! practice where 
patient characteristics and other factors differ trom those which prevailed 
in the clinical trials. Similarly, the cited trequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments. uses. and investigators. The cited figures. however, do provide the pre- 
scribing physician with some basis tor estimating the relative contribution of 
drug and nondrug factors to the side-effect incidence rate in the population 
studied 


incidence of Treatment-Emergent Adverse 
Experiences in the Placebe-Controtied Clinical Trial 
Percentage of Patients Reporting Events 


Pergolide Mesylate Placebo 
N= 189 N= 187 





Body System 
Adverse Event’ 


Body as a Whole 
Pain 
Abdominal pain 
injury. accident 
Headache 
Asthenia 
Chest pain 
Fiu syndrome 
Neck pain 
Back pain 
Surgical procedure 
Chills 
Face edema 
infection 

Cardiovascular 


Postural hypotension 
Vasoditatation 
Palpitation 
Hypotension 
Syncope 
Hypertension 
Arrhythmia 
Myocardial infarction 


Digestive 
Nausea 4 
Constipation 0 
Diarrhea 6 

Dyspepsia 6 

4 
3 
2 
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Anorexia 
Dry mouth 
Vomiting 
Hemic and Lymphatic 
Anemia FF <1 
Metabolic and Nutritionai 


Peripheral edema 

Edema 1 

Weight gain 4 
Musculoskeletai 

Anthraigia 1 

Bursitis + 

Myalgia 1 

Twrtching 1 
Nervous System 

Dyskinesia 

Dizziness 

Hallucinations 

Dystonia 

Contusion 

Somnolence 

insomma 

Anxiety 

Tremor 

Depression 

Abnorma! dreams 

Personality disorder 

Psychosis 

Abnormai gait 

Akathisia 

Extrapyramidal syndrome 

incoordination 

Paresthesia 

Akinesia 

Hypertonia 

Neuralgia 

Speech disorder 
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Permax“ (pergolide mesylate. Lilly} 


incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controited Clinical Trial 
Percentage of Patients Reporting Events 


Body System’ Pergolide Mesylate Placebo 
Adverse Event" N= 189 N= 187 


Respiratory System 
Rhinitis 22 
Dyspnea 48 
16 

A 








Epistaxs 
Hiccup 
Skin and Appendages 
Rash 3.2 2 
Sweating 24 2 
Speciai Senses 
Abnormal vision 58 
Diplopia 24 
Taste perversion 16 
Eye disorder 11 
Urogenital System: 
Urinary frequency 27 
Urinary tract infection 27 
Hematuria 11 


4 
7 





“Events reported by at least 1% of patients receiving pergolide mesylate are 
included 


Events Observed During the Premarketing Evaluation of Permax —This sec- 
hon reports event frequencies evaluated as ot October 1988 for adverse events 
ocurring in a group of approximately 1.800 patients who took multiple doses ot 
pergolide mesylate. The conditions and duration of exposure to pergodgde 
mesylate varied greatly, involving well-controfied studies as well as experience 
in open and uncontrolled clinical settings. in the absence of appropriate con- 
trols in some of the studies, a causal relationship between these events and 
treatment with percolide mesylate cannot be determined 

The following enumeration by organ system describes events in terms of 
their relative frequency of reporting in the data base. Events of major clinical 
importance are also described in the Warnings and Precautions sections. 

he tollowing detinitions of frequency are used: frequent adverse events are 
defined as those occurring in at least 1/100 patients, intrequent adverse events 
are those occurring in 1/100 to 1/1.000 patients: rare events are those occur- 
mg in fewer than 1) 1.000 patients. 

jody as a Whole — Frequent: headache. asthenia, accidental injury, abdom- 
inal pain, chest pain. back pain, flu syndrome. neck pain, fever, /nfrequent: 
facial edema. chilis, entarged abdomen, malaise, neoplasm, hernia, pelvic 
pain, sepsis, cellulit:s. moniiasis, abscess. jaw pain, hypothermia: Rare: acute 
abdomina syndrome. LE syndrome 

Cardiovascular System - Frequent postural hypotension, syncope, hyper- 
tension, palpitations. vasodilatations, congestive heart failure: Infrequent 
myocardial infarction. tachycardia. heart arrest, abnormal electrocardiagram, 
angina pectoris. thrombophlebitis, bradycardia. ventricular extrasystoles, 
cerebrovascular accident. ventricular tachycardia, cerebral ischemia, atrial 
fibrillation, varicose vein, pulmonary embolus, AV block. shock: 
Rare. vasculitis. pulmonary hypertension, pericarditis, migraine, heart block, 
cerebral hemorrhage 

Digestive System - Frequent: nausea. vomiting. dyspepsia. diarrhea, con- 
stipation. dry mouth. dysphagia, infrequent tlatulence, abnormal liver function 
tests, increased appetite, salivary gland enlargement. thirst, gastroente ie 
gastritis, periodontal abscess, intestinal obstruction, nausea and voOMItING, 
gingivitis, esophagitss. cholelithiasis. tooth caries, hepatitis, stomach uicer, 
melena. hepatomegaly. hematemesis. eructation, Rare’ sialadenitis, peptic 
ulcer, pancreatitis. jaundice, glossitis. fecal incontinence, duodenitis. colitis. 
cholecystitis, aphthous stomatitis, esophageal uicer. 

Endocrine System - infrequent: hypothyroidism, adenoma, diabetes melli- 
tus. ADH inappropriate, Rare: endocrine disorder. thyroid adenoma 

Hemic and Lymphatic System ~ Frequent: anemia: Infrequent: leukopenia, 
lymphadenopathy. leukocytosis. thrombocytopenia, petechia, megaloblastic 
anemia, cyanosis, Rare. purpura, lymphocytosis. eosinophilia, thrombo- 
cythema. acute amo leukemia, polycythemia, splenomegaly 

Metabolic and Nutritional System -Frequent peripheral edema, weight 
joss. weight gain, fefrequent: dehydration. hypokatemia. hypoglycemia.iron 
deficiency anemia, hyperglycemia, gout. hypercholesteremia. Rare: elec- 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System ~ Frequent: twitching. myalgia, arthralgia, Intre- 
quent: bone pain, tenosynovitis, myositis. bone sarcoma, arthritis: Rare 
osteoporosis, muscie atrophy, osteomyelitis 

Nervous System - frequent: dyskinesia, dizziness, hallucinations. confu- 
sion. somnolence. insomnia, dystonia, paresthesia. depression. anxiety. 
tremor, akinesia, extrapyramidal syndrome, abnormal gait. abnormal dreams. 
incoardination. psychosis, personality disorder, nervousness, choreoatheta- 
sis. amnesia, paranoid reaction, abnormal thinking, infrequent: akathisia. neu- 
fopathy, neuralgia, hypertonia. delusion, convulsion, libido increased. 
euphoria, emotional iadulity, libido decreased, vertigo, myoclonus, coma. apa- 
thy, paralysis, neurosis. hyperkinesia. ataxia, acute brain syndrome, torticollis. 
meningitis. manic reaction, hypokinesia. hostility, agitation, hypotonia, Rare. 
stupor, neuritis. intracranial hypertension, hemipiegia, facial paralysis, brain 
edema. myelitis, hallucinations and contusion after abrupt discontinuation 

Respiratory System -Frequent rhinitis. dyspnea. pneumonia. pharyngitis, 
cough increased: Infrequent: epistaxis. hiccup. sinusitis. bronchitis. vage 
alteration, hemoptysis, asthma. lung edema. pleural effusion. laryng't®, 
emphysema. apnea, hyperventilation. Rare pneumothorax, lung fibrosis. 
larynx edema. hypoxia. hypoventilation, hemothorax. carcinoma of lung 

Skin and Appendages System - Frequent. sweating. rash, Infrequent skin 
discoloration, pruritus. acne, skin ulcer. alopecia. dry Skin, skin Carcinoma, 
seborrhea. hirsutism, herpes simplex. eczema. tungal dermatitis, herpes 
zoster, Rare vesiculotullous rash, subcutaneous nodule, skin nodule, skin 
benign neoplasm. fichenoid dermatitis 

Special Senses System - Frequent: diplopia: infrequent: otitis media, con- 
junctivitis, tinnitus. deafness, taste perversion. ear pain. eye pain, glaucoma. 
eye hemorrhage. photoohabia, visual field detect. Rare. blindness, cataract. 
retinal detachment, retinal vascular disorder 

Urogenital System ~ Frequent: urinary tract infection, urinary frequency, 
urinary incontinence, hematuria, dysmenorrhea: Infrequent: dysuria, breast 
pain, menorrhagia. impotence. cystitis. urinary cetention. abortion. vagina! 
hemorrhage. vaginitis. priapism, kidney calculus. fibrocystic breast, lactation, 
uterine hemorrhage, urolithiasis, salpingitis, pyuria, Metrorrhagia, Menopause, 
kidney failure. breast carcinoma, cervical carcinoma, Rare: amenorrhea, bad- 
der carcinoma, breast engorgement. epididymitis. hypogonadism. teukorrhea. 
nephrosis. pyelonephritis, urethral pain, unicaciduria, withdrawal bleeding 
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> Advances in Neurology, vol 53, Parkinson's Dis- 
“ease: Anatomy, Pathology, and Therapy, edited by 
OM. B: Streifler, A. D. Korezyn, E. Melamed, and 
CM. B. H. Youdin, 624 pp, $125, New York, NY, 


Raven Press, 1990. 


Although the title of this book is not 
inaccurate, it may be somewhat mis- 
leading. Rather than being a compre- 
hensive text on Parkinson’s disease, it 
is a collection of almost 90 papers from 
the Ninth International Symposium 


on Parkinson’s Disease held in Jerus- 
alem, Israel, in June 1988. As such, it 


probably-has little appeal for medical 
students, nonneurologists, or, possi- 
bly, even general neurologists. On the 
other hand, for those of us with an in- 
terest in Parkinson’s disease, this book 
provides a wonderfully diverse smor- 
gasbord of recent clinical and neurobi- 
ological research topics related to Par- 
kinson’s disease and the basal ganglia. 

The papers in this collection are 
parceled into the following seven 


~gections: “Normal and Pathological 
Anatomy,” 


“Neurochemistry and 
Pharmacology,” “Neurophysiology,” 


“Toxicology and Environment,” “Clin- 


ical Aspects,” “Current Therapy and 
Side Effects,” and “Therapeutic Re- 
search and Developments.” The length 
of the contributions ranges from four 
to 16 pages and, as might be expected 
in a collection of this type, they vary in 
quality. Even though the information 
in this book is at least 242 years old at 
the time of this review, it is surpris- 
ingly up to date, especially considering 
the pace at which research in this field 
is advancing. 

Papers by Graybiel et al and Gibb et 


al report recent pathologic studies ex- 


- amining the relationship between neu- 


‘romelanin and selective vulnerability 


of nigral neurons. The current contro- 
versy in this area of investigation is 
highlighted by the fact that the 
groups’ findings and conclusions are 
diametrically opposed; the role of mel- 
anin remains unclear. The methyl- 
phenyltetrahydropyridine (MPTP) 
model of Parkinson’s disease and the 
mechanism of action of MPTP are the 
subjects of eight papers. Notably, the 
International Symposium took place 
before reports on the defect in complex 
I of the mitochondrial electron-trans- 
port chain had been published, so there 
is no information on this exciting topic 
in the book. There are numerous ex- 
cellent clinical papers dealing with 
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Parkinson’s disease and related disor- 
ders. A concise and convincing argu- 
ment for uniform research diagnostic 
criteria for Parkinson’s disease is 
made by Ward and Gibb. Koller and 
Findley provide a succinct review of 
psychogenic tremor, including diag- 
nostic criteria. Several papers discuss 
the use of depreny! (Eldepryl) in Par- 
kinson’s disease, and Haefely et al dis- 
cuss the properties of Ro 19-6327, a 
new, reversible, highly selective mono- 
amine oxidase-B inhibitor that is pres- 
ently under clinical investigation by 
the Parkinson Study Group. As might 
be anticipated, there are four papers 
on experimental and therapeutic 
transplantation. 

In summary, this volume will be a 
valuable addition to the libraries of 
neurologists and neurobiologists in- 
terested in recent advances in the pa- 
thology, neurochemistry, clinical as- 
pects, and experimental therapeutics 
of Parkinson’s disease and related dis- 
orders. It will be less useful for medi- 
cal students and nonneurologists. 


J. TIMOTHY GREENAMYRE, MD, PHD 
Rochester, NY 


Neurobehavioral Aspects of Multiple Sclerosis, ed- 
ited by S. M. Rao, 271 pp, with illus, $39.95, New 
York, NY, Oxford University Press Ine, 1990. 

This small monograph, with contri- 
butions by 28 authors, focuses on cog- 
nitive and affective alterations in mul- 
tiple sclerosis (MS). It is divided into 
four parts: clinicopathological fea- 
tures (84 pages), cognitive dysfunction 
(91 pages), affective disturbance in MS 
(35 pages), and management of neu- 
robehavioral dysfunction (52 pages). It 
is correctly pointed out in the intro- 
duetion that cognitive dysfunction in 
MS tends to be overlooked or dis- 
counted by physicians. On the other 
hand, this is often less because of lack 
of awareness and disinterest and more 
because of the desire to lighten the al- 
ready burdensome knowledge of hav- 
ing a disabling neurological disorder. 
There are situations in which the iden- 
tification of cognitive impairment in 
MS is not necessarily to the patient’s 
advantage (eg, custody battles for chil- 
dren). However, the innate variability 
of human behavior requires a consid- 
erable latitude in determining what 
and how patients should be told about 
cognitive dysfunction. Furthermore, 
health professionals need to know the 








facts in the first place. This book aims 
at a more complete understanding of 
behavioral abnormalities in MS and 
admirably summarizes the rather dis- 
parate literature on this topic. The 
chapters on diagnosis, clinical course, 
and imaging are certainly not defini- 
tive but give readable and concise sur- 
veys. The chapter on subcortical de- 
mentia appears to perpetuate the long- 
standing and erroneous assumption 
that MS does not involve the cerebral 
cortex. The chapters on memory, cog- 
nitive dysfunction, and affected distur- 
bance constitute an excellent synthesis 
and summary of the present state of 
knowledge. The long-standing debate 
on the role of stress in MS is ably re- 
viewed by Warren. 

The book is directed toward the 
multidisciplinary audience, a daunting 
task in which it succeeds well. It serves 
to illustrate the necessity for a mul- 
tidisciplinary approach in the compre- .. 
hensive management of a patient with 
MS. It should make worthwhile read- 
ing for neurologists, psychiatrists, 
neuropsychologists, and other health 
care professionals who see substantial 
numbers of patients with MS. 


GEORGE C. EBERS, MD 
London, Ontario : 


Avances y Controversias en el Diagnóstico y -enel 
Tratamiento de la Pathologia Vascular Cerebral 
Isquémica, edited by M. Aguilar Barbera,” A. 
Arboix Damunt, L. I. Soler Singla, Barcelona, 
Spain, Edika Medica SA, 1989. 

This volume represents a compila- 
tion of papers presented at the Inter- 
national Symposium on Ischemic 
Cerebrovascular Pathology held by the 
Societat Catalana de Neurologia in 
Tarragona, Spain, in 1989. 

The volume opens, with the only 
chapter written in English, on selected 
aspects of human and experimental 
stroke. Subsequent chapters contain a 
number of relevant topics related to 
diagnostic, pathologic, and therapeu- 
tic aspects of ischemic cerebrovascular 
disease. There are interesting contri- 
butions on the local and regional strat- 
egies regarding care services for pa- - 
tients with acute stroke. Another .- 
chapter summarizes a discussion on 
vascular dementias and brain-heart 
interactions. 

The book is well written, easy to 
read, and most sections are clearly or- . 
ganized and referenced. Although 
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much of the information presented is 
well known, the chapters serve as use- 
ful review. Overall, controversial 
points are presented in a well-balanced 
manner. Like many published reports 
of conference proceedings, this volume 
suffers from an uneven quality of the 
contributions. 

All in all, any clinician who regu- 
larly takes care of patients with stroke 
will find this volume helpful and in- 
formative. 

José BILLER, MD 
Iowa City, Iowa 


Neurofibromatosis: A Handbook for Patients, Fam- 
ilies, and Health Care Professionals, edited by Allan 
E. Rubenstein and Bruce R. Korf, 256 pp, with il- 
lus, $63, New York, NY: Thieme Medical Publish- 
ers Inc, 1990. 

In recent years, our knowledge of 
neurofibromatosis (NF) has expanded 
significantly. The location of the NF 
gene on chromosome 17, for NF 1, and 
chromosome 22, for NF 2, has been 
identified, and the clinical variations 
of the disorder have been more fully 
delineated. The book was sponsored by 
the National Neurofibromatosis Foun- 
dation, New York, NY, and the ap- 
proach is varied, with some informa- 
tion written for the layperson and 
other topics more detailed and profes- 
sionally oriented. The book is multiau- 
thored and brings together the exist- 
ing information about NF as of early 
1990. It is divided into four sections: 
“Medical,” “Genetic,” and “Psychoso- 
cial Aspects,” and “Appendices.” 
There are 20 chapters covering most of 
the major areas of concern. Following 
the introduction and history, there are 
chapters on diagnosis, neurological as- 
pects, ocular features, NF and cancer, 
molecular genetics, psychosocial as- 
pects, and many other areas. The chap- 
ter organization makes it easy to find 
information on any subject of interest. 
The book is filled with useful informa- 
tion, and each chapter is well refer- 
enced. The appendix contains informa- 
tion on the National Neurofibromato- 
sis Foundation and a listing of their 
chapters, along with NF clinics and 
centers in the United States and Can- 
ada. 

An effort is made to make material 
understandable to the layperson, but 
there is also an effort to be compre- 
hensive and accurate. The authors 
avoid any dogmatic approach to ther- 
apy or standardized follow-up and re- 
peatedly emphasize the importance of 
evaluating each person individually 
and using clinical judgment. 

The book is well illustrated, attrac- 
tive, and easy to read. There are nu- 
merous tables that outline diagnostic 
criteria and complications. The myr- 
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iad of these complications that can or 
might occur with NF are carefully de- 
tailed by multiple authors. Repeat- 
edly, these authors comment that the 
percentage of patients who have these 
complications is small, but it is page 
176 before Dr Carey states that “more 
than half of all people with NF will 
only have café au lait spots and cuta- 
neous neurofibromas. The remaining 
30% to 40% of individuals will have 
one or more of the more medically se- 
rious complications. ...” In a book for 
patients and families, some might be 
very anxious by the time they reach 
this reassuring information. 

I found it an excellent overview of 
NF for health care professionals and 
can recommend it to them. It will also 
be helpful to families and patients if it 
is combined with counseling from 
knowledgeable professionals or the 
national organization. It provides a 
handy source of information for any- 
one working with individuals who have 
this complex disorder. 


Gary J. Myers, MD 
Rochester, NY 


Peripheral Nerve Lesions, edited by M. Mumen- 
thaler and H. Schliack, 416 pp, with illus, $95, New 
York, NY, Thieme Medical Publishers Inc, 1991. 

This 400-page book, mostly on focal 
peripheral nerve lesions and their 
treatment, is the “revised translation 
(Sibylle A. Wallace, pediatric neurolo- 
gist, Mount Sinai School of Medicine 
[New York, NY]) from the [fifth] Ger- 
man edition, published and copy- 
righted in 1987.” 

The book is logically organized with 
sequential sections on nerve embryol- 
ogy, anatomy, histopathology, classi- 
fication of traumatic lesions, biome- 
chanics, physiology, clinical examina- 
tion, electrophysiologic examination, 
and operative treatment, and followed 
by specific sections on roots, plexus, 
and peripheral nerves. At least four 
major books on this subject are now in 
print, several written by orthopedists. 
In comparison with these other books, 
this one has approximately the same 
number of pages but contains more in- 
formation. It is a scholarly work with 
extensive references. It has many line 
drawings, generally of reasonable 
quality. Because it is comprehensive, 
compact, well-referenced, and author- 
itative, it can be recommended with 
considerable enthusiasm. 

The book has weaknesses too. Too 
frequently, pseudoscientific expres- 
sions are used instead of simple de- 
scriptions. Patients do not “complain 
of brachialgia paresthetic nocturna.” 
Presumably, the translator was trying 
to convey the author’s precise mean- 





ing, but too often the sentences are 
long, heavy, and not illuminating. The 
illustrations also are not always the 
best. Some of the old illustrations 
should have been replaced by new and 
better ones. Why, for example, are we 
not shown a magnetic resonance scan 
of a synovial cyst compressing the 
peroneal nerve? Perhaps the greatest 
weakness of the book is that it insuffi- 
ciently focuses on unsolved problems. 
Our ignorance of underlying patho- 
physiologic mechanisms is not empha- 
sized. Although this book has sections 
on neurobiology and neuropathology, 
it is unclear how they might help 
resolve some of the clinical problems. 
Important new insights have been 
gained in how nerves react to compres- 
sion and of how fibers regenerate, or do 
not, depending on species, site, nature 
of lesion, and a variety of other risk 


factors. 
Peter J. Dyck, MD 
Rochester, Minn 


Neuro-Oncology: Primary Malignant Brain Tu- 
mors, edited by D. G. T. Thomas, 303 pp, $62.50, 
Baltimore, Md, The Johns Hopkins University 
Press, 1990. 

Thomas and 24 contributors set out 
to write a thorough, authoritative, 
contemporary text on primary malig- 
nant brain tumors for postgraduate 
clinicians and basic scientists inter- 
ested in neuro-oncology. By and large, 
they have succeeded. The book is cer- 
tainly thorough, containing chapters 
on clinical manifestations, epidemiol- 
ogy, imaging, pathology, treatment, 
relevant basic sciences, and terminal 
care of patients with brain tumor. The 
chapter by Thomas and McKeran, 
“Clinical Manifestations of Brain 
Tumors,” is appropriate for students 
but seems out of place in a book in- 
tended for a neurologically sophisti- 
cated audience. The chapter on biolog- 
ical response modifiers is too long and 
needs a discussion of adrenocortico- 
steroid therapy for patients with brain 
tumor. The book is authoritative with 
contributions by many leading inves- 
tigators, including an outstanding 
chapter on “Radiotherapy in the 
Treatment of Cerebral Astrocytomas” 
by Leibel and Sheline. The book is not 
entirely up-to-date, but this, of course, 
is the Achilles’ heel of any text. For 
example, the discussion of tumor-sup- 
pressor genes (ie, antioncogenes) as 
they pertain to the genesis and pro- 
gression of glioma is deficient by 1991 
standards, unfortunate because the 


chapter on molecular genetics by Wes- 


termark et al is splendid otherwise. 
Similarily, the concise, thoughtful con- 
tribution by Dropcho and Mahaley on 
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“Chemotherapy for Malignant Glioma 
in Adults” is not current, missing sev- 
eral recent references to successful 
chemotherapy for specific malignant 
glioma subtypes. If the chapter on 
clinical manifestations of brain tumor 
is included in future editions, the ta- 
“bles should be updated. They are taken 
from an article published before the 
modern computed tomographic and 
magnetic resonance era (eg, a diagno- 
sis of papilledema diagnosis in 52% of 
cases), Like most multiauthored 
books, duplications and omissions are 
present, but, to his credit, Thomas, by 
careful editing, has managed to keep 
both to a minimum. May I suggest the 
next edition of this text be renamed 
“Neuro-Oncology: Glioma” and the 
content focused accordingly? Alterna- 
“tively, the title may be maintained and 
the content expanded to include cer- 
tain malignant brain tumors omitted 
from this edition (eg, primary cerebral 
lymphoma and malignant meningio- 
ma). 

The strengths of this text far out- 
weigh its weaknesses. It is a valuable 
reference text in its current form, and 


I look forward to future editions. 
J. GREGORY CaiRNCROSS, MD 
London, Ontario 


Essentials of Neurology, ed 6, edited by Lord 
‘Walton, 339. pp, $33, New York, NY, Churchill- 
Livingstone Inc, 1989. 

That a book can go through six edi- 
tions speaks to some degree for its 
quality. 

Essentials of Neurology continues to 
be a good book. It is not extensive 
enough to be a reference and not ori- 
ented toward pathophysiology, so it 
cannot be considered a basic text for 
students. It is predominantly a primer 
of the phenomenology of clinical neu- 
rology; an elaboration of basic princi- 
ples of evaluation of the nervous sys- 
tem with an overview of the major 

-entities (systems, signs, and broad dis- 
ease categories). 

The audience should be the resident 
in internal medicine, the primary phy- 
sician, and, possibly, also the begin- 
ning neurology resident. The text is 
more extensive than past editions but 
appears not much larger, probably be- 
cause of the reduction in the size of the 
print; it is fortunate that youngsters 
with good eyes will be the main audi- 
ence. 

The motivated trainee will find this 
book a good starter and, it is hoped, 
will be stimulated to delve deeper into 


* more extensive sources for the specif- 


1¢s. 
ALEXANDER G. REEVES, MD 
Hanover, NH 
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Myoblast Transfer Therapy, vol 280, Advances in 
Experimental Medicine and Biology, edited by R.C. 
Griggs and G. Karpati, 316 pp, with illus, $79.50, 
New York, NY, Plenum Press, 1990. 

Myoblast transfer represents an 
early exploitation in a therapeutic ven- 
ture based on the tremendous ad- 
vances made by molecular genetics. 
The possibility and promise of myo- 
blast transfer therapy in the treat- 
ment of Duchenne muscular dystrophy 
and other inherited forms of muscle 
disease has raised the hopes and ex- 
pectations of the public and, especially, 
affected individuals and their families. 

This volume, a compilation of 35 
presentations made at the Interna- 
tional Conference on Myoblast Trans- 
fer Therapy in June 1989, is conve- 
niently organized into seven general- 
topic sections relevant to myoblast 
therapy. The individual articles, which 
are well-written, short, and focused, 
present a realistie assessment of the 
challenges that will need to be ad- 
dressed and mastered before myoblast 
transfer therapy can ever become 
“standard therapy.” The discussions 
that follow individual articles and 
each general-topic section are very en- 
lightening as they highlight many of 
the practical concerns and unresolved 
questions regarding myoblast transfer 
therapy. 

The reader will find that this book 
successfully separates the science fic- 
tion from the fact associated with my- 
oblast transfer. Therefore, clinicians 
who regularly care for and thus serve 
as medical interpreters for patients 
with muscle disease and their families 
would find this volume extremely use- 
ful. Historically, this volume provides 
a succinct but comprehensive snapshot 
of current scientific understanding in 
an exciting area of medicine, at a 
juncture when advances in molecular 
genetics are being initially applied to 
novel therapeutic techniques. 


Jack E. Riccs, MD 
Morgantown, WVa 


Post-Polio Syndrome, edited by Theodore L. 
Munsat, 121 pp, with illus, $44.95, Boston, Mass, 
Butterworth-Heinemann, 1991. 

This volume represents a concise 
collection of useful information on the 
so-called post-polio syndrome, a some- 
what poorly understood disorder lead- 
ing to disability many years after 
acute poliomyelitis. The emphasis of 
each chapter varies, and it will be 
helpful to physiatrists, neurologists, 
orthopedists, physical therapists, and 
sufferers themselves. 

This book has 10 chapters. The first 
represents a general introduction with 
some historical notes. The second 





chapter discusses basic molecular bi- 
ology and virology. The fourth chapter... 
is also primarily basic science, dealing ` 

with the pathology of muscle and spi- 
nal cord in both acute poliomyelitis 
and the post-polio syndrome. The third 
chapter is more clinically oriented, 
giving a general definition of the post- 
polio syndrome and describing clinical 
features. Chapters 5 and 6 deal prima- 
rily with the electrophysiology of the 
syndrome, including electromyogra- 
phy, single-fiber electromyography, 
and macroelectromyography. Some 
discussion of muscle biopsy is also in- 
cluded. Chapter 7 is once again more 


clinically oriented with the discussion 


of strength measurement. The eighth. 
chapter, by a physical therapist, deals `- 
with rehabilitation. This is quite good 
but, unfortunately, somewhat too 
short. Chapters 9 and 10 are written by 
survivors of poliomyelitis who have 
been active in the effort to educate not 
only other survivors of the disease but 
also the medical community. 

The strengths of the book depend on 
the interest of the reader. For basic 
scientists or researchers, chapters 4 
through 6 on pathology and electro- 
physiology are quite good and review 
all significant investigations to date. 
For the clinically minded, chapters 3 
and 7 are excellent. For the poliomy- 
elitis survivor, the chapters on history 
and rehabilitation are of interest. 
Also, the last two chapters on support 
groups and community resources could 
be quite helpful. The illustrations and 
tables are generally concise and orga- 
nized. References are extensive. 

This book is somewhat lacking in 
several areas. No adequate discussion 
is presented of the long-term orthope- 
dic complications of poliomyelitis, 
which certainly can be regarded as a 
manifestation of the post-polio syn- 
drome. The excellent chapter on reha- 
bilitation is too short and not detailed 
enough. No emphasis is placed on is- 
sues of differential diagnosis, as many 
of the symptoms of post-polio syn- 
drome are vague and can mimic those 
of a variety of other medical illnesses. 
This is quite important in that treat- 
able illness should not be overlooked 
and ascribed to old poliomyelitis. Fi- 
nally, by virtue of having multiple au- 
thors, material is unduly repeated. 

In summary, this volume represents 
a valuable, concise resource for medi- 
cal practitioners in a variety of disci- 
plines who are exposed to patients 
with the late effects of poliomyelitis. It 
also should be a valuable reference for 


patients themselves. 
MICHAEL D. Dunn, MD, PHD 
Rochester, NY 
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Delayed Varicella Vasculopathy 


To the Editor.—I read with great in- 
terest the article by Caekebeke et al.! 
They carefully document a case of a 5- 
year-old boy who suffered from an 
acute hemiparesis 3 and 9 months af- 
ter a chickenpox infection. 

However, I disagree with their con- 
tention that this association had not 
been previously reported. Earlier, 
Holmes and F described a 32-year-old 
boy who developed a hemiparesis 
1 month after a varicella infection. 
Eda et al? in 1983 had already reported 
four similar cases, and then Kamholz 
and Tremblay* documented another. 
The ages of the six patients** ranged 
from 1 to 6 years of age, and the time 
between onset of varicella and onset of 
hemiparesis varied from 1 to 3 months. 
Cranial imaging studies revealed in- 
farcts involving the basal ganglia and 
internal capsule in all six cases. Cae- 
kebeke and coworkers’ patient! differs 
slightly because he had two events at 3 
and 9 months after varicella infection, 
and his infarct involved the left puta- 
men as well as the left temporal lobe. 

Their statement that acute child- 
hood hemiplegia was not a known com- 
plication of zoster infection is also in- 
correct. Walker et al’ described a 
7-year-old boy with herpes zoster oph- 
thalmicus and contralateral hemiple- 
gia; his angiogram showed multiple 
areas of narrowing in the proximal 
anterior and middle cerebral arteries. 

By documenting intrathecal synthe- 
sis of varicella zoster virus IgG and 
IgA in addition to abnormalities in the 
magnetic resonance image and cere- 
bral angiogram, Caekebeke et al’ have 
described their patient in more detail 
than any of the previously reported 
cases. Theirs is, therefore, the most 
convincing. However, they are not the 
first authors to describe this associa- 

-tion between varicella and a delayed 
hemiparesis. 


Grant T. Liu, MD 

Division of Neurology 

Brigham and Women’s Hospital 
75 Francis St 

Boston, MA 02115 
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In Reply.—Dr Liu is correct: we missed 
earlier reports on the association be- 
tween chickenpox and acute hemipare- 
sis in childhood. Recently, another 
case was described by Shuper et al.’ 
This 7.5-year-old boy developed a right 
hemiplegia and aphasia 10 weeks after 
contracting chickenpox. He presented 
again 7 months later with an acute ex- 
acerbation of seizures. Cerebral an- 
giography showed evidence of focal 
vasculitis. 

The presumed association of pri- 
mary varicella zoster virus infection 
and vasculitis rests on the temporal 
occurrence and on the demonstration 
of an intrathecal varicella zoster vi- 
rus-specific IgG response. However, 
oligoclonal bands can still be demon- 
strated several months after an un- 
complicated varicella zoster virus 
meningitis and do not provide definite 
evidence for active infection.’ Definite 
proof of the linkage between primary 
varicella zoster virus infection and 
vasculitis can only be obtained by ce- 
rebral biopsy, which is not indicated in 
these patients, or by an autopsy. 

In clinical practice, physicians fac- 
ing a child with an acute hemiparesis 
should carefully ask about a history of 
antecedent chickenpox. The manage- 
ment in these varicella zoster virus- 
associated cases is still open: steroids, 


acyclovir, or no medication at all? 
A. C. B. PETERS, MD 
Division of Child Neurology 
Department of Neurology 
University Hospital Leiden 
2300 RC Leiden 
the Netherlands 
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Fetal Homotransplants in the 
Treatment of Parkinson’s Disease 


To the Editor.—The article by 
Madrazo et al’ represents an analysis 
of seven patients who underwent em- 
bryonic nigral and adrenal trans- 
plants for the treatment of Parkin- 
son’s disease. We note that donor neu- 
ronal tissue used for this study was 
derived from spontaneous abortions. 
There are several problems associated 
with the use of tissue obtained from 
spontaneous as opposed to elective 
abortion for use in neural grafting. 
These include the following: 

1. Chromosomal abnormalities are 
present in 20% to 50% of cases of 
spontaneous abortion.’ 

2. Infectious agents that are associ- 
ated with spontaneous abortions 
may increase the risk of a trans- 
plant-related infection.’ 

3. There is an increased likelihood 
of bacterial contamination in do- 
nor material obtained at the time 
of spontaneous abortion due to 
the direct passage of the fetus 
through the vaginal canal. In 
elective abortions there is a high 
likelihood that tissue can be pro- 
cured steriley.* In this regard, 
one wonders if the brain abscess 
and bone flap infections in patient 
number three were not trans- 
plant derived rather than a con- 
sequence of immunosuppression 
as the authors suggest. Informa- 
tion regarding the type of organ- 
ism and the exact location of the 
brain abscess might help in clar- 
ifying this issue. 

4. The majority of spontaneous 
abortions are preceded by fetal 
death in utero, which substan- 
tially reduces the likelihood of 
obtaining a viable graft.©’ 
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5. Spontaneous abortions are fre- 
quently associated with fetuses 
that are abnormally small, mak- 
ing staging difficult.® 

6. Central nervous system defects 
are frequently associated with 
spontaneous abortions.’ 

7. Spontaneous abortions occur un- 
predictably making the timing of 
the surgical procedure and sero- 
logical testing for human immu- 
nodeficiency virus, hepatitis, cy- 
tomegalovirus, and herpes in 
both the mother and fetus logis- 
tically difficult. 

8. The authors employed ventral 
mesencephalon from only one fe- 
tus per patient. Pharmacologic 
analyses of the human striatum 
suggest that multiple donors 
(three to four) are necessary in 
order to provide sufficient concen- 
trations of dopaminergic neurons 
to obtain the desired clinical ef- 
fect.‘ Elective abortions provide a 
better opportunity to procure tis- 
sue from multiple donors. 

The age of the donor also appears to 
be critically related to the likelihood of 
graft survival.’ The optimal period for 
transplantation is thought to occur 
during the period of dopaminergic 
neuronal development and migration, 
but before the period of axonal 
extension.’ This period of development 
occurs in the human embryo between 
postconception weeks 6.5 and 8.0.!°” 
Both solid and suspension grafts are 
most likely to be viable when tissue is 
derived from this period. Madrazo 
used solid transplants derived from 
donors age postconception week 11 to 
12. There is no laboratory data to the 
best of our knowledge that indicates 
that there is significant survival of 
dopamine neurons in human grafts of 
the age used in this study. Further, it 
is not clear how the embryonic age was 
determined. It should be noted that if 
dating is based on maternal record of 
last menstrual period, it is frequently 
inaccurate." 

There are several additional points 
that cause us to question whether the 
benefits reported from this procedure 
are due to some other mechanism such 
as the release of trophic factors.'> The 
initial clinical improvement occurred 
between 4 and 8 weeks after transplan- 
tation. This is more rapid than would 
be expected if improvement were due 
to neuronal outgrowth of dopaminer- 
gic neurons.” Both dopaminergic- and 
nondopaminergic-mediated symptoms 
are reported to have improved. The 
graft was placed into the caudate nu- 
cleus, which is thought to have less in- 
fluence than the putamen on dopamin- 
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ergically mediated motor abnormali- 
ties of Parkinson’s disease.'* The time 
course of improvement parallels that 
observed in patients following autolo- 
gous adrenal transplants where graft 
survival has been notably poor.” Fi- 
nally, the best results were obtained in 
patients who received grafts derived 
from the oldest donors, which are the 
grafts least likely to survive. 

On the other hand, if the benefits 
observed are the result of the elabora- 
tion of dopamine and neuronal connec- 
tions from grafted cells, then based on 
such scientific evidence as currently 
exists, it is reasonable to suspect that 
transplantation of a larger number of 
younger fetuses obtained from women 
undergoing voluntary abortions may 


provide further elinical improvement. 
THomas B. Freeman, MD 
Division of Neurosurgery 
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In Reply.—We appreciate Freeman 
and Olanow’s comments to our recent 
article on fetal brain homotransplan- 
tation for the treatment of Parkin- 
son’s disease (PD).' In relation to their 
concern for our use of fetal tissue ob- ` 
tained from spontaneous abortions for ` 
neural grafting, as opposed to elective 
abortions, we are in complete agree- 
ment with their arguments favoring 
elective abortions as a source of fetal 
tissue. In Mexico, however, we are lim- 
ited to the use of fetuses only from. |. 
spontaneous abortions, because elec- 
tive abortions are illegal. We realize 
the complexity and multiple draw- 
backs involved, but have found this to 
be our only alternative for obtaining 
human fetal tissue in order to start the 
development of human fetal-human 
brain transplantations. We encourage 
those neural transplantation groups in 
countries where elective abortions are 
legal, to take advantage of their social 
circumstance, and thereby avoid the 
biological shortcomings that Freeman 
and Olanow enlisted in their letter, 

Regarding the use of tissue from 
only one fetus, we’ and others! have 
found this amount of unmanipulated 
tissue to give clinical benefit to the pa- 
tients. Also, the immunologie chal- 
lenge to the host is obviously less than 
would be expected from the use of tis- 
sue from more donors. The infection in 
patient number three is unlikely to be 
derived from the transplant, because it 
clearly started on the bone flap. 

The viability and age of the fetuses 
were determined by in utero ultra- 
sonography performed at the time 
abortion was diagnosed as imminent 
by the gynecologist who was unrelated 
to our transplantation group. Regard- 
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ing the survival of dopamine neurons 
in fetal human grafts of 13 to 14 weeks’ 
gestational age, there is neuropatho- 
logic evidence of their survival after 
human brain transplantation. 

The clinical response to fetal brain 
transplantation is good evidence of the 
probable relevance and interrelation- 
ship of all known mechanisms of ac- 
tion (local release of neurotransmit- 
ters, trophism, conectivity, etc.) of 
brain grafting procedures in the effec- 
tiveness of neural grafting. The possi- 
ble therapeutic value of the different 
grafts is apparent from the evident 
differential clinical responses seen in 
our different groups of autotrans- 
planted and homotransplanted par- 
kinsonian subjects.’ 

Ignacio Maprazo, MD, DSc 

REBECCA FRANCO-BoURLAND, PHD 
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and Neurosurgery, IMSS 
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14300 Mexico City, Mexico 
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Psychiatric Effects of Selegiline 


To the Editor.—The exciting news that 
selegiline (deprenyl, Eldepryl) may re- 
tard the progression of early Parkin- 
son’s disease,!? accompanied by the 
observation that few significant ad- 
verse effects were observed in these 
studies, has led physicians to treat 
many of their Parkinson’s disease pa- 
tients with this drug. This report con- 
cerns adverse psychiatric effects seen 
in my referral population of patients 
with Parkinson’s disease. Over the last 
year, we have started selegiline ther- 
apy in approximately 60 patients, al- 
most all of whom were both on multi- 
ple other antiparkinsonian medica- 
tions and known to me for some time 
prior to this treatment. I have not in- 
cluded adverse effects that could be 
ameliorated by reduction of the dose of 
carbidopa/levodopa. 

Apparent adverse effects in the 
younger population were most com- 
mon in physically small patients, es- 
pecially women. Five otherwise 
healthy women in their 40s and 50s 
developed adverse effects, although 
only two of these had a prior psychiat- 
ric history. All were taking carbidopa/ 
levodopa. Three women (ages 41, 46, 
and 46 years, respectively) became hy- 
pomanic, with racing thoughts, mild 
paranoia, and markedly reduced sleep. 
Two women almost lost their jobs be- 
cause of these changes. One woman 
who became promiscuous as well had a 
prior history compatible with cy- 
clothymia, but had never been treated 
for this. In these three patients, the 
symptoms abated with lowering the 
dosage to 2.5 to 5 mg/d. 

Two women became psychotic. A 48- 
year-old woman was taking multiple 
other antiparkinsonian medications 
and had a prior history of psychiatric 
hospitalization. She became floridly 
psychotic with organized and tena- 
cious delusions and paranoia 3 months 
after selegiline was added, in the ab- 
sence of other drug changes; the pa- 
tient remained psychotic for 1 year. 
The last woman, aged 53 years, was 
seen by us after becoming floridly 
manic and psychotic soon after begin- 
ning selegiline therapy for very mild 
parkinsonism and was still hospital- 
ized and psychotic 6 months after dis- 


continuation of selegiline. She also had 
a history compatible with, but not di- 
agnosed as, cyclothymia. 

In the elderly, adverse psychiatric 
effects were most commonly seen in 
patients with some evidence of demen- 
tia. Several men who had behavioral 
problems with inappropriate and ag- 
gressive verbal remarks became more 
verbally abusive to their caretakers. 
Reversal of sleep-wake cycles was also 
exacerbated, with an increase in noc- 
turnal activities. One 78-year-old man 
who had had a stable relationship with 
one woman for several years suddenly 
began to make sexual advances to 
other women. 

While the increased aggressiveness 
in demented patients could have been 
predicted from responses in this popu- 
lation to other dopaminergic agents, 
the dose-related hypomania in other- 
wise healthy young women was unex- 
pected. The hypomania may well be 
due to the L-amphetamine and 
L-methamphetamine metabolites of 
selegiline. Although the L-isomers are 
far less potent than the D-isomers, it is 
possible that these women had greater 
synthesis or decreased clearance of 
these metabolites so that effective 
blood levels were reached on a stan- 
dard dose of 10 mg/d of selegiline. 

We have revised our prescribing 
practice to employ gradual upward ti- 
tration of the dose, from 2.5 mg/d to 
10 mg/d over 10 to 15 days, in all 
patients. If patients experience signif- 
icant potentiation of dopaminergic ef- 
fects or signs of hypomania at a dose 
lower than 10 mg/d, the dose is not in- 
creased further. We no longer pre- 
scribe selegiline for significantly de- 
mented patients, and prescribe this 
with caution in patients with a history 
of cyclothymia. 

Saky J. Boyson, MD 

Department of Neurology 

University of Colorado Health 
Seiences Center 


4200 E Ninth Ave 
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The Epidemiology of Parkinson’s Disease 


A Case-Control Study of Young-Onset and Old-Onset Patients 





Matthew Stern, MD; Eugene Dulaney; Stephen B, Gruber, PhD; Larry Golbe, MD; 
Mary Bergen, RN; Howard Hurtig, MD; Steve Gollomp, MD; Paul Stolley, MD, MPH 


@ While the cause of Parkinson's disease 
(PD) remains unknown, recent evidence sug- 
gests that certain external factors, ie, envi- 
ronmental agents, may act as neurotoxins, 
initiating the chain of oxidative reactions that 
ultimately destroy neurons in the substantia 
nigra. Young-onset PD might result from 
greater exposure to a putative neurotoxin. 
This hypothesis has rekindled interest in the 
epidemiology of PD. We therefore conducted 
a detailed analysis of various environmental 
exposures and early life experiences in 
80 patients with old-onset PD (at an age older 
than 60 years), 69 young-onset patients 
(younger than 40 years), and 149 age- and 
sex-matched control subjects. Contrary to 
previous reports, we were unable to impli- 
cate well water or exposure to herbicides, 
pesticides, or industrial toxins as significant 
PD risk factors. A residential history of rural 
living was reported by more patient cases 
than control subjects and was marginally 


Tre cause of Parkinsons disease (PD) 


remains a mystery, yet accumulat- 
ing evidence suggests that the interac- 
tions between environmental factors 
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significant. On the other hand, at least one 
episode of head trauma “severe enough to 
cause vertigo, dizziness, blurred or double 
vision, seizures or convulsions, transient 
memory loss, personality changes, or paral- 
ysis” occurred significantly more often prior 
to disease onset in patients with both young- 
onset and old-onset PD than in control sub- 
jects (odds ratio= 2.7). When adjusted for 
head trauma and rural living, smoking was 
inversely associated with PD, as has been 
previously reported (odds ratio = 0.5). There 
were no significant differences in early life 
experiences or environmental exposures be- 
tween young-onset and old-onset patients. 
We suggest that the risk of developing PD is 
influenced by a variety of factors. While we 
were unable to link specific environmental 
agents with PD, our study suggests that head 
trauma should be reassessed as a potential 
risk factor for PD. 
(Arch Neurol. 1991 ;48:903-907) 


neurotoxin 1-methyl-4-phenyl-1,2,3,6- 
tetrahydropyridine (MPTP)™ lends fur- 
ther credence to the notion that an ex- 
ternal agent (ie, toxin) can trigger the 
chain of metabolic reactions culminating 
in the death of neurons in the substantia 
nigra and clinical parkinsonism (“the en- 
vironmental hypothesis”). This hypoth- 
esis has stimulated the evolution of pro- 
phylactic therapies to slow PD 
progression’ and provided the scientific 
rationale te pursue epidemiologic stud- 
ies in an attempt to identify potential 
PD risk factors. Both descriptive epide- 
miological surveys of PD as well as case 
studies have implicated well water use, 
rural living, pesticide and herbicide ex- 
posure, and proximity to industry as 








risk factors for PD.** Several investiga- 
tors have noted that exposure to envi- 
ronmental risk factors has been more 
pronounced in patients with an early. 
onset of PD*" and suggested that there 
may be a dose-response relationship be- 
tween environmental exposure and age» 
at PD onset. Despite these observa- 
tions, an environmental toxin capable of | 
producing PD in animals or humans has 
never been identified, nor have epidem-. 
ics of PD been reported, as might be 
expected if PD were the consequence of 
exposure to. an as yet unidentified neu- 
rotoxin. We, therefore, conducted a 
case-control study to further character- 


ize the epidemiology of PD by analyzing 


the demographic, environmental, and 
early life experiences of young-onset 
PD patients (younger than 40 years), 
old-onset patients (older than 60 years), 
and a group of age- and sex-matched 
control subjects. 


PATIENTS, SUBJECTS, 
AND METHODS 


Case patients were 161 individuals with 


PD seen at the Graduate Hospital Depart- 


ment of Neurology, Philadelphia, Pa, and the 


Department of Neurology of the University 
of Medicine and Dentistry of New Jersey, o 


New Brunswick. Patients were separated... 
into two groups based on the age at which = 
they experienced their first symptoms: onset 
before age 40 years (young-onset patients) 
and onset during or after age 60 years (old- 
onset patients). The office charts of these 
patients were examined to exclude individ- 
uals with a diagnosis other than idiopathic 
PD, who were unresponsive to antiparkin- 
sonian medication, or who had been treated 
with neuroleptic drugs prior to the develop- 
ment of parkinsonism, Patients with-signi- 
ficant cognitive impairment. were also. ex- 
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: ~ eluded. All eligible young-onset patients 
from both institutions were contacted for 


interviews. Old-onset patients were random- 
ly chosen from the Graduate Hospital 
population. 

Control subjects matched for age (within 6 
years), sex, race, and participating center 
were selected for 149 case patients. Each 
case patient was asked to nominate three 
nonparkinsonian subjects of the same sex 
and race and of similar age to serve as control 
subjects. Relatives and spouses were not eli- 
gible to become control subjects. One control 
subject was randomly selected from among 
the individuals nominated by each case pa- 
tient and was contacted for an interview. 
When control subjects nominated by case 
patients failed to meet criteria for the study 
and when case patients refused to nominate 
control subjects, the latter were selected 
from among patients and hospital volunteers 
at the Graduate Hospital. These clinic con- 
trol subjects met the same criteria for eligi- 
bility as peer-nominated control subjects, 
and they had no history of a movement 
disorder. 

Data regarding environmental exposures 
and life experiences were collected using a 
structured interview. Information describ- 
ing lifetime residential histories included wa- 
ter supply and estimates of population densi- 
ty. Exposure to well water and rural living 
were evaluated as risk factors for Parkin- 
sons disease in two ways. A person was con- 
sidered exposed to these environments if the 
residential history recorded at least 1 year of 
residence where the water source was identi- 
fied as “private well or spring” and “rural” by 
self-report. Additionally, the cumulative 
number of years of residence in communities 
specified in this way was calculated. Expo- 
sure to insecticides and herbicides was mea- 
sured by self-report. Individual questions 
were asked regarding use of the agents with- 
in the home, in the yard or garden, and in the 
neighborhood, either by members of the 
household or by professionals. Summary 
variables indicate exposure either to pesti- 
cides or herbicides if any exposure was re- 
ported. Head trauma, severe enough to 
cause vertigo or dizziness, loss of conscious- 
ness, blurred or double vision, seizures or 
convulsions, memory problems, personality 
changes, or paralysis, was considered a head 


Table 1.—Demographic 
Characteristics of Case Patients 


Variable 
Age at onset 





*GH indicates Graduate Hospital, University of 
Pennsylvania, Philadelphia; UMDJN, University of 
Medicine and Dentistry of New Jersey, New 
Brunswick. 
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injury for purposes of this study. Detailed 
smoking histories were recorded, and a 
smoker was considered anyone who smoked 
at least 1 cigarette per week for a year or 
more. 

The strength of the association of environ- 
mental exposures with PD was assessed by 
computation of odds ratios (OR) or as an 
estimate of relative risk. Statistical methods 
appropriate for the analysis of matched-pair 
data were used to calculate odds ratios, confi- 
dence intervals (CI), and tests of statistical 
significance.” For ease of interpretation, 
percentages of case patients and control sub- 
jects who were exposed to environmental 
risk factors are reported without regard for 
matching; however, all analyses were per- 
formed on matched pairs. Confounding vari- 
ables were evaluated by the conditional logis- 
tic regression model.” This model was used 
to adjust for the influence that these vari- 
ables might have on each effect of interest. 
Odds ratios were also computed separately 
within younger and older matched pairs to 
examine whether the pattern of risk was sim- 
ilar in these two groups. This pattern was 
also formally tested using the logistic regres- 
sion model. Finally, odds ratios for differing 
levels of exposure were tested for dose-re- 
sponse trends by logistic regression. 


RESULTS 


The 149 matched pairs comprised 69 
young-onset and 80 old-onset pairs. Of 
the young-onset control subjects, 40 
(58%) were peer nominated and 29 
(42%) were selected from the two medi- 
eal centers. Twenty-three old-onset 
control subjects (29%) were peer nomi- 
nated, and 57 (71%) were clinic control 






Variable 





Table 2.—Crude and Adjusted Odds Ratios From Matched Pair Analysis of 
Environmental Risk Factors for Parkinson's Disease 


Case 
Patients, % Subjects, % Ratio 





subjects. The mean age at onset: of dis- 
ease for younger case patients was 
34.8 years, with a mean age at diagnosis 
of 37.4 years, whereas the mean age at 
onset for older case patients was 
66.9 years, with a mean age at diagnosis 
of 67.6 years. Overall, case patients par- 
ticipating in this study had been treated 
for an average of 8.2 years (SD = 6.4). 
Ninety-six percent of the study sample 
were white, and 60.4% were male (Ta- 
ble 1). 

Rural living was reported more often 
by case patients than by control sub- 
jects, although rural residence did 
not achieve statistical significance 
(OR =1.7, 95% CI = 1.0 to 2.9). This 
estimate did not change after adjust- 
ment for a history of smoking and prior 
head injury (Table 2); it increased only 
slightly with adjustment for smoking, 
head injury, and well water exposure 
(OR = 1.8, 95% CI = 1.0 to 3.4), but was 
not statistically significant at the .05 
level. Exposure to well water for 1 year 
or longer was reported equally by ease 
patients and control subjects (Table 2), 
and it did not change appreciably after 
adjustment. 

Insecticide and herbicide exposure 
showed no significant association with 
PD (Table 2). Eighty-seven percent of 
case patients and 91.3% of control sub- 
jects reported exposure to insecticides, 
and odds ratios with and without adjust- 
ment were not statistically significant. 
The prevalence of herbicide exposure 









95% 
Confidence 
interval P 





Control Odds 








Well water, =1 y vs never 










































































































* Model adjusted for history of smoking, prior he 


Unadjusted 28.2 28.9 4.1 (0.6, 1.9) 77 

Adjusted * 0.8 (0.4, 1.6) .60 
Rural living, = 1 y vs never 

Unadjusted 45.0 35.6 1.7 (1.0, 2.9) .06 

Adjustedt 1.7 (0.9, 3.1) .08 
insecticide, any exposure vs none 

Unadjusted 87.2 91.3 0.7 (0.3, 1.4) .28 

Adjusted* 0.5 (0.2, 1.1) .10 
Herbicide, any exposure vs none 

Unadjusted 54.4 51.7 14.1 (0.7, 1.7) 66 

Adjusted * 0.9 (0.6, 1.5) 73 
Head injury, any prior injury vs none 

Unadjusted 31.7 17.9 2.7 (1.4, 5.2) .004 

Adjusted} 2.9 (1.5, 5.8) .002 
Smoking, ever smoked vs never 

Unadjusted 44.9 55.8 0.6 (0.4, 1.0) .05 

Adjusted§ 0.5 (0.3, 0.9) .03 
Education, <12 y vs 13+ y 

Unadjusted 53.0 43.6 1.6 (0.9, 2.6) .08 

Adjusted * sass 1.3 (0.8, 2.3) 28 


ad injury, and previous rural residence. 






+Model adjusted for history of smoking and prior head injury. 
$Model adjusted for history of smoking and previous rural residence. 
§Model adjusted for history o? prior head injury and rural residence. 
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was lower than that of insecticides, with 
54% of case patients and 52% of control 
subjects reporting herbicide use in 
lawn, garden, or neighborhood. Odds 
ratios for herbicide exposure were not 
significant, and adjustment did not ap- 
preciably alter the estimate. 

Other variables considered included 
education, smoking, and head injury 
(Table 2). Twelve years or less of school, 
including vocational training, was re- 
ported somewhat more often by case 
patients than by control subjects, but 
the difference was not statistically sig- 
nificant. Smoking was less common 
among case patients than it was among 
control subjects, with an OR of 0.6 and 
95% CI from 0.4 to 1.0, Adjustment did 
not influence the association between 
smoking and PD. An episode of head 
trauma was associated with PD. The 
unadjusted OR for any prior head injury 
compared with no head trauma was 2.7 
(95% CI, 1.4 to 5.2). After adjustment, 
the association between head injury and 
PD remained highly significant, with an 
OR = 2.9 (95% CI, 1.5 to 5.8). 

The average number of years be- 
tween the age at the time of most recent 
head injury and age at PD onset was 
19.8 years. An average of 20.7 years 
elapsed between the age at the time of 
most recent head injury and age at time 
of PD diagnosis. After adjusting for po- 
tential differences in the number of 
years at risk for case patients and con- 
trol subjects, we calculated that an av- 
erage of 25.0 years elapsed between the 
age at the time of most recent head inju- 
ry for control subjects and the age at 
which their matched case patients de- 
veloped PD symptoms. 

There were no significant differences 
in the relationships between environ- 
mental risk factors and PD when com- 
paring younger and older matched pairs 
(Table 3), Although the OR for rural 
living was 2.4 in older pairs and 1.2 in 
younger pairs, these two were not sig- 
nificantly different from each other. 
Head injury was somewhat more 
strongly associated with PD in younger 
pairs than in older; however, the differ- 
ence between the two was not signifi- 
cant. Exposure to well water, insecti- 
cide, or herbicide; smoking history; or 
education of 12 years or less was not 
significant in any subgroup, nor were 
these ORs different from each other in 
young and old pairs. 

There was no consistent pattern to 
cumulative measures of exposure and 
PD, although the trend was statistically 
significant for increasing risk with in- 


` ¢reasing numbers of head injuries (Ta- 


ble 4), Head injury as a risk factor was 
significantly elevated with one injury 
(OR=2.7), but not more than one 
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Table 3.—Odds Ratios Within Young-Onset and Oid-Onset Matched Pairs* 


























































*Cl indicates contidence interval; NS, not significant. 


Table 4.—Odds Ratios Shown by Differing Levels of Exposure 





Young-Onset Oid-Onset 
armeene aaea, apaaeeeenmemeaneem nananana, 
Odds Odds 
Variable Ratio 95% CI Ratio 95% Cl Difference 
Well water, 21 y 
vs never 0.9 (0.4, 2.1) 1.2 (0.6, 2.7) NS 
Rural living, =1 y ‘ 
vs never 1.2 (0.6, 2.5) 2.4 (1.0, 6.4). NS 
Insecticide, any exposure ; eh 
vs none 0.6 (0.2, 1.7) 0.8 (0:3, 201) o NS 
Herbicide, any exposure eee 
vs none 0.9 (0.5, 1.7) 1.3 (7,24 0. 
Head injury, any prior injury VES ES es es 
vs none 3.0 (1.2, 7.6) 2.3 (0.9, 6.1) EES NG? 
Smoking, ever smoked CO a EE 
vs never 0.8 (0.4, 1.6) 0.5 (0.2, 1.0) NS 
Education, 12 y 
vs 13+ y 1.0 (0.5, 2.1) 2.7 (1.2, 6.2) NS 










































(OR =1.3). However, the trend was sig- 
nificant (P = .006), and there was no sta- 
tistical evidence of deviation from lin- 
earity. The OR for rural living was 
significant for 1 to 10 years of rural resi- 
dence (OR =2.5) only, and the test for 
trend was not significant. There was no 
evidence of a dose-response relation- 
ship with increasing levels of exposure 
to well water. 


COMMENT 
Environmental Risk Factors 


In the present study, environmental 
risk factors were not associated with 
either young-onset or old-onset PD, al- 
though a history of rural living ap- 
proached statistical significance. These 
findings differ from several prior stud- 
ies linking PD to environmental risk fac- 
tors. Barbeau and colleagues” found 
an increased prevalence of PD in prox- 
imity to lumber mills and vegetable 
farming regions. They proposed that 
agricultural chemicals were causally 
linked to PD. Lux and Kurtzke“ noted 
a north-south gradient for PD in the 
United States and suggested that PD 















Variable Odds Ratio 95% Ci P 
Well water 

None 1.0 Aoa ia 

1-10 y 1.0 (0.5, 2.4) 91 

10+ y 0.9 (0.5, 1.7) 79: 
Rural living 

None 1.0 TA Dt 

1:10 y 2.5 (1.2, 5.3) 02 

10+ y 1.3 (0.7, 2.4) 47 
Head injury 

None 1.0 kis iha 

1 injury 2.7 (1.4, 5.3) .01 

2+ injuries 1.3 (0.2, 7.3) 78 





prevalence increases in the more indus- 
trialized northern regions. In their 
case-control study of PD in China, Tan- 
ner and coworkers" found PD to be as- 
sociated with exposure to industrial 
chemicals, although China is more re- 
cently industrialized and exposure oc- 
curred after 1960 in most cases. In a 
study of nursing home residents in two 
Hong Kong districts, Ho et al" found PD 
to be associated with rural living, al- 
though a significant association re-.° 
quired more than 40 years of exposure 
or greater than 20 years of farming. 
Koller and colleagues’ also cited rural 
living as a risk factor for PD in their 
case-control study. The modest statisti- 
cal difference between rural living in 
Koller’s survey and the present study 
might result from our patient popula- 
tion that was recruited from largely ur- 
ban referral centers. Exposure to herbi- 
cides and pesticides has also been cited 
as a risk factor for PD.” Furthermore, 
several studies have noted a greater ex- 
posure to rural living and well water in 
young-onset patients and suggested a 
dose-response relationship between en- 
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vironmental risk factors and age at PD 
onset.*” Rajput et al,” however, were 
unable to identify a specific well-water 
contaminant in their study of PD in Sas- 
katchewan. Moreover, most of the 
above surveys were done in primarily 
agricultural areas where exposure to 
agricultural chemicals is common. 

Meador and colleagues,” on the other 
hand, studied death records in Georgia 
between 1979 and 1983 and noted no 
difference in PD prevalence between 
rural and urban living. Bharucha and 
others” failed to identify environmental 
risk factors in monozygotic twins dis- 
cordant for PD, and Wong et al,” in 
their study of PD sibships, found no 
increase in herbicide or pesticide expo- 
sure in affected individuals. In their 
recent study, Koller et al’ failed to de- 
tect a difference in herbicide, pesticide, 
or farming exposure between case pa- 
tients and control subjects, despite the 
higher incidence of rural living in PD 
patients. Similarly, our study failed to 
detect significant environmental risk 
factors in either old-onset or young-on- 
set PD. We found no dose-response re- 
lationships between environmental ex- 
posures and PD. 

While a history of rural living has 
been a consistent theme in epidemiolog- 
ic studies of PD, there is no known envi- 
ronmental toxin that accounts for a sub- 
stantially increased risk for developing 
PD. Studies of PD brains have shown 
that neuronal loss is an active, ongoing 
process.”” The observation that many 
patients are no longer exposed to puta- 
tive environmental risk factors at the 
time of death suggests that an environ- 
mental factor responsible for PD would 
merely serve as a trigger, initiating the 
chain of metabolic reactions culminating 
in nigral cell death. Because dopamine 
cell loss likely begins 20 to 30 years prior 
to the onset of clinical manifesta- 
tions,” one might suspect that pa- 
tients with young-onset PD would have 
had a relatively early, brief exposure to 
the putative factor before disease onset. 
An alternative explanation is that mas- 
sive exposure to a presumed environ- 
mental toxin with more rapid degenera- 
tion of dopamine neurons is responsible 
for young-onset PD. However, there is 
no evidence that young-onset PD differs 
from old-onset PD in its primary clinical 
manifestations or histopathologic find- 
ings.” It is, therefore, improbable that 
dose or duration of exposure to an envi- 
ronmental agent is directly related to 
the onset of PD. We suggest that under- 
standing differences in inherent predis- 
position to PD will ultimately distin- 
guish between young- and old-onset 
disease and more precisely define the 
role of environment. 
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Smoking 


Smoking has been inversely associ- 
ated with PD in numerous surveys (see 
review by Baron”). Our study also de- 
tected a lower incidence of smoking pri- 
or to disease onset in both young-onset 
and old-onset patients that was statisti- 
cally significant when adjusted for head 
trauma. Several hypotheses have been 
suggested to explain the possible “pro- 
tective effect” of smoking in PD, al- 
though a cogent, scientific explanation 
is still lacking. The physiologic effects of 
nicotine and cigarette smoke have been 
studied extensively. Nicotine promotes 
central dopamine transmission” and 
increases firing rates of nigral neu- 
rons.” Components of cigarette smoke 
have been hypothesized to induce cyto- 
chrome oxygenases’ and neutralize the 
effects of free radicals generated from 
dopamine metabolism.” It has also been 
suggested that cigarette smoke con- 
tains substances that might compete 
with an exogenous compound for brain 
monoamine oxidase.” Smoking might, 
therefore, be a form of protection from 
exogenous or endogenous oxidative 
stress. 

While these are attractive possibili- 
ties, there remain problematic inconsis- 
tencies. In a study of the dose-response 
relationship between intensity of smok- 
ing and PD, Golbe and coworkers” 
failed to detect a correlation between 
any measure of smoking and PD sever- 
ity. They concluded that smoking is 
probably not of benefit in preventing, 
delaying, or improving PD. Further- 
more, Tanner and colleagues” failed to 
find an inverse association between 
smoking and PD in their survey of pa- 
tients in China. They suggested that 
cultural differences in the role of smok- 
ing may be more important than any 
specific physiologic effect. Finally, Raj- 
put et al" were also unable to confirm an 
inverse relationship between smoking 
and PD in their epidemiologic survey, 
but they did note a preclinical personal- 
ity type more prone to “psychoneurosis 
and psychosomatic illness” in their pa- 
tients with PD compared with control 
subjects. Some investigators have sug- 
gested that the decreased prevalence of 
smoking in patients with PD may, 
therefore, reflect a premorbid personal- 
ity type, less inclined to become a habit- 
ual smoker.” Studying the effect of 
cigarette smoke on animal models of PD 
and understanding the pathophysiology 
of human disease will ultimately deter- 
mine whether or not components of cig- 
arette smoke have a significant physio- 
logic effect that can explain the 
inconsistent epidemiologic observa- 
tions. 





Head Trauma 


The most significant finding in our 
study was the high incidence of head 
trauma in patients with PD prior to the 
onset of disease. The relationship be- 
tween head trauma and PD has been 
controversial since Parkinsons initial 
description of PD and his hypothesis 
that symptoms evolved following cervi- 
cal trauma.” At present, there is no evi- 
dence that head trauma causes PD with 
Lewy body pathology (see review by 
Factor et al). However, head trauma 
has been linked to PD in some epidemio- 
logic studies™ and, in their review of 
posttraumatic movement disorders, 
Koller and colleagues” suggest that 
“trauma can probably worsen Parkin- 
son’s disease or perhaps even make a 
latent process apparent.” They included 
peripheral trauma and head trauma in 
their review. Factor and Weiner” found 
a greater incidence of head trauma with 
loss of consciousness in a group of pa- 
tients with PD than in matched control 
subjects. They questioned the signifi- 
cance of their findings because of the 
long latency between the traumatic 
event and disease onset, despite com- 
pelling evidence that the pathologic pro- 
cess in PD begins many years prior to 
the onset of clinical symptoms. ”™” We 
also detected a long latency between 
head trauma and the onset of PD. 

Depigmentation of substantia nigra 
neurons with cell loss and neurofibril- 
lary tangles are seen in the brains of 
boxers with parkinsonian features dur- 
ing life.” Furthermore, head trauma 
has been associated with other neurode- 
generative disorders, including Alz- 
heimer’s disease“ and amyotrophic 
lateral sclerosis.“ Pathologic changes 
resembling Alzheimer’s disease were 
recently detected in the brains of boxers 
with dementia.” Additionally, Rudelli 
and colleagues* described patients with 
a dementia secondary to head injury 
that was neuropathologically identical 
to Alzheimer’s disease. These observa- 
tions suggest that head injury may not 
only be a significant risk factor for Alz- 
heimer’s disease but that head trauma 
may also cause a spectrum of neuropath- 
ological changes that can evolve many 
years after the traumatic event(s). 
While our data do not suggest that an 
episode of significant head trauma 
causes Lewy body PD, they do suggest 
that the pathophysiologic sequelae of 
head trauma should be further studied. 
Head trauma may be one of many risk 
factors that combine in a predisposed 
individual to induce the complex and, as 
yet unknown, cascade of chemical and 
metabolic events that eventually cause 
nigral cell death and PD. 
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There are several limitations to our 
study. First, our study considered pa- 
tients in whom the diagnosis of PD was 
not newly established, and risk factors 
identified in studies of prevalent cases 
may be influenced by differences in sur- 
vival of subgroups with PD. However, 
this type of bias tends to underestimate 
risk factors that carry a poor prognosis 
and is unlikely to substantially influence 
the exposures measured here. Second, 
we measured exposure histories by self- 
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report using a structured question- 
naire, which raises the possibility of re- 
call bias. If patients with PD are more 
likely to remember an exposure than 
are control subjects, the measured rela- 
tive risk would be spuriously high. 
However, the long latency between 
head trauma and the onset of PD in case 
patients and the equivalent estimate for 
control subjects does not suggest any 
important differences in the recall of 
significant head trauma by time frame. 
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Clinical and Genetic Analysis of Progressive Dystonia 
~ With Diurnal Variation 


John K, Fink, MD; Paula D. Ravin, MD; Michelle Filling-Katz, MD; Charles E. Argoff, MD; Mark Hallett, MD 


è We examined 17 patients with progres- 
sive dystonia with diurnal variation, a domi- 
nantly inherited, generalized dystonia that 
begins in childhood. Dystonia was typically 
least severe in the morning, increased as the 
day continued, and markedly improved with 
low doses of carbidopa-levodopa. We also 
studied the patient’s parents, children, and 
siblings from seven families. We observed a 
spectrum of neurologic involvement, pheno- 
typic variability among siblings, and incom- 
plete genetic penetrance. Progression of mo- 
tor impairment over several years, which 
reaches a plateau during late adolescence, is 
useful in distinguishing progressive dys- 
tonia with diurnal variation from cerebral pal- 
sy and degenerative disorders. It is impor- 
tant to recognize the subtle, as well the 
extreme, manifestations of progressive dys- 
tonia with diurnal variation because it is 
treatable. Genetic counseling must consider 
that mildly affected parents with little or no 
disability may have profoundly affected chil- 
dren. Appreciation of the phenotypic vari- 
ability and degree of genetic penetrance will 
permit detailed genetic and biochemical 
analyses. 

(Arch Neurol. 1991;48:908-91 1) 


rogressive dystonia with diurnal 
variation (PDDV) (Segawa’s dys- 
tonia) is a dominantly inherited, gener- 
alized dystonia’ that begins in child- 
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hood, usually fluctuates during the day, 
and dramatically improves with low 
doses of earbidopa-levodopa. Because of 
inadequate recognition, this treatable 
condition may be misdiagnosed as cere- 
bral palsy, familial spastic paraparesis, 
or psychogenic disturbance. Without 
treatment, PDDV may be disabling. 
We analyzed the clinical course of 17 
patients with PDDV, as well as their 
parents, children, and siblings from 
seven families to appreciate the clinical 
spectrum of this disorder. 


PATIENTS AND METHODS 


We studied 17 patients (five male and 12 
female) with PDDV and their parents, prog- 
eny, and unaffected siblings between July 
1984 and December 1989. Informed consent 
was obtained from the adult subjects and the 
parents of minor patients. We made the ini- 
tial diagnosis of PDDV in 12 patients. In five 
patients diagnosis was established previous- 
ly. Patients’ ages ranged from 4 to 45 years at 
the time of our initial examination. Progres- 
sive dystonia with diurnal variation was di- 
agnosed on the basis of primary, generalized 
dystonia that began in childhood, exhibited 
diurnal fluctuations, and improved with low 
doses of carbidopa-levodopa. The criterion of 
diurnal fluctuations was not used in three 
patients whose first-degree relatives had 
typical fluctuations. Two mildly affected pa- 
tients are untreated and one patient is treat- 
ed with trihexiphenidyl. The diagnosis of 
PDDV in patient 6, who died before our eval- 
uation, was made after we examined and 
treated similarly affected siblings and re- 
viewed his medical records and videotape 
recordings. One patient, who was previously 
evaluated at the National Institutes of 
Health, Bethesda, Md, was interviewed by 
telephone, but was not reexamined. 


RESULTS 
Laboratory Findings 


The results of routine laboratory 
tests on 14 patients, incuding complete 


blood cell count, serum copper, cerulo- 
plasmin, amino acid analysis, and elec- 
trolytes, were normal. Cranial magnet- 
ie resonance imaging and/or computed 
tomographic scans (in 14 patients) were 
normal. Reduced concentrations of ho- 
movanillic acid and biopterin in cerebro- 
spinal fluid (in patients 4, 5, 10, and 11) 
and tetrahydrobiopterin (BH,) adminis- 
tration (in patients 4, 5, 10, 13, and 14 
through 15)*° have been reported 
previously. 


Onset, Progression, and 
Distribution of Dystonia 


The clinical characteristics of our pa- 
tients with PDDV are summarized in 
























Family- Dystonia 
Patient Age,yt/ Age at Progression 
No. Sex Onset, y (Age, yt) 
l-1 45/F 8 Yes (8-14) 
1-2 27/F 12 No 
1-3 11/M 1.6 Yes (1.5-2) 
1-4 8iM 1.5 Yes (1.5-3) 
1-5 117M 1 Yes (1-2) 
il-6 12/F 2 Yes (5-11)§ 
H-7 TIF 5 Yes (5-7)§ 
V-8 7iM 1.5 Yes (1.5-5) 
iv-9 4/M ~2 No. 
V-10 30/F ~3 Yes (6-16) 
V-11 34/F ~3 Yes (6-15) 
V-12 11/F 9 Yes (9-11)§ 
Vi-13 30/F 11 Yes (11-14) 
Vi-14 34/F 9 Yes (9-15) 
Vi-15 27/F 7 Yes (7-14) 
Vi-16 32/F 7 Yes (7-13) 
- 14/F 7 Yes (7-12)§ 
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the Table. Prenatal and perinatal peri- 
ods and early developmental milestones 
were normal in all patients. Difficulty 
walking due to pes equinovarus, noted 
at 1.5 to 11 years of age (mean age, 6 





action in all patients. It was symmetric 
in three patients and asymmetric in 14 
patients, with moderate to marked 
asymmetry in seven of them. At least 
mild corticospinal tract dysfunction (ve- 








fected siblings (of one patient) or par- 
ents (of twe patients) had typical diurnal 
fluctuations. 


Therapy 








£ years), was the initial symptom in each locity-dependent spasticity and hyper- Fourteen patients were treated with 
patient. Inthe majority of patients, dys- reflexia) was present in 12 of 16 patients levodopa (0.7 to 2.9 mg/kg per day) and 
tonia began as a progressively worsen- examined. In six patients, spasticity carbidopa (0.2 to 0.7 mg/kg per day) and 
ing condition. In three patients (pa- was moderate to marked and equaled have experienced marked clinical im- 
tients 6, 10, and 11), however, the degree of dystonia. Extensor plan- provement. There has been no appear- 
worsening of symptoms did not begin tar responses (11 patients) often disap- ance of tolerance in 6 months to 13 years 
until several years after the initial ap- peared with carbidopa-levodopa thera- (mean, 5 years) of treatment. One pa- 
pearance of dystonia. The period of pro- py (at least five patients). Myoclonic tient, unable to tolerate carbidopa-levo- 
gression lasted 3 to 11 years (mean, 7 dystonia was present in two brothers. dopa because of nausea, has benefited 
years). Dystonia remained relatively Diurnal Fluctuation from trihexyphenidyl (10 to 50 mg/d) for 
constant thereafter. None of seven more than 10 years. Two mildly affected 
b adults had worsening of dystonia after Fourteen patients had diurnal fluctu- patients (patient 2, age 27 years, and 
age 15 years. Thus far, dystonia has ation of motor performance due to in- patient 10, age 5 years) are currently 
been nonprogressive in one mildly af- creased dystonia and spasticity. These untreated. 
fected child and one adult (ages 5 and 27 fluctuations differed from gradual, fa- Adverse effects of carbidopa-levo- 
years, respectively). In 15 patients,  tigue-related worsening seen in many dopa therapy were frequent and includ- 
however, dystonia increased in the ini- disorders, because symptoms worsened ed nausea (11 patients); choreoathetosis 
tially affected region and spread to the at approximately the same time each (three patients); behavorial hyperactiv- 
contralateral lower extremity, pelvis day. Fluctuations were of variable in- ity and attention deficit disorder (two 
(11 patients), trunk (seven patients), tensity, sometimes representing the patients); insomnia, paranoia, and de- 
upper extremities (12 patients), and difference between ambulation andnon- pression (one patient); and hypomania 
neck (10 patients). Jaw and facial in- ambulation (four patients). The fluctua- (one patient). These side effects were 
volvement (six patients) was generally tion rate also varied. In 10 patients, reversible with dosage reduction. 
asymptomatic (five patients). Speech improved motor function lasted 1 to 4 G 
A x i A enetic Analysis 
and swallowing were involved in two hours after awakening and reached a 
brothers. The natural history ofthe dis- nadir around 10 AM to 12:00 noon. In The families were of nonconsanguin- 
* order was partially obscured in four four patients, however, it lasted only 30 eous, non-Jewish, northern European 
children because carbidopa-levodopa to 45 minutes after awakening each ancestry (Swedish/Norwegian, Ger- 
was prescribed before progression had morning, and two of these patients were — man/Norwegian, English/Irish, Eng- 
spontaneously abated. ambulatory only during this interval. _ lish-French/German, American Indian- 
Neurologic deficits were limited to Improvement following an afternoon _ Irish/Swedish-Polish, English-Irish/ 
pyramidal and extrapyramidal sys- nap was typical, but not as pronounced Norwegian, English/English-Dutch). 
tems. On examination, dystonia was as that seen in the morning. Diurnal The pedigrees of these families are 
generalized, affected the lower extrem- fluctuations were absent in three mildly shown in the Figure. We examined 17 of 
ities most severely, and increased with affected patients whose severely af- 20 parents and obtained information 
Clinical Analysis of Progressive Dystonia With Diurnal Variation* 
Dystonia Distribution Extensor Plantar Response 
rremanen enen tee, nnn Asymmetry Functional 
. Legs Arms of Dystonia impairment 
k and and Blink- Lower Spasticity and Pre- Pre- Pre- 
Ankles Pelvis Trunk Neck Hands ing Face Speech Hyperreflexiat treatment Treatment treatment treatment 
+S +8 ad a +S = = = Moderate|| = - Moderate Moderate 
+E ~- +8 - ~ - - _ None! - NT Mild None 
+8 +S +8 +S +S +E +E +S Marked]| + + Symmetric Marked 
+8 +S - +S +S +E +E - Marked|| + + Symmetric Marked 
+S +S +S +S +S +E +E +S Marked] + NT Symmetric Marked 
+8 +S a +S +S ka = a Miid/! + iam Moderate Moderate 
+8 +S +S +8 +S - - - Mildi| + - Mild Marked 
+5 +S +8 +S +S +E +E e Marked/| + + Moderate Marked 
+E w = ~ +E ~ - - None + NT Mild None 
+S +S +8 +S +8 +E - - Mildi] - - Mild Marked 
+S +S = = +S - - £ Moderate || A = Moderate Marked 
+S = - = +E kg - S Mild! i = Moderate Mild 
+5 +S +5 = S = E or Nonefi NE = Marked Marked 
+8 - - +5 +S a +S - Mild}! + ~ Mild Moderate 
+S ~~ = +8 +S = kan i None® NE + Mild Marked 
+8 - +8 - - - - - NE NE NE Mild Mild 
+5 +S as +5 +S m - a Mild!) + = Moderate Moderate 


*Plus sign indicates present; minus sign, absent; E, clinically evident; S, symptomatic; NT, no treatment; and NE, not examined. 
xe TAge at last clinical evaluation. 

há 4Age during progression of symptoms. 
§Carbidopa-levodopa was prescribed before dystonia progression had spontaneously abated. 


Without medication. 
‘With medication. 
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Unaffected 
BB Clinically Affected, Typical PDDV 


Mild Extrapyramidal Disturbance Such as Torticollis or Tics; Not Classic PDDV 


J Possibly Affected: Subtle Gait Disturbance (Such as Asymmetric Heel Strike) 
but Younger Than Age at Disease Onset in Family Members 


Not Examined 


At Risk: Normal Examination but Younger Than the Age at 


Disease Onset in Family Members 


Miscarriage 





Pedigree analysis of progressive dystonia with diurnal variation (PDDV). 


about unavailable (one) and deceased 
(two) parents. Four of the 20 parents 
(20%), all women, had extrapyramidal 
disturbance, including typical PDDV 
(two parents), blepharospasm and oral- 
facial dyskinesia (one parent), and torti- 
collis and blepharospasm (one parent). 
Two parents were more severely affect- 
ed (moderate to marked disability) than 
were their children (no disability or mild 
disability). Two parents had only mild 
symptoms (no disability) yet had chil- 
dren with marked dystonia, requring 
wheelchair use. 

Five individuals (all women) with 
PDDV or mild disturbance of the extra- 
pyramidal system had a total of 15 chil- 
dren, of which eight (53%) had PDDV. 
Although neurologically normal, sever- 
al children (less than 5 years of age) are 
considered at risk for developing 
PDDV, because they are younger than 
the presenting age of their family mem- 
bers. Spontaneous abortion was re- 
ported by only one patient. 

The patients’ siblings (13 full and four 
half siblings) were evaluated by physi- 
cal examination (16 siblings) or tele- 
phone contact (one sibling) and found to 
be unaffected. Thus, 17 (50%) of 34 sib- 
lings (full and half) had PDDV. Al- 
though involvement among siblings was 
generally similar, there was marked 
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heterogeneity in one family—patient 8 
had severe dystonia and was not ambu- 
latory while his brother (patient 9) had 
only mild foot dystonia that did not re- 
quire treatment. 


COMMENT 


Progressive dystonia with diurnal du- 
ration is an important and treatable dis- 
order that should be considered in chil- 
dren and adults presenting with gait 
disturbance. It is readily diagnosable in 
patients with childhood-onset dystonia 
that fluctuates during the day and pro- 
gresses over several years, particularly 
when there are similarly affected family 
members. Clinical suspicion and a trial 
of carbidopa-levodopa should not de- 
pend on a typical family history and di- 
urnal fluctuations, however. There may 
not be similarly affected family mem- 
bers because of incomplete genetic pen- 
etrance and phenotypic variability. Di- 
urnal fluctuations may be subtle, 
absent, or unrecognized if they occur 
rapidly or early in the morning. Pro- 
gressive dystonia with diurnal duration 
should also be considered in patients 
with marked, generalized spasticity and 
only mild dystonia. It is essential to ask 
about similarly or even subtly affected 
family members and whether motor 
performance is significantly better 


(even for only 30 to 60 minutes) early in 
the morning or following an afternoon 
nap. Demonstration of reduced biop- 
terin concentration in cerebrospinal flu- 
id, although useful in confirming the 
clinical diagnosis, is not specific for 
PDDV. Decreased BH’ has been re- 
ported" in Parkinson’s disease, Shy- 
Drager’s syndrome, and Steele-Rich- 
ardson-Olszewski syndrome and might 
be expected in other degenerative con- 
ditions associated with a decreased 
number of BH*-containing catechol- 
amine or serotonin neurons. 

The absence of cognitive impairment 
(Hallervorden-Spatz disease),’ organo- 
megaly and vertical gaze disturbance 
(Niemann-Pick disease type C), amino- 
aciduria (biopterin synthetase deficien- 
ey’ and glutaric acidemia’), and Kayser- 
Fleisher rings (Wilson's disease) helps 
exclude degenerative conditions associ- 
ated with dystonia. Pigmentary reti- 
nopathy, similar to that occurring in 
neuronal ceroid lipofuscinosis, has been 
reported in a family with PDDV.” Onset 
of dystonia (particularly focal dystonia) 
in adulthood” and continued progres- 
sion in the third decade of life are more 
consistent with dominantly inherited or 
idiopathic torsion dystonia than with 
PDDV. However, only the response to 
carbidopa-levodopa can reliably distin- 
guish these types of dystonia. 

Pyramidal tract disturbance is com- 
mon, may be prominent (six of our pa- 
tients), and often leads to erroneous di- 
agnoses of familial spastic paraparesis 
and cerebral palsy." Normal develop- 
mental milestones, onset of symptoms 
after infancy, and progression of symp- 
toms over several years distinguish 
PDDV from cerebral palsy. Lack of pro- 
gression beyond adolescence and ab- 
sence of bladder and bowel involvement 
distinguish PDDV from familial spastic 
paraparesis. 

Progressive dystonia with diurnal 
variation is often misdiagnosed in pa- 
tients and its symptoms are ascribed an 
emotional basis. This occurred in nearly 
half of our patients. This misdiagnosis 
may be particularly common when a 
child can freely walk to school or during 
an early morning visit to the physician’s 
office, but is unable to walk later in the 
day. Psychogenic movement disorder 
should remain a diagnosis of exclusion 
and should not be considered until after 
a trial of carbidopa-levodopa. 

Carbidopa-levodopa therapy pro- 
vides rapid and sustained clinical im- 
provement. Although clinical response 
is obvious within 24 to 48 hours, maxi- 


mum benefit, requiring dosage optimi- . 


zation and physical therapy, may re- 
quire 8 weeks or longer. We use the 
following diagnostic trial: earbidopa-le- 
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vodopa (Sinemet 25/100) is initiated as a 
half tablet each day for 2 days and then 
increased to 1.5 to 2 tablets each day (in 
two to three divided doses) over 7 to 10 
days; this dosage is maintained for 
T days, and if there is no improvement, 
discontinued over 7 days. Administra- 
tion of carbidopa-levodopa in a double- 
blind, placebo-crossover manner may 
be useful for selected, consenting pa- 
tients. Dose-related side effects are fre- 
quent, particularly when beginning 
therapy. Carbidopa-levodopa treat- 
ment may be delayed until adulthood 
and still provide long-lasting benefit. 
Patients unable to tolerate carbidopa- 
levodopa have benefited from tri- 
hexyphenidyl. 

Pedigree analysis (Figure) in our pa- 
tients suggests dominant mendelian in- 
heritance because the incidence of dys- 
tonia in the children of affected parents 
was approximately 50%. Pseudodomin- 
ant inheritance cannot be excluded, 
however. The high female-to-male ratio 
(11:6) raises possibilities of reduced via- 
bility of affected male fetuses, X-linked 
inheritance, sex-influenced expression, 
or ascertainment bias. There was no ev- 
idence of reduced fertility or frequent 
miscarriages to suggest reduced fetal 
viability. Although X-linked inheri- 
tance in our families cannot be excluded, 
two previous reports’" have each had 
evidence of male-to-male transmission. 
If the disorder in our patients is identi- 
cal to that in these other families, and 
not a highly similar phenocopy, it is like- 
ly that expression of PDDV is sex 
influenced. 

Ascertainment bias could also con- 
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tribute to the high female-to-male ratio. 
There was a trend in our study for male 
individuals to be affected earlier and 
more severely than female individuals. 
This was particularly true with respect 
to pyramidal tract disturbance. It is 
possible that male patients are more fre- 
quently diagnosed as having severe ce- 
rebral palsy, while female patients may 
remain sufficiently ambulatory to have 
dystonia accurately recognized. 

The occurrence of spontaneous muta- 
tions and nonpaternity must be consid- 
ered when estimating genetic pene- 
trance. Spontaneous mutation cannot 
be excluded in families III, VII, and— 
possibly —II, in which neither parent is 
affected and in which only one child has 
PDDV. Nonpaternity (and possibly 
autosomal recessive inheritance) cannot 
be excluded in family IV. Among fam- 
ilies with evidence of genetic trans- 
mission (either parents and children af- 
fected or more than one affected child 
per family), three (of seven) sets of par- 
ents had no evidence of extrapyramidal 
dysfunction. Disease penetrance is thus 
incomplete and estimated to be 4/7 or 
57%. 

Marked phenotypic variability within 
and between families was noted with 
respect to the occurrence, rate, and 
magnitude of diurnal fluctuations, the 
degree of dystonia (which varied from 
no disability to profound impairment), 
and involvement of oral-pharyngeal 
musculature. In general, diurnal fluctu- 
ations were less apparent in those with 
only mild dystonia as well as in three 
profoundly affected children, who only 
had brief periods of improved motor 
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function each morning. The genetic and 
biochemical basis for phenotypie vari- 


ability is not known. Clinical heteroge- < 


neity within a family is presumably re- 
lated to the presence of modifying 
genes, whose expression ameliorates or 
exacerbates the tendency for dystonia. 
Heterogeneity between families may be 
related to the effect of different muta- 
tions affecting the same gene. On the 
other hand, we cannot exclude the pos- 
sibility that different families represent 
phenotypically similar disorders due to 
mutations of different genes. 

The biochemical basis of this disorder 
is not known. Although marked levo- 
dopa responsiveness suggests a defi- 
ciency of dopamine or dopaminergic 
neurons, it is also possible that levodopa 
compensates for another neurotrans- 
mitter disturbance. Whether BH, defi- 
ciency reflects decreased BH, synthe- 
sis, increased BH, catabolism, or fewer 
BH,-containing neurons” (catechola- 
minergic and serotonergic) is not clear. 
The physiologic basis for greater occur- 
rence (and/or greater recognition) of 
this disorder in female individuals is also 
not known. Understanding the clinical 
spectrum of this disorder is a prerequi- 
site for detailed genetic and neurochem- 
ical analyses. Moreover, appreciation of 
the subtle and extreme manifestations 
of this disorder will lead to greater rec- 
ognition of treatable patients. 
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Abnormalities of Cutaneous Blood Flow Regulation in 
Patients With Reflex Sympathetic Dystrophy as 
Measured by Laser Doppler Fluxmetry 


Mark D. Bej, MD, Robert J. Schwartzman, MD 


è The response of cutaneous blood flow to 
autonomic stimuli was evaluated in eight pa- 
tients with clinically staged reflex sympa- 
thetic dystrophy and eight healthy control 
subjects. Blood flow was measured in the 
affected and contralateral extremities by la- 
ser Doppler fluxmetry. Five autonomic stim- 
uli were applied to the contralateral extremity 
during blood flow measurement in the ipsi- 
lateral affected extremity. Affected limbs of 
patients with reflex sympathetic dystrophy 
were found to have statistically significantly 
increased blood flow during the Valsalva ma- 
neuver and cold pressor test, while blood 
flow decreased in normal controls. No signif- 
icant differences were found in limb tempera- 
ture or baseline blood flow between patients 
and controls. Reflex sympathetic dystrophy 
stage did not affect response to the proce- 
dures. Control subjects demonstrated a 
rhythmic cycling of cutaneous blood flow 
that was absent in patients with reflex sym- 
pathetic dystrophy. These results support a 
central abnormality of the sympathetic ner- 
vous system in reflex sympathetic 
dystrophy. 

(Arch Neurol. 1991 ;48:912-915) 


R eflex sympathetic dystrophy (RSD) 

is a symptom complex character- 
ized by pain, hyperesthesia, vasomotor 
instability, temperature changes, and 
subsequent dystrophy of the affected 
body part. The condition was first de- 
scribed by Mitchell” in 1864 and has 
been divided into stages.’ Stage I 
(acute) consists of burning or aching 
pain, hyperalgesia, edema, dysthermia, 
and inereased hair and nail growth. 
Stage II (dystrophic) consists of brawny 
edema, hyperhidrosis, livedo reticu- 
laris, cyanosis, hair loss, and hypother- 
mia. In Stage ITI (atrophic) disease, the 
pain spreads proximally, the skin thins, 
vasomotor instability is prominent, fas- 
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cia thickens, contractures occur, and 
there is atrophy of all affected tissues. 
Initiation of RSD is generally secondary 
to trauma, but many other precipitating 
factors have been identified.’ Progres- 
sion by stages is variable, and occasion- 
ally the condition may resolve spontane- 
ously.’ 

Multiple theories regarding the 
pathogenesis of RSD have been ad- 
vanced.™" Due to the characteristic 
mottling, edema, and vasomotor 
changes, RSD has long been considered 
a manifestation of sympathetic nervous 
system dysfunction.” In support of this 
theory, sympathetic ganglionic block- 
ade or sympathectomy frequently alle- 
viates the pain and symptoms of stage I 
disease.” 

The purpose of our study was to mea- 
sure the cutaneous blood flow in the 
affected and contralateral extremities 
of patients with RSD in response to var- 
ious maneuvers that influence autonom- 
ic tone to understand further the auto- 
nomic physiology in patients with RSD. 


PATIENTS AND METHODS 


The most affected extremity and the con- 
tralateral extremity (either affected or unaf- 
fected) of eight patients with various stages 
of RSD were studied (Table 1). In all pa- 
tients, disease was staged according to es- 
tablished criteria.’ The patients’ mean 
(+SD) age was 34+7 years; seven patients 
were women and one was a man. One arm of 
each of eight normal control subjects was also 
studied. The normal controls consisted of five 
women and three men with a mean age of 
27+5 years. All subjects participated in the 
study after first providing informed consent. 

Cutaneous blood flow was measured with a 
laser Doppler monitor (LaserFlo BPM-403- 
ATSI; TSI Ine, St Paul, Minn). This unit 
utilizes a low-power (1.6-mW) helium-neon 
laser, whose light is delivered to the skin 
surface via a flexible fiberoptic cable and is 
zeroed against a white surface according to 
manufacturer's instructions. The return sig- 
nal is converted to a measurement of blood 
flow, volume, or velocity in the epidermal 
capillary loops,“ according to a model devel- 
oped by Bonner et al.” The monitor's analog 
0- to 2.5-V output was connected through an 
analog/digital converter board (DT-2801; 
Data Translation, Marlboro, Mass) to a mi- 
crocomputer (IBM-XT; International Busi- 
ness Machines, Boca Raton, Fla). Digital 


blood flow data were collected 30 times per 
second, averaged, and stored. 

All subjects were examined after they had 
voided. They practiced the Valsalva maneu- 
ver and squeezing the dynamometer (Smed- 
ley-type; Therapeutic Instruments, Clinton, 
NJ) in several sessions preceding the experi- 
ment, A maximum strength was recorded for 
each hand. All patients rested in the supine 
position for at least 10 minutes before the 
initiation of studies and remained thus 
throughout the study. Lights were dimmed, 
and noise was kept to a minimum. Blood 
pressure, pulse, and extremity tempera- 
tures were recorded. The laser Doppler 
probe was placed dorsally, proximal to the 
web of the second and third digits, and the 
hand was lightly taped to the bed. A 2-minute 
baseline (“long-baseline”) reading was re- 
corded. In normal controls, the laser Doppler 
probe was placed on the nondominant hand, 
and all five procedures were performed with 
the dominant hand. 

In patients with RSD, the laser Doppler 
probe was first placed on the most affected 
extremity, and the contralateral extremity 
was used for the procedures. The process 
was then reversed, with the probe on the 
contralateral extremity. This extremity 
could be symptomatic (affected) or nonsymp- 
tomatic (unaffected) due to RSD. The most 
affected extremity was now used for the five 
procedures. In the tables, affected, unaffect- 
ed, and normal refer to the extremity with 
the probe, not the extremity undergoing the 
procedures. 

The five procedures in the protocol were, 
in the order performed: (1) hyperventilation, 
(2) Valsalva maneuver, (3) dynamometer 
static grip, (4) exercise, and (5) cold pressor 
test. A 30- to 60-second baseline (“short- 
baseline”) reading was obtained immediately 
before each procedure. Timing marks were 
inserted into the data stream to indicate 
when the patient was instructed to begin and 
end each procedure. Sufficient time, usually 
1 to 3 minutes, was allowed between proce- 
dures for the blood flow to return to the 
previous short-baseline value. Each proce- 
dure is described below: 

1. Hyperventilation; Deep breathing was 
coached by one of us (M.D.B.) for maximal 
effort and was sustained for 30 seconds. 

2. Valsalva maneuver: The patient ex- 
haled a full-inspiration breath through dis- 
posable positive end-expiratory pressure 
valves, attaining a minimum pressure of 30 
em H,O. Before the study, each subject prac- 
ticed this exhalation so that he or she just 
opened the valves. Exhalation continued for 
30 seconds, or as limited by breath volume. 

3. Dynamometer: This maneuver consist- 
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ed of maintaining static grip for 30 seconds at 
one half of the previously determined maxi- 
mal strength of that hand. 

4. Exercise: The extremity was fully 
flexed and extended, at the elbow or the 
knee,.at a maximal rate for 30 seconds. 

5. Cold pressor test: The extremity was 


“Inserted to the level of the wrist or ankle in 
“water at 0°C for 30 seconds. It was then 


allowed to return to baseline temperature. 
The percent change in cutaneous blood 
flow, A%J, was calculated for each procedure 
with the following formula: 
AG] = (J, = J, Nd, x 100%, where J, is the av- 
erage blood flow during the procedure, and J, 
is the average short-baseline blood flow. Per- 
cent change flow among the categories of 
extremities was compared with Student’s t 
test, and corrected for multiple comparisons 
by the method of Tukey-Kramer.” Analy- 
sis of variance was used to evaluate interlimb 
temperature differences. A commercially 


available software package (SYSTAT; Sys- 


tat Ine, Evanston, Ill) was used for all statis- 
tical analyses. 


RESULTS 


The age, sex, stage, site of maximal 
involvement, and precipitating insult of 
all patients with RSD are summarized 
in Table 1. Baseline blood flow, skin 
temperature, and percent change in 
blood flow with each procedure are sum- 
marized in Table 2 and Fig 1. P values 
for comparison of affected vs unaffected 
limbs, affected vs normal control limbs, 
and unaffected vs control limbs are list- 
ed in Table 3. 

The P values were obtained from Stu- 
dent’s t test corrected for multiple com- 
parisons. Few patients with RSD were 
able to squeeze the dynamometer with 
their affected limb, resulting in an insuf- 
ficient number of blood flow measure- 
ments in unaffected limbs for a t test to 
be performed on the results of this pro- 
cedure. The comparison of affected and 
normal limbs in this protocol is thus Stu- 
dent’! ¢ test without the Tukey-Kramer 
correction. 

Statistical significance at the P<.05 
level was achieved for the comparison of 
affected vs normal limbs for the cold 
pressor test and Valsalva maneuver. In 
normal controls, blood flow decreased 
or remained essentially unchanged in 
the extremity opposite the one being 
stimulated during the procedure. In pa- 
tients with RSD, however, blood flow 
generally increased in both affected and 
unaffected limbs. This was the case for 
stimuli acting through both central and 
peripheral pathways. 

No other comparisons were signifi- 
cant at this confidence level. The trend 
was for the unaffected limbs of patients 


» with RSD to respond more like affected 


limbs rather than normal control ex- 
tremities. There were no definable dif- 
ferences among the three groups with 
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Table 1.—Data for Patients With Reflex Sympathetic Dystrophy Studied Lp 












































































Procedure Affected 


Patient/Age, Site of 

y/Sex Stage Maximal Involvement Precipitating Event 
1/30/F u R leg Arthroscopy 
2/36/F iit L arm Intravenous catheter insertion 
3/30/F iH L leg No insult known 
4/49/M i L arm Trauma to hand and surgery i 
5/29/F i R teg L-5-S-1 laminectomy 
6/35/F il R hand Finger trauma 
TVi3TIF J R arm Motor-vehicle accident 

H R arm Shoulder dislocation and 


Table 2.—Mean + SD Baseline Blood Flow, Skin Temperature, and Percent Change in 
Cutaneous Blood Flow in Affected, Unaffected, and Normal Limbs 
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“Insufficient number of patients was available to complete procedure. 


100 


——-®————_ Affected 
— me A- — 
Rees gia +®------ Normal 


50 


% Change in Blood Flow 


HV Val 


Baseline flow, mL/min 

per 100g 1.0 + 0.5 1.3 + 0.5 2.3 + 2.0 
Skin temperature, °C 32.7 + 3.4 32.2 + 3.1 32.8 + 4.4 
Hyperventilation, % +33 + 49 +27 + 35 +2 + 17 
Valsalva, % +14 + 32 +5 + 49 —32 + 34 
Exercise, % +85 + 116 +91 + 143 
Cold pressor, % +34 + 57 +21 + 37 
Dynamometer, % +2 +4 12 +0O+..,% 


Unaffected 








Dyn Exer CP 


Procedure 


Fig 1.—Percent change in blood flow with each procedure in affected, unaffected, and normal 
limbs. HV indicates hyperventilation; Val, Valsalva maneuver: Dyn, dynamometer; Exer, exercise; 


and CP, cold pressor test. 


regard to extremity temperature 
(P=.95). Baseline cutaneous blood 
flow, although lower in patients with 
RSD, was not significantly different 
from that in controls (P=.13). Stage of 
RSD was not a significant factor in de- 
termining baseline blood flow (P=.71), 
response to Valsalva maneuver 
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(P =.98), or response to the cold pressor 
test (P = .47). 

During measurement of the short- or 
long-baseline blood flow, the instanta- 
neous flow in patients with RSD in ei- 
ther limb was remarkably stable. In 
contradistinction, instantaneous blood 
flow of normal controls fluctuated wide- 
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Table 3.—Tukey-Kramer P Value for Pair-Wise Comparisons in Affected, Unatfected, 
and Normal Limbs 


Affected 
vs 
Procedure Unaffected 


Affected Unaffected 
vs vs 


Normal Norma! 





Initial flow .88 


git 36 





Skin temperature .97 


-99 





Hyperventilation 35 
Valsaiva 








.22 
.05 





-31 





Cold pressor 


05 





92 

Exercise 99 
86 

* 


Dynamometer ore 


“insufficient number of patients was available to complete procedure. 





-38t 


+Student’s t value without Tukey-Kramer (only one group remains). 
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Fig 2.—Long-baseline measurement recording of blood flow over time in contro! subject 5. 
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Fig 3.—Long-baseline measurement recording of blood flow over time in patient 8 with reflex 


sympathetic dystrophy. 


ly over time in a sinusoidal pattern. As 
such, it was difficult to determine when 
rebound effects ceased and when nor- 
mal-baseline blood flow began. This is 
best illustrated by a comparison of the 
long-baseline measurement of control 
subject 5 (Fig 2) with the long-baseline 
measurement of patient 8 with RSD 
(Fig 8). 
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COMMENT 

Current support for the role of the 
sympathetic nervous system in the 
pathogenesis of RSD is based primarily 
on the relief of signs and symptoms of 
the disease by sympathetic denerva- 
tion. In its later stages, the disease is 
most often sympathetically indepen- 
dent." The nature of the sympathetic 





defect, its extent, and its sustaining 
mechanisms are unknown. Our study 
demonstrates that the defect is, at least 
in some aspect, central. 

In our study, subjects completed five 
procedures that stimulate the autonom- 
ic nervous system. The Valsalva ma- 
neuver increases right atrial pressure” 
by stimulation of arterial baroreceptors 
and cardiac mechanoreceptors.” The ef- 
fects of exercise and handgrip on the 
sympathetic system are most likely me- 
diated by peripheral receptors in mus- 
cle.” Hyperventilation may also act via 
peripheral receptors in the muscles of 
respiration, but it produces a respira- 
tory alkalosis as well, stimulating arte- 
rial chemoreceptors.” The cold pressor 
test activates sympathetic neurons in 
the intermediolateral column of the spi- 
nal cord.” Their postsynaptic sympa- 
thetic efferent fibers synapse with vaso- 
constrictive a and vasodilatory B, 
receptors on capacitance and resistance 
vessels.” Sympathetic vasodilator fi- 
bers have been identified in the fore- 
arm,” but blood flow in the hands, 
feet, ears, and lips has been shown to be 
mediated predominantly by changes in 
vasoconstrictor tone.” 

Our results indicate that cutaneous 
blood flow responds differently to pe- 
ripheral and central autonomic nervous 
system stimuli in patients with RSD 
than in normal controls. In control sub- 
jects, significant decreases in extremity 
blood flow were seen in the response to 
the Valsalva maneuver (32%) and cold 
pressor test (17%), which confirms the 
results of a prior study by Low et al.” 
Decreased blood flow in the extremities 
has also been described by Bannister 
and Mathias” for the Valsalva maneu- 
ver. These results also confirm those 
presented by Rosén et al,“ who dem- 
onstrated that the cold pressor test 
caused a mean 37.5% blood flow de- 
crease in controls but only a 0% to 8% 
drop in patients with RSD. The cold 
pressor and tilt tests cause an increase 
in plasma norepinephrine levels in nor- 
mal control subjects.” Plasma concen- 
tration of norepinephrine under these 
conditions in patients with RSD is 
unknown. 

The decreased blood flow seen during 
all procedures except hyperventilation 
suggests that blood is either pooled in 
the capacitance vessels of the extremity 
under study or is shunted to another 
body area. It would appear likely that 
exercise, handgrip, and hyperventila- 
tion would shunt blood to the exercised 
muscles. 

The response in patients with RSD is 
different from that of normal controls 
for all five autonomic stimuli. Blood flow 
was invariably increased in both the af- 
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fected and unaffected limbs. This find- 
ing of bilaterally increased blood flow, in 
conjunction with the clinical phenome- 
non of bilateral spread of pain, strongly 
suggests central involvement in RSD. 
A previous study demonstrated no side- 
to-side differences in skin temperature, 
blood flow, or skin conductance.” This 
can arise from a central defect that 
causes bilateral dysfunction of sympa- 
thetic control. We suggest that the bi- 
lateral extremity blood flow increases 
demonstrated in our study represent a 
loss of differential control of the blood 
supply to any one extremity, perhaps by 
deranged sympathetic vasoconstriction 
in the area of study or by abnormal sym- 
pathetic vasodilation in the resistance 
and capacitance vessels.” Under these 
circumstances, any central (chemore- 
ceptive or thermoreceptive) mechanism 
that causes increased blood flow may 
well have a global effect. Our data also 
indicate that the “unaffected” extrem- 
ity is much more likely to respond as an 
affected extremity, rather than as a nor- 
mal control extremity. 

In our study, there was no interlimb 
temperature difference in patients with 
RSD; nor was there a significant differ- 
ence between these patients and con- 
trols. This is in contrast to the results of 
previous studies.” Comparison of base- 
line blood flow in affected, unaffected, 
and control limbs also reveals no statis- 
tically significant differences. This is in 
contrast to a study by Sylvest and oth- 
ers” in patients with RSD that demon- 
strated both increased resting muscle 
temperature and global blood flow in 
affected extremities. However, the 
“normal controls” in their study were 
patients with nerve injuries without 
clinical RSD, rather than healthy sub- 
jects. This study revealed no correla- 
tion between limb temperature and 
baseline cutaneous blood flow. 

Vascular physiologists have long 
known of apparently spontaneous 
changes in arteriolar diameter.” 
These changes cause rhythmic varia- 
tions in cutaneous blood flow that vary 
widely from individual to individual and 
that can be blocked by topical applica- 
tion of anesthetic medications.” Pa- 
tients with RSD appear to have lost the 
ability to effect these variations, as evi- 
denced by the ease in establishing a 
“short-baseline” readings in these pa- 
tients compared with normal controls. 

The effects of medications, sympa- 
thetic block, and sympathectomy were 
not evaluated in our study. The RSD 
stage was not found to significantly af- 


¿fect baseline blood flow or responses to 


the Valsalva maneuver or cold pressor 
test. The only newly diagnosed, un- 
treated patient (patient 4) exhibited the 
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most dramatic response to all stimuli. 
Further study of patients with each 
stage of RSD, before and after the per- 
formance of specific therapeutic maneu- 
vers and the administration of medica- 
tions, is needed, to differentiate the 
effects of therapy on central and periph- 
eral sympathetic control of the cutane- 
ous blood flow in patients with RSD. Ifa 
consistent pattern can be identified, a 
noninvasive, quantifiable test for early 
confirmation of RSD may be achieved. 


This investigation was supported in part by grant 
080-01673 from the Pfeiffer Foundation, Santa 
Moniea, Calif. 
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Transient Ischemic Attacks With and Without a Relevant 
Infarct on Computed Tomographic Scans Cannot Be 
Distinguished Clinically 


Peter J, Koudstaal, MD; Jan van Gijn, MD; Jan Lodder, MD; Cor W. G. M. Frenken, MD: Marinus Vermeulen, MD; Cees L. Franke, MD; 
Albert Hijdra, MD; Carel Bulens, MD, for the Dutch Transient Ischemic Attack Study Group 


e We prospectively studied clinical and 
computed tomographic (CT) scan findings in 
79 patients with a transient ischemic attack 
(TIA) and a relevant cerebral infarction on CT, 
also known as cerebral infarction with tran- 
sient signs (CITS). We compared the results 
with those of 527 concurrent patients with 
TIA and without cerebral infarction and also 
with 646 patients with persistent neurologi- 
cal symptoms and a relevant infarct on CT. 
All patients were participating in a multi- 
center trial. In both groups, most infarcts 
were of the lacunar type. Compared with TIAs 
without cerebral infarction, patients with 
CITS slightly more often had a history of hy- 
pertension (52% vs 33%), the attacks lasted 
longer (>1 hour, 52% vs 34%) and disap- 
peared more slowly (over the course of 
hours, 39% vs 24%), and the symptoms more 
frequently involved speech (61% vs 41%). 


A transient ischemic attack (TIA) is 
defined as an acute focal neurologic 
deficit lasting less than 24 hours.’ This 
arbitrary time limit has proved inaccu- 
rate with regard to the integrity of brain 
tissue, since a proportion of patients 
with TIAs show a relevant cerebral in- 
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Despite these small differences, the re- 
verse—the prediction of evidence on CT of 
infarction on the basis of the nature or time 
course of symptoms—proved impossible, 
since in each category the majority of pa- 
tients had a normal CT sean. In comparison 
with patients with stroke and visible infarc- 
tion, patients with CITS slightly more often 
had abnormal speech (61% vs 45%) and hada 
larger number of attacks (multiple attacks, 
46% vs 18%). In conclusion, we found only 
minor clinical differences between patients 
with TIA with or without a relevant infarct on 
CT and equally small differences between 
patients with CITS and patients with stroke 
and cerebral infarction. These clinical simi- 
larities do not exclude a difference in 
prognosis. 
(Arch Neurol. 1991 ;48:916-920) 


farct on computed tomographic (CT) 
seanning.”* This condition has been 
called cerebral infarction with transient 
signs (CITS) by Waxman and Toole.’ 
These authors have speculated that pa- 
tients with CITS have a different lesion 
in the vascular tree than do patients 
with TIA and without a demonstrable 
infarct and that their prognosis is differ- 
ent. Bogousslavsky and Regli* initially 
found an association between CITS and 
occlusion of the carotid artery, but, in a 
subsequent study of 57 patients with 
TIA, including 16 with a cerebral infarct 
on CT seans, no specifie underlying 
cause was found.” Others, however, 
found an association between carotid 
stenosis” or carotid plaque ulceration” 


and cerebral infarction. With regard to 
the time course of the attacks, patients 
with CITS were found to have a signifi- 
cantly longer duration of symptoms and 
asmaller number of attacks.’ 

If CITS, indeed, represents a specific 
subgroup of patients with a different 
vascular cause and prognosis, this could 
be confirmed by differences in main 
symptoms (eg, cortical symptoms such 
as dysphasia), time course (eg, mode of 
onset), and prevalence of general vascu- 
lar risk factors. Therefore, we have pro- 
spectively investigated possible differ- 
ences in risk factors or in clinical 
manifestations in three groups: patients 
with TIA with or without a relevant 
cerebral infarction on CT scans, and pa- 
tients with a resolving (RIND) or non- 
disabling stroke and a corresponding in- 
farct on CT. 


PATIENTS AND METHODS 


All patients in this study were entered into 
a multicenter clinical trial, the Dutch TIA 
trial, which aimed to investigate the protec- 
tive effects of low-dose aspirin and atenolol 
administration in patients with a TIA or a 
nondisabling stroke. The background and de- 
sign of the study have been described else- 
where.” In summary, patients with one or 
more cerebral ischemic attacks were ran- 
domized to receive between 30 and 300 mg of 
acetylsalicylic acid, and, using a factorial de- 
sign, 1500 patients were also randomized to 
receive 50 mg of atenolol or a placebo. Pa- 
tients with cerebral ischemia from causes 
other than artery-to-artery embolism, such 
as polycythemia, thrombocytosis, thrombo- 
cytemia, anemia, hypoglycemia, vasculitis, 
or a cardiac source of embolism, were exclud- 
ed. Patients with minor strokes were eligible 
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for the trial as long as they were independent 
in most activities of daily living (grade 3 or 
better on the modified Rankin seale”). 

For the patient's history, a checklist was 
used on which the symptoms were recorded 
in plain language. The list contained a num- 

_ ber of detailed multiple-choice questions 
about the nature of the symptoms as well as 
about the time course, including the mode of 
onset, synchronicity of the symptoms, dura- 
tion of the attack, mode of disappearance, 
and the number of attacks. The list also con- 
tained information on the following vascular 
risk factors and vascular diseases: a history 
of hypertension, diagnosed by the general 
physician or an internist, either treated or 
not; a history of hyperlipidemia, diagnosed 
by an internist, treated or not; a history of 
diabetes, treated with oral or subcutaneous 
antidiabetics; angina pectoris; history of pri- 
or myocardial infarction; past bypass sur- 
gery; intermittent claudication; cigarette 
smoking, further specified as 20 cigarettes 
per day, more or less; and an enlarged heart, 
defined as a cardiothoracic ratio on chest 
roentgenogram of more than 0.5. 

Between March 1, 1986, and March 1, 
1989, a total of 3150 patients were random- 
ized into the study. In 24 patients, the diag- 
nosis was evidently wrong at the time of 
randomization (for instance, cerebral tumor, 
intracerebral hemorrhage, or vasculitis), 
and these patients were excluded from the 
analysis. We also excluded 54 patients for 
whom a CT scan was not obtained and 268 
patients in whom the interval between the 
CT sean and the neurological symptoms was 
less than 24 hours (233 patients) or unknown 
(35 patients). Of the remaining patients, we 
excluded 638 patients with symptoms sug- 
gesting ischemia in the posterior fossa (at 
least one of the following: rotatory dizziness, 
nausea, problems with swallowing, diplopia, 
imbalance, and loss of direction on moving 
the limbs), and 84 patients with monocular 
blindness. 

The clinical data and CT scan findings in 
the remaining 2082 patients were analyzed. 
Six hundred six patients had suffered a TIA 
(symptoms completely reversible within 24 
hours), 422 a RIND (symptoms lasting more 
than 24 hours, but completely reversed with- 
in 6 weeks), and 1054 a minor stroke (persist- 
ing symptoms or signs). 

All CT scans were made at the time of 
entry into the study but at least 24 hours 
after the onset of symptoms. No follow-up 
scans with or without contrast media were 
performed. The seans were independently 
and blindly reviewed by at least two neurolo- 
gists or by one neurologist and a neuroradio- 
logist. In case of disagreement, a third neu- 
rologist or neuroradiologist arbitrated. Only 
after this were the observers given access to 
clinical details to assess the relevance of the 
CT sean abnormalities. 

Cerebral infarcts were defined as well-de- 
fined radiolucent lesions and were subdi- 
vided into small deep lesions, cortical end- 
zone infarcts (superficial radiolucent areas, 
invelving the cortex), and border-zone in- 
farcts (wedge-shaped hypodensities in the 
boundary zone between two major cerebral 
arteries or between deep and superficial 
branches of the middle cerebral artery). Cor- 
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Table 1.—Presence and Type of Cerebral Infarction on CT in Patients With CITS k 
or Patients With Stroke * ; 


CT Finding 


Relevant infarct 
Smali deep 


Cortical endzone 
Border zone 











Stroke 
(n = 1476) 

p m, 
(%) 

(45) 

(67) 

(26) 

(7) 


*CT indicates computed tomography; CITS, cerebral infarction with transient signs; and TIA, transient 


ischemic attack. 
tResults from x? test. 


Hypertension 
Diabetes 
Hyperlipidemia 
Smoking 
Claudication 

Angina Pectoris 
Myocardial Infarction 
Coronary Bypass 
Enlarged Heart 


More Common 


in TIA 
Without Infarct 





1.5 


More Common 
in CITS 





Fig 1.— Vascular risk factors and vascular disease in cerebral infarction with transient signs (CITS) 
and transient ischemic attacks (TIAs) without cerebral infarction. OR indicates odds ratio. The. 


horizontal lines represent 95% confidence limits. 


tical end-zone infarcts were further specified 
as involving either the partial or complete 
territory of the supplying blood vessel. The 
size of the infarct was not measured. Small 
deep infarcts were further subdivided ac- 
cording to their location as follows: anterior 
limb of the internal capsule, genu, posterior 
limb, corona radiata, basal ganglia, thala- 
mus, or other. The infarcts were classified as 
recent if they were hemorrhagic or showed a 
mass effect, as old if adjacent ventricles or 
sulci were enlarged, and as of unknown onset 
in the remaining patients. The scans were 
classified as showing a relevant infarct only, 
an irrelevant infarct only, or both relevant 
and irrelevant infarcts, depending on the 
clinical symptoms. 

The data were analyzed by means of the 
Statistical Package for the Social Sciences 
and statistical software (Epistat). Yates’ cor- 
rected x” test was used where appropriate. 
Comparisons between the groups were ex- 
pressed as odds ratios (ORs) (the ratio of TIA 
with infarct to TIA without infarct, and the 
ratio of TIA with infaret to stroke with in- 
farct) with the corresponding 95% confidence 
intervals (CIs). A level of P<.05 was con- 
sidered statistically significant. 


RESULTS 


In 79 (13%) of 606 patients with TIA 
and 663 (45%) of 1476 patients with 
RIND or persisting stroke, a relevant 
infarct was found on CT (Table 1). No 
statistically significant difference was 
found between the two groups as far as 
type of infarction. 

The interval between the onset of the. 
neurologic symptoms and CT scanning — 
was not different for patients with TIA 
with or without infarction (X =7.22, 
df=5, P = .39) or for patients with CITS- 
or patients with stroke and cerebral in- 
farction Q°=10.16, df=5, P=.07): 
Only 11 patients had hemorrhagic in- 
farcts; these were two patients with 
CITS and nine patients who had experi- 
enced a stroke (y°=0.10, df=1, 
P=.74), 

No statistically significant differ- 
ences were found with regard to sex and 
age among TIAs without infarction, 
CITS, and strokes with cerebral 
infaretion. 
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Table 2.—Difference in Time Course of Symptoms Between Patients With TIA and With 
and Without Cerebral Infarct on CT* 


















































No infarct infarct Proportion With 
{n = 527) (n = 79) infarction in 

cece, —— Each Category, 

n (%) n {%) Pt % 
Mode of onset 

1s 293 (59) 44 (87) 43 
in seconds 163 (33) 25 (33) 13 
1-5. min 29 (8) 7 (9) 83 19 
6-60 min (1) 43 
Hours o 





All symptoms at 
one time 











(86) . 14 





Duration 



































































Seconds 12 (4) 2 (5) 14 
Minutes 325 (62) 38 (43) .0003 40 
1-12 h 136 (31) 17 (43) li 
13-24 h 52 (3) 21 (9) 29 
Disappearance 
Seconds 127 (24) 18 (23) 12 
1-5 min 139 (26) 15 (20) 02 10 
6-60 min 130 (25) 13 a7) 9 
Hours 429 (25) 31 (40) 19 
Attack frequency 
1 284 (54) 43 (54) 43 
2-3 177 (34) 28 (35) 93 14 
“4-10 47 (9) 6 (8) 








>10 









(3) 


* TIA indicates transient ischemic attack; CT, computed tomography. 
+Results from x? test. 


Motor Only 
Motor+Sensory+Speech 
Motor+Dysphasia 
Motor+Dysarthria 

Any Motor Symptoms 


Sensory Only 
Sensorimotor 
Any Sensory Symptoms 


Dysphasia 
Dysarthria 
Any Speech Disorder 








Visual Field Defect 


More Common 
in TIA 
Without Infarct 


1 1.5 2 


More Common 
in CITS 





: Fig 2.—Main symptom(s) in cerebral infarction with transient signs (CITS) and transient ischemic 
attacks (TIAs) without cerebral infarction. OR indicates odds ratio. The horizontal lines represent 


95% confidence limits. 


Comparisons Between Patients With 
TIA With or Without a Relevant 
Cerebral infarcton CT 
Vaseular Risk Factors and Vascu- 
> lar. Disease.— Figure 1 shows that pa- 
tients with TIA and cerebral infarction 
“more often were known to have hyper- 
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tension (52% vs 33%, P = .002). The dot- 
ted line in the figure indicates that the 
upper 95% confidence limit exceeded 
the value of 2.5. No other significant 
differences between the two groups 
were found. 

Time Course of Symptoms.—Table 


2 shows the differences in time course of — 
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symptoms between patients with TIA 
with or without cerebral infarction. No- 
differences were found in the mode of 
onset or in the number of attacks. The 
CITS group included more patients 
with attacks lasting longer than 1 hour 
(52% vs 34%, P = .0003) and, according- 
ly, more patients in whom the symp- 
toms were slower to disappear (in terms 
of hours, 40% vs 25%; P= .02). 

Despite this difference in time course. 
between patients with CITS or TIA, the 
prediction of CT infarction on the basis 
of the duration of the attack proved im- 
possible, since, in each category, the 
majority of patients had had a normal 
CT scan (Table 2). 

Nature of Symptoms. — In Fig 2, the 
differences in main symptoms between 
the two groups are shown. In patients 
with CITS, the symptoms more often 
involved speech (61% vs 41%, P=.001), 
either dysarthria (difficulty in pro- 
nouncing words) (OR = 1.95; 95% CI, 
1.11 to 3.42; P=.01) or dysphasia (diffi- 
culty in finding or understanding ` 
words) (OR = 1.89; 95% CI, 0.79 to 2.45; 
P =.27). Patients with CITS and motor 
symptoms more frequently described 
their symptom as weakness or clumsi- 
ness, whereas patients with TIA and 
without cerebral infarction more often 
complained of a “heavy” or “tired” limb 
(OR=2.23; 95% CI, 0.95 to 5.48; 
P= .06). The terms used in describing 
visual symptoms in one hemifield (hazy, 
flashlights, black, or blind) did not differ 
significantly between the two groups. 

No statistically significant differ- 
ences were found in accompanying 
symptoms, such as headache 
(OR=0.72; 95% CI, 0.33 to 1.51; 
P=.45), lightheadedness (OR =0.81; 
95% CI, 0.38 to 1.67; P = .67), or uncon- 
sciousness (five patients only, one of 
whom had an infarct on CT). 

The distribution of either motor ‘or 
sensory symptoms over an arm, a leg, 
and the face was not different between 
the two groups. 


Comparison Between Patients With CITS 
and Patients With Stroke and 
Cerebral Infarction on CT 


Vascular Risk Factors and Vascu- 
lar Disease. —F igure 3 shows no differ- 
ences in vascular risk factors or vascular 
disease between patients with CITS 
and patients with stroke and a demon- 
strable cerebral infarct. 

Time Course of Symptoms.—Since 
the duration of the attack differed by 
definition between patients with CITS 
and patients with stroke, both the dura- 
tion and rate of disappearance of symp- 
toms were not compared. The mode of 
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_. Fig 3.—Vascular risk factors and vascular disease in cerebral infarction with transient signs (CITS) 
< “and stroke with cerebral infarction. The horizontal lines represent 95% confidence limits. 
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Fig 4.—Main symptom(s) in cerebral infarction with transient signs (CITS) and stroke with cerebral 
infarction. The horizontal lines represent 95% confidence limits. 


onset was not significantly different be- 
tween the two groups but tended to be 
slower in patients with stroke (P = .08). 
The number of attacks was significantly 
smaller in patients with stroke (multiple 
attacks, 46% vs 18%; P<<.01). 

Nature of Symptoms.—Figure 4 
shows that the differences between the 
two groups were very small with regard 
to symptoms. Patients with CITS had 
had a slight preponderance of speech 

disturbances (61% vs 45%; OR = 1.88; 
95% CI, 1.14 to 3.09; P=.01), dysarth- 
< Yia in particular (OR = 1.68; 95% CI, 
0:94 to 2.81; P = .08). No difference was 


Sek 
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found in the patients’ description of vis- 
ual and motor disturbances, in the dis- 
tribution of motor and sensory symp- 
toms, or in the occurrence of light- 
headedness and headache as accomp- 
anying symptoms. 
COMMENT 

Our study shows only slight, and only 
a few, clinical differences between pa- 
tients with TIA with or without a rele- 
vant infarct on CT. The relative prepon- 
derance of attacks exceeding 12 hours in 
TIAs with infarction confirms the find- 
ings of Bogousslavsky and Regli.’ We 
also found a slower disappearance of 
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symptoms in these patients, but no dif- 
ference in the number of attacks. In 
contrast with this previous study, 
which showed that 84% of patients with — 
attacks lasting more than 45 minutes 
had a relevant infarct on CT scans,’ we 
found that the presence of cerebral in- 
farction could not be predicted from any 
of the time-course variables, since in 
each category patients with a normal 
CT scan formed a large majority. The 
single difference in the nature of symp- 
toms—dysarthria more often in pa- 
tients with TIA and cerebral infare- 
tion —is difficult to explain and may bea 
chance finding. Little is known about 
the predictive value of individual symp- 
toms with regard to the underlying ar- 
terial lesion or the prognosis of the pa- 
tient. This issue is currently under 
investigation in the Dutch TIA trial. 
Does CITS represent a subgroup of 
infarct with a specific vascular cause? 
This seems unlikely. First, in accor- 
dance with the findings of others,*" we 
found that the clinical manifestations of 
patients with TIA with or without in- 
farction mostly overlap. One might ob- 
ject that we did not perform a multivari- 
ate analysis. However, since the clinical 
differences that we detected in the uni- 
variate analysis were very small, the — 
results would not have changed our ulti- 
mate conclusion. Second, others found 
no difference in the prevalence of cardi- 
ac emboligenic abnormalities or extra- 
cranial arterial disease between the two 
groups." On the other hand, several in- < 
vestigators have reported an associa- 
tion between carotid stenosis™ or ca- 
rotid plaque ulceration” and cerebral ” 
infarction on CT, which suggests that 
CITS is associated with a more ad- A 
vanced degree of extracranial and intra- 
cranial arterial disease. Third, ina pre- 
vious study we found no difference in | 
the type of cerebral infarction (small ” 
deep, cortical end zone, or border zone) 
among patients with a TIA, RIND, or 
partial stroke but only in the frequency 
of relevant infarcts on CT." Finally, 
newer imaging techniques such as posi- | 
tron emission tomography and magnet- 
ic resonance imaging may be even more 
sensitive than.CT in documenting isch- 
emic lesions.” Separating patients 
with TIA by the results of CT scanning 
alone therefore seems inaccurate. Inad- 
dition, our study shows that the clinieal 
differences between patients with CITS 
and patients with stroke and cerebral _ 
infarction were equally small, which - 
suggests that CITS closely resembles. 
strokes with cerebral infarction, as do - 
TIAs without CT abnormalities. 
The next step will be to investigate 
whether CITS represents a clinical sub- 
group with a specific prognosis. In the 
























-coming years, we shall analyze the out- 
come of events in the same cohort of 
patients to determine possible differ- 
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ences among the following four groups 





of patients: those with symptoms last- 
ing less than 24 hours, those with symp- 
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Incorrect Data.—In the article entitled “Tuberculous Meningitis” that appeared in the 
December 1990 issue of the ARCHIVES (Arch Neurol. 1990;47:1813-1317), errors appeared 
in the body of Table 4 and in the footnote to that table. In the body of Table 4, in the last 
line under the heading “British Research Council on Admission,” the following value ap- 
peared: “2.4 + 1.7.” The last line under this heading should have been left blank. In the 


last line under the heading “Duration of Symptoms Prior to Admission, wk,” a blank space 
appeared. In the last line under this heading, the value of “2.4 + 1.7” should have 
appeared. The first sentence to the footnote in Table 4 read as follows: “Diagnostic cat- 
egories for tuberculous meningitis: seven, definite; two, probable.” The sentence should 
have read as follows: “Diagnostic categories for tuberculous meningitis: one, definite; two, 
probable.” 
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Nuclear Hemodynamic Vertebrobasilar Insufficiency 


A New Approach With the Xenon Xe 133 Method 


Paul Trouillas, MD; Norbert Nighoghossian, MD; Bernard Philippon, PhD 


è Vertebrobasilar insufficiency is a well- 
known syndrome, but no corresponding he- 
modynamic deficit has yet been established. 
We propose to define nuclear hemodynamic 
vertebrobasilar insufficiency on the basis of 
an oligemia lower than 35 mL/100 g per min- 
ute in the brain stem-cerebeliar region with 
use of the xenon Xe 133 inhalation method. 
Fifteen patients fulfilling this criterion under- 
went four-vessel angiography, computed to- 
mography, and a standardized neurologic 
examination. An acetazolamide test showed 
poor reactivity in more than half of the pa- 
tients, sometimes specifically in the verte- 
brobasilar area. With use of single-photon 
emission computed tomography and intra- 
venous technetium Te 99m-labeled hexa- 
methylpropyleneamineoxime in two cases, 
the considerable decrease of regional cere- 


he concept of vertebrobasilar insuffi- 
ciency and the corresponding inter- 
mittent clinical pictures were first in- 
troduced by Denny-Brown’’ and 
Millikan and Siekert.* 

Angiography of the vertebrobasilar 
system has demonstrated in vivo intra- 
cranial or extracranial arterial lesions** 
that are able to induce a hemodynamic 
deficit as first postulated by Denny- 
Brown.'’ Caplan and Rosenbaum‘ un- 
derlined the high interest about angiog- 
raphy to establish a topographie di- 
agnosis of the occlusive process. 
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bral blood flow in the brain stem—cerebellar 
region was confirmed. An excellent correla- 
tion was observed between the existence of 
nuclear hemodynamic vertebrobasilar insuf- 
ficiency and angiographically proved arterial 
occlusions. The dominant nuclear oligemic 
zone was regularly on the side of the anatom- 
ic arterial chief lesion. Clinical manifesta- 
tions included rare transient ischemic at- 
tacks (in one of 15 patients), intermittent 
basilar symptoms (in 15 of 15 patients), anda 
subacute vertebrobasilar “threatening” syn- 
drome. Thus, imaging of a nuclear hemody- 
namic vertebrobasilar deficit provides an ob- 
jective basis to the diagnosis of verte- 
brobasilar insufficiency and useful objective 
data for revascularization surgery. 
(Arch Neurol. 1991 ;48:921-929) 


However, the existence of a real he- 
modynamiec vertebrobasilar deficit, in 
the so-called clinical vertebrobasilar in- 
sufficiency syndrome, has not been 
demonstrated by conventional mea- 
surement of cerebral blood flow.‘ 

We propose herein to identify a true 
posterior circulation hemodynamic defi- 
eit by defining nuclear hemodynamic 
vertebrobasilar insufficiency (NHVBI) 
as a blood flow decrease in the brain 
stem-—cerebellar region to lower than 35 
mL/100 g per minute, when blood flow is 
measured by the xenon Xe 133 inhala- 
tion method. This arbitrary limit was 
chosen because 35 mL/100 g per minute 
is considered a putative threshold for 
oligemia. In 15 patients exhibiting this 
hemodynamic syndrome, four-vessel 
angiographic findings, computed tomo- 
graphic (CT) scans, and clinical data 
were studied. Thus, classic aspects of 
vertebrobasilar insufficiency were con- 
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firmed. A new clinical picture, verte- 
brobasilar hemodynamic “threatening” 
syndrome, could be observed. 


PATIENTS AND METHODS 
Cerebral Blood Flow Measurements 


A double-headed camera (Rota camera, 
Siemens-France, Saint-Denis, France) 
equipped with two low-resolution (full width > 
half maximum, 15 mm) and high-efficiency 
collimators was used to measure regional ce- 
rebral blood flow (rCBF) during a period of 2: 
minutes after 1.5 minutes’ inhalation of ™ Xe, 
The patients were in the supine position. The 
inhalation gas mixture contained approxi- 
mately 50 to 70 mBa/L at the first (or only) 
measurement, 100 to 120 mBq/L at the sec- 
ond measurement, and 130 to 150 mBa/L at 


the third measurement. Each collimator was: 


positioned parallel to the sagittal axis of the 
brain. The blood flow was calculated by the 
method of Initial Slope Index according to` 
Fox et al." Software was designed to calcu- 
late the mean blood flow in identified olige- 
mic areas and in standardized anatomic 
zones, particularly in the brain stem-—cere- 
bellar region. 


Selection of Patients 


The selection of patients was strictly per- 
formed on a hemodynamic basis, All kinds of 
neurologic patients with various symptoms 
underwent cerebral blood flow measure- 
ments. Patients who had had recent com- 
plete or minor strokes and who had tumors’: 
were excluded from the study. For the sake 
of detecting primary ischemie blood flow 
variations, patients with degenerative dis- 
eases and migraine were also excluded. 


The definition of NHVBI was the exis- 


tence of an area with an oligemia lower than 
35 mL/100 g per minute in the brain stem- 


-cerebellar region; an SD of 2.8 mL/A00 g per. 


minute, obtained from our reproductibility 
series, was accepted for this limit. The mea- 
surement 35 mL/100 g per minute is general- 
ly considered a possible threshold for olige- 
mia in clinical studies,’ although it has not yet 










been documented in experimental studies.” 
-o The brain stem-cerebellar region has been 
+ chosen because its vascularization is exclu- 
sively of vertebrobasilar origin, while the 
>c occipital region recorded gets some blood 
< supply from the carotid system. Twenty-sev- 
en consecutive patients with this hemody- 
namic syndrome were selected. 
: Of this group, 15 subjects (mean age, 
> 62.1 12.6 years) gave informed consent to 
undergo selective four-vessel angiography 
> (14 times by the Seldinger technique), CT, a 
thorough investigation of their symptoms, 
and a standardized neurologic examination. 
This series of 15 subjects is presented herein. 
Moreover, 15 age- and sex-matched pa- 
tients with asymptomatic unilateral or bilat- 
eral carotid stenosis, diagnosed by Doppler 
ultrasonography and without detectable ver- 
tebrobasilar extracranial ultrasonographic 
abnormality, underwent Xe rCBF mea- 
surement. Nineteen totally healthy controls 
underwent the same procedure. 


Rotation and Acetazolamide Tests 


Additional tests were performed in 10 pa- 
tients with NHVBL. A test of rotation of the 
head was first done. When the rotation on 
one side induced clinical symptoms, this side 
was chosen for the test. If there was no clini- 
calindication, rotation was randomly done on 
the right or the left side. A rotation position 
at 45° was maintained for 4 minutes, and the 
_ rCBF was then measured. 

After rest, the head having returned to the 
neutral position, 1 g of acetazolamide was 
“injected, and the rCBF was again measured 
15 minutes later to study the vasodilatory 
capacity of encephalic arteries." 





Single-Photon Emission CT and Technetium 
To 99m—Hexamethylpropyleneamineoxime 
(HM-PAO) Examinations in Two Patients 





In cases 1 and 4, tomographic cerebral 
blood flow examinations were performed 
with the “’Tc-HM-PAO method and with a 
double-headed camera (Rota camera; Micro 

«Delta calculator, Siemens-France ). A dose of 
555 mBq was administered; the tomographic 

< studies were performed 10 minutes after in- 
travenous injection. The reconstruction pro- 
cedure used is the classic filtered back pro- 
jection method with a Butterworth filter, on 
| 64 x 64 matrix. 


RESULTS 
The Syndrome of NHVBI 


Blood flow in identified oligemic areas 
ranged from 22.3 to 36.4 mL/100 g per 
minute, and the mean value of all identi- 
fied oligemic zones (the right and/or the 
left. side) was 29.2+3.7 mL/100 g per 
minute. When the overall brain stem- 
cerebellar region was considered, the 
mean blood flow was 33.1 + 4.9 mL/100 g 
per minute on the right side and 
82.9 4.6 mL/100 g per minute on the 
-left side. In the group of age- and sex- 
matched patients with carotid stenosis, 
there was no oligemic area in the poste- 
rior circulation region. The mean blood 
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Table 1.—Regional Cerebral Blood Flow (rCBF) Brain Stem-Cerebellum Values in 
Nuclear Hemodynamic Vertebrobasilar insufficiency (NHVBI) 


Brain Stem—Cerebellum 
Region rCBF measurement, 
mi/ 100 g per Minute 











Cerebral Hemispheric CBF 
Measurement, mL/ 100 g 
per Minute 
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Pure NHVBI 

4 28.7 25.6 38.5 39.6 
2 32.3 35.1 40.0 

3 40.6 36.7 41.8 

4 38.1 30.8 41.0 

5 35.5 38.1 42.0 

6 42.9 36.1 43.5 

NHVBI With Cerebral insufficiency 
a 31.9 33.3 37.2 36.6 
8 35.1 37.2 32.6 33.3 
9 33.0 31.8 37.2 35.6 
10 34.6 36.2 37.9 36.9 
11 31.9 31.3 37.9 
12 30.6 29.0 34.3 
13 27.6 34.2 33.0 
14 27.7 34.0 34.1 
15 25.6 22.3 32.5 
Mean + SD 33.1 + 4.9 32.9 + 4.6 37.6 + 36 37.3 + 35 

















flow in the brain stem-cerebellar region 
was 45.1+6.4 mL/100 g per minute on 
the right side and 46.8+ 6 mL/100 g per 
minute on the left side. When compared 
with the mean NHVBI values, the dif- 
ference was statistically significant at 
P<.001 on the left side and at P<.02 on 
the right side. The lower limit in pa- 
tients with carotid stenosis (mean — 2 
SDs) was 32.3 mL/100 g per minute on 
the right side and 34.8 mL/100 g per 
minute on the left side. The mean brain 
stem-cerebellar rCBF in healthy con- 
trols was 54.3 + 4.3 mL/100 g per minute 
on the right side and 52.0 + 5.5 mL/100 g 
per minute on the left side. 

The patients with NHVBI could be 
classified into two groups according to 
the hemispheric rCBF values (Table 1). 

Pure NHVBI (n=6).—There was a 
sharp contrast between normal cerebral 
hemispheric blood flow (>35+2.8 
mL/100 g per minute) and NHVBI. 
Pure NHVBI was bilateral (n=2) or 
unilateral (n = 4). 

In index case 1 (56-year-old woman, 
heavy smoker), this pattern of bilateral 
specifie NHVBI appeared clearly (Figs 
1 and 2), and the oligemic phenomenon 
was permanent (Figs 1 and 3) when 
rCBF measurements were repeated. 
The HM-PAO CT findings confirmed 
the decrease in rCBF in the brain stem- 
cerebellar region (Figs 4 and 5). In case 
4, a similar but unilateral pattern was 
observed with “Xe (Fig 6) and con- 
firmed with the HM-PAO technique. 

Additional tests were performed in 
six cases (Table 2). The rotation test 
showed a brain stem—cerebellar blood 


Fig 1.—Case 1, xenon Xe 133 study technique, 
examination 1. Typical pure nuclear hemody- 
namic vertebrobasilar insufficiency with severe 
oligemia (24 mL/100 g per minute) in the left- 
sided brain stem—cerebellar region. 


Fig 2.—Case 1, examination 2. Nuclear hemo- 
dynamic vertebrobasilar insufficiency was also 
observed on the right side but was less marked 
than on the left side. This hemodynamic syn- 
drome was already found on this side 1 year 
earlier. Slight oligemic areas were observed in 
the parietal and frontal parasagittal regions. 


Fig 3.— Case 1, examination 2. The same 
hemodynamic syndrome was found 1 year 
later, in the left-sided brain stem—cerebellar 
region, with a slight extension to the occipital 
zone. 


Fig 4.—Case 1. technetium Tc 99m hexameth- 
ylpropyleneamineoxime_ single-photon emis- 
sion computed tomographic image. This tech- 
nique confirmed the existence of a 
considerable decrease in regional cerebral 
blood flow in the brain stem—cerebellar region. 
Note the existence of oligemia in the inferior 
part of the temporal lobes. 


Fig 5.—Case 1, technetium Tc 99m hexameth- 
ylpropyleneamineoxime single-photon emis- 
sion computed tomographic image. Note the 
normality of hemispheric cerebral blood flow. 


Fig 6.—Case 4. Unilateral nuclear hemody- 
namic vertebrobasilar insufficiency with a se- 
vere oligemic zone (23.8 mL/100 g per minute) 
close to ischemic penumbra. 


Fig 7.—Case 1, examination 2. The acetazola- 
mide test provoked an improvement of the 
overall right-sided brain stern—cerebellar blood 
flow, but there was a zone of specific vertebro- 
basilar nonreactivity to acetazolamide testing. 
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Figure 1. Figure 2. 








Figure 3. 





Figure 4. 





Figure 5. Figure 6. 


Figure 7. 
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: flow decrease of less than 10% in three 
cases (Table 2). In two of these cases, 
the decrease took place on the opposite 
side to the rotation side; in the third 
ease, it appeared bilaterally and simul- 
taneously in the vertebrobasilar and ce- 
rebral hemispheric circulations. In a 
fourth case (case 1), the blood flow de- 
crease appeared solely in the hemi- 
spheric cerebral territory. 

The acetazolamide test showed poor 
reactivity (increase in rCBF <15%) in 
the brain stem—cerebellar region in four 
of six cases (Table 2). When the hemi- 
spheric blood flow reactivity was stud- 
ied, two cases (cases 1 and 4) could be 
considered specifie acetazolamide ver- 
tebrobasilar nonresponders. Case 1 
showed a unilateral nucleus of vertebro- 
basilar acetazolamide-resistant olige- 
mia on the right side (Fig 7). 

NHVBI With Cerebral Insufficien- 
cy (n=9).—In this group, NHVBI was 
associated with an overall decrease of 
hemispheric rCBF lower than 35+2.8 
mL/100 g per minute (Table 1). The ce- 
rebral insufficiency was either scat- 
tered in identifiable oligemic zones (five 
cases) or fairly global (four cases). Of 
four patients tested (Table 3), acetazo- 
lamide studies showed a poor reactivity 
(increase in rCBF <15%) in two cases. 
Patient 10 showed bilateral vertebroba- 
silar acetazolamide resistance. Rotation 
studies showed a global and bilateral 
decrease in blood flow in two cases, indi- 
cating again that the rotation test was 
neither vertebrobasilar specific nor side 
specific. 


Nucleoangiographic Correlations 


Table 4 presents the angiographic 
findings with causative data. It shows 
that NHVBI is strongly associated with 
angiographic abnormalities of the ver- 
tebrobasilar system (classification 1): 14 
of 15 patients exhibited angiographical- 
ly visible partial or complete arterial 
occlusion of the vertebrobasilar system. 
The abnormalities were solely extracra- 
nial in five cases, solely intracranial in 
three cases (Figs 8 and 9), and were 
both intracranial and extracranial in six 
cases (Fig 10). The synthesis of the 14 
vertebrobasilar lesions (classification 2) 
is given in Table 5: the remaining pa- 
tient (patient 6) had a right-sided carot- 
id occlusion with a right posterior com- 
municating artery steal syndrome, 
drawing blood from the vertebrobasilar 
system to the right intracranial carotid 
system. This patient had pure NHVBI 
on the left side and no hemispheric cere- 
bral blood flow decrease on the side of 
the carotid thrombosis. 

Table 6 shows the correlation be- 


ees ‘924 Arch Neurol—Vol 48, September 1991 






Rectitude 


Values Values 









Patients 


Table 2.—Influence of Head Rotation and Acetazolamide on Brain Stem-Cerebelium 
Regional Cerebral Blood Flow (rCBF) Values in Pure Nuclear Hemodynamic 
Vertebrobasilar insufficiency (NHVBI) 


Rotation Test 
Poneeeneennenmnnemmeneenendtinmmenmemanmnmnnmmmmmaaaiiite’ 


Acetazolamide 
pman mnene, 
Values 


Variation, % Variation, % 























1 28.7 25.6 30.8 26.9 +7 +5 46.4* 44.3 +62 
2 32.3 35.1 36.9 40.6 +11 

3 40.8 36.7 35.6 37.3 ~12 

4 38.1 30.8 31.6 31.7 -Ar 

5 35.5 39.1 38.5 44,9 +8 









6 


*Despite the global reactivity of the brain stem-cerebellar region, a zone of inferior vertebrobasilar nonre- 


activity was observec (Fig 4). 


Table 3.—influence of Head Rotation and Acetazolamide on Brain Stem-Cerebelium 
Regional Cerebral Blood Flow Values in Nuclear Hemodynamic Vertebrobasilar 
Insufficiency with Cerebral Insufficiency 


Rotation Test 
praenomen, 


Rectitude 
Values 


Patients 


Variation, % 


Acetazolamide Test 
(aarti ananman, 


Values Variation, % 














tween the side of the presumably domi- 
nant or unilateral vertebrobasilar pri- 
mary lesion and the side of the dominant 
brain stem-cerebellar oligemia: a con- 
cordance in 10 of 13 patients was found. 

The associated lesions included uni- 
lateral or bilateral lack of posterior com- 
municating artery of the Willis polygon 
in five cases. Atheroma of the carotid 
artery was only observed in three cases 
of the group with NHVBI with cerebral 
insufficiency. 


Nucleoclinical Correlations 


Three types of neurologic manifesta- 
tions were observed in the group of pa- 
tients with NHVBI, as described 
below. 

Vertebrobasilar Transient Iseh- 
emic Attacks.—The manifestation of 
vertebrobasilar transient ischemic at- 
tacks (Table 7) was classically defined as 
a neurologic deficit lasting less than 24 
hours, subjectively considered by the 
patients as a true attack. It was ob- 
served in only one case and resulted in 
left inferior limb paresia (case 12). 

Intermittent Vertebrobasilar 
Symptoms.—The manifestation of in- 
termittent vertebrobasilar symptoms 


was defined as symptoms each lasting 
less than 1 hour and occurring more 
than three times. They could actually be 
repeated several times during a day or a 
week, for months and years. We could 
not classify these symptoms as tran- 
sient ischemic attacks. An analysis of 
these symptoms is given in Table 7. Pa- 
tients with NHVBI with cerebral insuf- 
ficiency had the same symptoms as pa- 
tients with pure NHVBI; episodic 
ataxia was slightly more frequent, 
while drop attacks and atypical falls 
were equally represented. 

A correlation between the side of the 
clinically aggressive rotation and the 
side of the dominant brain stem~cere- 
bellar oligemia was studied in the two 
groups. No clear relationship could be 
observed. 

Vertebrobasilar Hemodynamic 
Threatening Syndrome. —In one case 
(case 8), the intermittent symptoms be- 
came virtually uninterrupted and pro- 
voked a permanent vertigo and con- 
stant unsteadiness—vestibular and 
cerebellar —for more than 7 days. A CT 
scan and a magnetic resonance image 
showed no infarcts or lacunae, while a 
marked decrease of brain stem—cerebel- 
lar blood flow was observed with associ- 
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Table 4.—Causative and Angiographic Findings * 


Patient Characterization 


Hypertension 


Past Now  Hyperilipemia 


Tobacco 
Consumption Diabetes 








Angiographic Findings 











+ 


Atheromatous plaque on R intracranial vertebral artery; extreme narrowing of R 
PICA; stenosis of L intracranial vertebral artery, narrowing of L PICA; global in- 
ferior cerebellar oligemia 








2/78/F 


Hypoplasia of L extracranial vertebral artery with abnormal origin from aortic arch 





3/38/M 





Extrinsic stenosis of extracranial L vertebral artery at C-2 level; lack of 2 commu- 
nicating posterior arteries of the Willis polygon 





4/39/M 





Relative stenosis of the two extracranial vertebral arteries at origin; severe steno- 


sis of basilar artery, stenosis of L intracranial vertebral artery; distal stop on L 


PICA 





5/64/M 





Discrete stenosis of R AICA; atheromatous plaque of L intracranial vertebral artery; 
lack of 2 communicating posterior arteries of the Willis polygon 





6/79/M 





Thrombosis of R extracranial internal carotid artery; basilocarotidian steal via R 
communicating posterior artery 








7/83/F 








Marked hypoplasia of R extracrania! vertebral artery; neck muscular anastomoses 
with branches of R subclavian artery; lack of 2 communicating posterior arter- 


ies of Willis polygon 





8/53/F 


Hypopiasia of R extracranial vertebral artery; R PICA invisible; lack of 2 commu- 
nicating posterior arteries of the Willis polygon 





9/73/M 





Plicature of L extracranial vertebral artery near the origin; stenosis of L intracra- 
nial vertebral artery; L PICA invisible; lack of 2 communicating posterior arter- 
ies; mild R carotid syphon stenosis; plaque of the L internal carotid artery at.or- 


igin 





10/68/F 


Stenosis of prevertebral R subclavian artery; hypoplasia of R extracranial verte- 
bral artery; ostial stenosis of L vertebral artery 





11/50/F 


Stenosis of L intracranial vertebral artery; hypoplasia of L PICA 





12/68/M 


13/64/F 
14/65/M 


18/67 /F + 


Hypoplasia of R extracranial vertebral artery; narrowing of R SCA; narrowing of R 
PICA; lack of 2 posterior communicating arteries; atheroma of R carotidian sy- 
phon; plaque on the extracranial internal carotid artery 


Hypopiasia of R extracranial vertebral artery 


Plicature of R extracranial vertebral artery; stenosis of R intracranial vertebral ar- 
tery; atheromatous plaque on R extracranial internal carotid artery 


Flexuasity of L extracranial vertebral artery after the origin; stenosis of L PICA and 


narrowing of L SCA 





Plus sign indicates present; PICA, posterior-inferior cerebellar artery; AICA, anterior-inferior cerebellar artery; and SCA, superior cerebellar artery. 


ated hemispheric oligemia. This syn- 
drome was reversible with high doses of 
a parenteral vasodilatator (nafronyl ox- 
alate [Naftidofluryl]) given for 2 weeks. 
A subsequent CT scan and a magnetic 
resonance image showed no infarcts or 
lacunae. The total reversibility of the 
syndrome with the vasodilatator was 
observed 1 month after onset. 


COMMENT 
Nuclear Vertebrobasilar Insufficiency 
Indicates a Definite Vertebrobasilar 
Hemodynamic Deficit 


When coining the term vertebrobasi- 
lar insufficiency, Denny-Brown”’ clear- 
ly defined its hemodynamic importance 
by indicating that it corresponded to 
repeated “hemodynamic crisis,” dis- 
tinct from emboli. However, in another 
conception developed early by Millikan 
and Siekert,* the intermittent symp- 
toms could also precede thrombotic or 
embolic basilar occlusions and were 
comparable with premonitory carotid 
transient ischemic attacks. The term 
vertebrobasilar transient ischemic at- 
tacks, widely accepted as correspond- 
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ing to vertebrobasilar insufficiency, 
thus implies a thromboembolic theory of 
this condition. 

Thromboembolic cases do exist in 
vertebrobasilar disease. Yet, for strict- 
ly vertebrobasilar insufficiency, the he- 
modynamic theory has frequently been 
supported. Compression of the verte- 
bral artery by cervical spondylosis was 
described by Sheehan et al in 1960. 
Reversal blood flow through the verte- 
bral artery” and hemodynamic steal of 
the vertebrobasilar system due to ste- 
nosis of the subclavian artery, with in- 
termittent symptoms, were described 
by Contorni” and Fisher.” Carotid steal 
syndromes, due to internal carotid oc- 
clusion or tight stenosis, have been 
postulated” and angiographically 
proved.™™ Again, in 1970, Fisher” de- 
scribed five patients with occlusion of 
proximal vertebral arteries. He did not 
describe the clinical manifestations as 
vertebrobasilar transient ischemic at- 
tacks but as “transient basilar symp- 
toms” or “transient episodes.” He point- 
ed out that these types of lesions rarely 
produce infarcts in the brain stem. 
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Moreover, the importance of circula: 
tion-influencing factors, such as ortho- 
static hypotension, ™*™” orthostatism 
without hypotension,” and rotation or 
extension of the head,”* have been un- 
derlined in vertebrobasilar insuf- 
ficiency. 

Finally, all the successful vascular 
surgery in vertebrobasilar insufficiency 
was mainly based on the hemodynamic 
theory. Extracranial vertebral artery 
surgery has been performed since 
1957." Intracranial revascularization 
was first proposed by Ausman et al.” 
Extracranial-to-intracranial bypass 
from the occipital artery to the posteri- 
or-inferior cerebellar artery was per- 
formed.” Anastosomis of the occipital 
artery to the anterior-inferior cerebel- 
lar artery” or of the temporal artery to 
the superior cerebellar artery“ were 
also proposed. Hopkins et al“ presented 
their experience of revascularization 
and intracranial endarterectomy in 45 
patients: a relief of symptoms took place 
in 91% of the patients, suggesting that 
they were of hemodynamic origin. How- 
ever, in these clinical, surgical, and ra- 


925 





Fig 8.—Case 1. Angiographic findings included right-sided intracranial 
vertebral stenosis and extreme narrowing of the right posterior-inferior 
cerebellar artery. 


Fig 10.—Case 4. Angiographic findings on the side of nuclear vertebro- 
basilar insufficiency (left). Note the stenosis of the intracranial vertebral 
artery and the basilar artery. A distal stop of the left posterior-inferior 
cerebellar artery was observed. Tiny collateral vessels seemed to exist. 
This patient also had a partial stenosis of the two extracranial vertebral 


arteries at origin. 


diologie approaches, the blood flow 
measurements were not available to 
give definite support to the hemody- 
namic theory. 

Blood flow measurement does allow a 
hemodynamic diagnosis. The normal 
value of blood flow in the brain stem was 
determined by Brown and Donaldson,” 
with direct injection of “Xe in the ver- 
tebral artery, to be 59 mL/100 g per 
minute. Shirahata et al” mentioned a 
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Fig 9.—Case 1. Angiographic findings (profile) included left-sided intra- 
cranial vertebral stenosis, narrowing of the left posterior-inferior cerebel- 
lar artery with radiologic oligemia of the cerebellum. Note the absence of 
collateral vessels between the posterior-inferior cerebellar artery and 


value of 54 + 6 mL/100 g per minute with 
the “Xe inhalation technique. In our 
laboratory, the mean value in controls is 
54.3+4.3 mL/100 g per minute on the 
right side and 52.0 + 5.5 on the left side. 
Naritomi et al’ studied patients with 
clinical vertebrobasilar insufficiency 
who exhibited transient ischemic at- 
tacks and measured the cerebral blood 
flow after 1 minute with the “Xe inhala- 
tion technique. With the subject in the 


superior cerebellar artery territories. 





supine position, the mean brain stem 
cerebellar value was 97.1 + 15.7 mL/100 
g per minute, which is high. No substan- 
tial decrease of the mean brain stem- 
cerebellar value was observed in pa- 
tients when compared with the mean 
value of controls. According to Nari- 
tomi et al,’ this group of patients was 
characterized by a marked brain stem- 
cerebellar and hemispheric blood flow 
decrease, after orthostatic postural tilt- 
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Table 5.— Summary of Primary 
Vertebrobasilar Angiographically 
Detected Lesions in 14 Patients With 
Nuclear Hemodynamic Vertebrobasilar 
Insufficiency 


Variables 


Extracranial 

Hypoplasia of 
extracranial 
vertebral artery 

Extrinsic stenosis 

Stenosis at origin 

Kinking or flexuosity 
near the origin 

intracranial * 

Stenosis or narrowing 
of distal vertebral 
artery 

Stenosis or hypoplasia 
of basilar artery 

Occlusion, stenosis, 
or narrowing of 
PICA 
AICA 
SCA 


“PICA indicates posterior-inferior cerebellar ar- 
tery; AICA, anterior-inferior cerebellar artery; and 
SCA, superior cerebellar artery. 





Time of 
Evolution, 
mo 


Influence 
Patient TIAs 


~~ 


OOn enn © HS 








of Position Vertigo Ataxia Falling 


tthe ee tte 


Tabie 6.—Correlation Between the Side of the Dominant Angiographic Vertebrobasilar 
Lesions and the Side of the Dominant Nuclear Brain Stem Cerebellum Oligemia” 


Side of 
the Dominant 
Angiographic 


Patients Lesion 


Sideof 
theDominant 


NuclearOligemia Concordance 





Pure NHVBI 


No 








No 







































































intermittent Symptoms 


True Drop 
Attack 





Lipothymia Diplopia 











* NHVBI indicates nuclear hemodynamic vertebrobasilar insufficiency. 


neema e, 


Vertebrobasilar 
Threatening 
Syndrome 


Visual 


Signs Headache 


“*TIAS indicates transient ischemic attacks; NHVBI, nuclear hemodynamic vertebrobasilar insufficiency; E, extension of head; R, rotation of head; O, orthostatism; and 


plus: sign, present. 


ing by 30°, suggesting a generalized dy- 
sautoregulation. With use of the 
HM-PAO-""Te technique, Sakai et al“ 
studied a patient with spondylotic ste- 
nosis of the vertebral artery that had 
been angiographically confirmed. There 
was no decrease of the cerebellar blood 
flow, either in the supine position or in 
the orthostatic position. The rotation of 
the head to the left in the orthostatic 
position provoked a decrease of blood 


_ flow in the right occipital region and in 


the left cerebellar hemisphere. 
In 1989, we“ mentioned in a prelimi- 
nary abstract that severe NH VBI could 
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be diagnosed in several patients in the 
supine position, when *’Xe inhalation 
blood flow measurements were per- 
formed. Preliminary angiographic and 
clinical findings were presented. The 
preliminary findings of several acetazo- 
lamide tests were also given, showing 
that a vertebrobasilar reactivity lacked 
in about half of the cases. Delecluse et 
al,” using ““Xe inhalation single-photon 
emission CT described a patient with 
decreased right-sided cerebellar perfu- 
sion that did not react to acetazolamide. 

In this study, we can confirm that 
there is. a considerable group of patients 
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with permanent NHVBI, observed 
with the classic blood flow measure- 
ment in the supine position. The values 
observed are far below the range for 
normal controls and even for patients 
with asymptomatic carotid stenosis. 
The proposed threshold of 35 mL/100 
g per minute was not experimentally 
founded. Ischemic penumbra was 
shown to occur at 23 mL/100 g per min- 
ute.” However, a growing consensus of 
investigators tend to consider 35 
mL/100 g per minute a putative thresh- 
old of oligemia.” Yet, this limit of 35 
mL/100 g per minute seems to be clini- 
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cally valuable, because all the patients 
selected on this basis exhibited inter- 
mittent manifestations corresponding 
well to the vertebrobasilar hemody- 
namic crises originally described by 
Denny-Brown.’” In these patients, the 
hemodynamic theory of vertebrobasilar 
insufficiency is thus demonstrated. 

It is possible that milder levels of isch- 
emia, greater than 35+2.8 mL/100 g 
per minute, might belong to the syn- 
drome of NHVBI. Studies with a clini- 
cal basis of selection are needed to in- 
vestigate this point. 

This hemodynamic restriction has 

been documented in 10 cases by rotation 
and acetazolamide studies. Rotation 
tests showed rare specifically vertebro- 
basilar contralateral effects (in two of 10 
patients) and global blood flow decrease 
(in three of 10 patients), These hemody- 
namic data do not confirm the classic 
contralateral specific vertebrobasilar 
effects of the rotation test but do con- 
firm in vivo the random vertebral flow 
decrease induced by head rotation ob- 
served in cadavers by Toole and Tuck- 
er. 
Acetazolamide tests showed a poor 
vasodilatory capacity in the posterior 
circulation in more than half the pa- 
tients. Some patients appeared to be 
specific vertebrobasilar acetazolamide 
nonresponders. In case 1, in which the 
posterior-inferior cerebellar artery was 
occluded, acetazolamide resistance was 
observed in the corresponding region. 


Vascular Importance of 
Nucleovertebrobasilar Insufficiency 


Primary arterial vertebrobasilar ab- 
normalities have been diagnosed by an- 
giography in 14 of 15 cases. A basilar 
carotid steal syndrome was also found in 
the 15th case. Thus, blood flow mea- 
surement of the brain stem—cerebellar 
region appears to be a very good indica- 
tor of the vertebrobasilar arterial 
circulation. 

When compared with the classic an- 
giographiec series of Meyer et al’ and 
Caplan and Rosenbaum,” our series 
shows a greater proportion of possibly 
malformative extracranial abnormali- 
ties, particularly extracranial vertebral 
hypoplasia, and a lower proportion of 
intracranial vertebral and basilar steno- 
sis or occlusions. 

The intracranial lesions in our series 
included unilateral or bilateral intracra- 


1. Denny-Brown D. The treatment of recurrent 
cerebrovascular symptoms and the question of ‘va- 
sospasm: Med Clin North Am. 1951,35:1457-1474. 

2. Denny-Brown D. Basilar artery syndromes. 
Bull N Engl Med Center. 1953;15:53-60. 
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nial vertebral artery stenosis, as al- 
ready described. The finding of verte- 
brobasilar insufficiency with bilateral 
stenosis of intracranial vertebral arter- 
ies has been reported by Ausman et 
al," Roski et al,” Hopkins et al,” and 
Sundt et al." Caplan” has recently 
highlighted the prominent hemodynam- 
ic permanent deficit provoked by bilat- 
eral occlusions of the intracranial verte- 
bral artery stenosis, due to the absence 
of collateral vessels. In patient 1, who 
had such a syndrome, this hemodynam- 
ic deficit was clearly confirmed. Howev- 
er, our data also show that, with unilat- 
eral intracranial vertebral stenosis 
only, a hemodynamic deficit can oceur. 
Absence of collateral vessels was also 
found in our cases, inducing a radiologic 
oligemia of the cerebellum. 
Abnormalities of basilar branches— 
stenosis, narrowing, or occlusion— 
were also detected in our series, partic- 
ularly at the level of the posterior-inferi- 
or cerebellar artery. Besides acute 
“basilar branch disease,” as described 
by Fisher and Caplan“ and Caplan,” we 
suggest that these cases, in which ver- 
tebrobasilar oligemia and clinical symp- 
toms were demonstrated, might corre- 
spond to chronic basilar branch disease. 
In several cases, distal abnormalities 
of the vertebrobasilar intracranial sys- 
tem were observed. Caplan” indicated 
that vertebrobasilar insufficiency could 
exist without a detectable arterial le- 
sion and might yet have a hemodynamic 
origin. The effect of tobacco on distal 
encephalic arteries has been recently 
proposed by Donnan et al.* A general 
observation in the patients with intra- 
cranial vertebrobasilar and distal le- 
sions in this series is that they were 
heavy smokers. One could postulate 
that, in these cases, the arterial stenosis 
or occlusions were located at the level of 
perforating arteries and that they were 
aggravated by tobacco consumption. 


Nucleoclinical Correlations 


Vertebrobasilar oligemia (<35 
mL/100 g per minute) appears to be 
strongly associated with intermittent 
basilar symptoms (15 of 15 cases). Typi- 
cal vertebrobasilar transient ischemic 
attacks conversely were rare (one of 15 
cases). Thus, the threshold of 35 mL/100 
g per minute seems to also define verte- 
brobasilar nonthromboembolic cases. 
In the colorful terms of Caplan,” 
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Vertebrobasilar threatening syn- 
drome, which was represented by one 
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field, vertebrobasilar bypass surgery 
finds its best theorical justification. Re- 
vascularization experiments demon- 
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ance of intermittent symptoms with 
improvement of the blood sup- 
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In conclusion, we believe that blood 
flow measurement by the “Xe tech- 
nique is a valuable method by which to 
diagnose a true hemodynamic deficit of 
the vertebrobasilar circulation. Imag- 
ing of a NHVBI is an easy, reproduc- 
ible, and unaggressive way to confirm 
the clinical diagnosis of vertebrobasilar 
insufficiency. It might provide objec- 
tive data to evaluate the effect of revas- 
cularization surgery. 
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nighimares, tredness, delusions, disorientation, lightheadedness, impaired memory’, increased energy’. transient nigh’, hollow feeling, lethargy: 
malaise, apathy. overstimulation, vertigo, personality change, sleep disturbance, restlessness, weakness, transient irablty 





Pain‘Altered Sensation: headache, back pain, leg pain. tinnitus, migraine, supraorbital pain, throat burning, generalized ache, chilis, numbness 
of foes fingers, laste disturbance 
AUTONOMIC NERVOUS SYSTEM: Ory mouth, blurred vision, sexual dysfunction 
CARDIOVASCULAR: Orthostatic e holenia. hypertension, arrhythmia, palpitations, new or increased angina pectons, hypotension, tachycardia, 
peripheral edema, sinus bradye: syncope. 
GASTROINTESTINAL: Nausea vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, diarrhea, heartburn. rectal bleeding, bruxism’, 

j bleeding (exacerbation of preexisting ulcer disease| 

GENITOURINARY ‘GYNECOLOGIC/ENDOCRINE: Siow urination, transient anorgasmia”. nocturia, prostatic hypertrophy, urinary hesitancy, urinary 
retention, decreased penile sensation’, urinary frecuency. 
SKIN AND APPENDAGES: Increased sweating, diaphoresis, facia! hais hair loss, hemotoma, rash, photosensitivity 
MISCELLANEOUS: Asthma, diplopia, shortness of breath, speech affected 
POSTMARKETING REPORTS: The following experiences were described yh spat Postmarketna tor These reports do not provide 
sufficient information to establish a clear causal relationship with the use of ELDEPRYL* (SELEGILINE HYI HLORIDE) 

CNS: Seizure in dialyzed chronic renal failure patient on concomitant medications. 
“indicates events reported only at doses greater than 10 mg/day 


incidence of Treatment-Emergent Adverse Experiences in the Placebo-Controlied Clinical Trial 
Adverse Event _Number of Patients Reportng Events 


selegiire hydrochloride placebo 
eey N=49 N=50 











Nausea 1 
Dizziness’ Lightheaded: Fainting 

Abdominal Pain 

Confusion 

Hallucinations 
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The following events were reported once in either or both groups: 


Ache, generalized 
Anxiety Tension 
Anemia 

Diarrhea 

Hair Loss 
insomnia 
Lethargy 

Leg pain 

Low back gain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 


OVERDOSAGE: 

Selegiline: No specific information is available about clinically significant overdoses with ELDEPRYL* {SELEGILINE HYDROCHLORIDE). However, 
experience gained during selegiine’s development reveals that some individuals exposed to doses of 600 mg é| selegiline suffered severe 
hypotension and psychomotor agitation. 

Since the selective inhittion of MAO B by selagiline hydrochloride is achieved only al doses in the range recommended for the treatment 
of Parkinson's disease (e.¢., 10 mgiday), overdoses are likely to cause significant inhibition of both MAO A and MAO B. Consequently the 
signs and af overdose may resemble those observed with marketed non-selective MAO inhibitors (e.g. ranylcypromine (PARNATE), 
isdcarboxazide (MARPLAN}, and phenelzine [NARDIL]. 

Overdose with Non-Selective MAO inhibition: NOTE: This section is provided lor reference: it does not descnbe events that have actually 
deen observed with selegiline in overdose 

Charactenstcally signs and naponi of non-selective MAO! overdose may nol appear immediately Delays of up to 12 hours between ingestion 
of drug and the appearance ol may occut importantly, the peak intensty of the syndrome may not be reached for upwards of a day 
foiowing the overdose. Death has been reported following overdosage. Therefore, immediate hospitalization, with continuous patient observation 
and monitoring for a period of at least two days following the ingestion of such drugs in overdose is strongly recommended 

The clinical picture of MAO! overdose varies considerably: its severity may be a function of the amount of drug consumed. The central nervous 
ard cardiovascular systems are prominently volved 

Signs and symptoms of sverdosage may include, alone or in combination, any of the following: drowsiness, dizziness, faintness, irntabiity, 
hyperactivity, agitation, severe headache, hallucinations, tismus, opisthotonus, convulsions, and coma; rapid and irregular pulse, hypertension, 
hypotension and vascular callanse: precordial pain, respiratory depression and failure, hyperpyrexia, diaphoresis, and coal, clammy skin 
Treatment Suggestions for Overdose 





ee re re ered 
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NOTE: Because there is no recorded experience with ine overdose, the tollowing suggestions are offered based upon the assumption 
that selegiline overdose may be by non-selecti MAO! poisoning, In any , up-to-date information about the treatment 
of overdose can often be from a certified Regional Poison Control Center. Telephone numbers of certified Poison Control 


Centers are listed in the Physician's Desk Reference (POR). fe 

Treatment of overdose with non-selective MADis is symptomatic and supportive. induction of emesis oF geste lavage with instilation of charcoal 
slurry may be helplul in early poisoning, provided the away has been protecied a inst aspiration. and symptoms of central nervous 
system stimulation, including convulsions, should be treated with diazepam, given slowly intravenously. Phenothiazine derivatives and central 
nervous system stimulants Should be avoided Hypotension and vascular collagse should be weated with intravenous fluids and, if necessary 
bisod pressure tivation with an intravenous infusion of a dilute pressor agent. 4 should be noted thal adrenergic agents may produce a markedly 
increased pressor 

Respiration should 
ventilatory assistance, as required. : 

Body temperature should be monitored closely intensive management of hyperpyrexia may be required. Maintenance of fluid and electrolyte 
balance is essential. 


DOSAGE AND ADMINISTRATION: 
ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is intended for administration o Parkinsonian patents receiving lel ey eran 
who cemonstrate a deteriorating response fo thus treatment, The recommended regimen for the administration of ELDEPRYL® (SELEGILIN 
HYDROCHLORIDE} is 10 mg pet day administered as divided doses of 5 w each taken at breakfast and lunch, There is no evidence that 
additional benefit will be obtained kom the administration of higher doses. Moreover, higher doses should ordinanly be avoided because ol 
the increased risk of side effects 

Aker two 1o three days of selegline veatment an atemp! may be made to reduce the dose of fevodopa’carbidopa. A reduction of 10 10 
G5; was achieved with the typical participant in the domestic placebo controlied trials who was assigned to selegiine treatment, Further reductions: 
of levodopa’carhidopa may 3e possible during continued selegiline therapy 


supported by appropriate measures, including management of the airway, use of supplemental oxygen, and mechanical 
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Clinical and Morphometric Analysis of 
the Hypoplastic Corpus Callosum 





G. Bradley Schaefer, MD; John B. Bodensteiner, MD; James N. Thompson, Jr, PhD; Don A. Wilson, MD 


è A total of 307 children were evaluated 
over a 3-year period in our neurogenetics 
clinic. Review of their medical records dem- 
onstrated 26 patients with diagnoses of 
anomalies of the corpus callosum. Morpho- 
metric analysis was performed on those 23 
patients qualitatively assessed as having a 
hypoplastic (small, but morphologically in- 
tact) corpus callosum. Morphometric data 
were compared with clinical correlates for 
each patient. From these data, we conclude 
that the hypoplastic corpus callosum is nota 
normal variant of development but rather an 
indicator of a more fundamental abnormality 
of cerebral development. 

(Arch Neurol. 1991 ;48:933-936) 


he corpus callosum is the major com- 
missural pathway between the two 
cerebral hemispheres. Agenesis, or 
complete absence, of the corpus callo- 
sum (ACC) is widely recognized as a 
congenital anomaly that occurs fre- 
quently in children who are evaluated 
for mental retardation or developmen- 
tal delay. Agenesis of the corpus callo- 
sum is also often associated with other 
anomalies of the nervous system and 
anomalies of other organs.’ Partial ACC 
(PACC) is also believed to be a signifi- 
cant malformation. It is frequently as- 
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sociated with developmental delay, 
mental retardation, infancy-onset sei- 
zures, and a large variety of congenital 
anomalies.”™ There has been no general 
agreement, however, about the signifi- 
cance of a small, but intact, corpus callo- 
sum, which we will refer to as a hypo- 
plastic corpus callosum (HCC). 
Representative examples of ACC, 
PACC, and HCC are shown in the 
Figure. 

One of the reasons for this lack of 
consensus has been that the normal 
range of variation of the size of corpus 
callosum and the change in its relative 
size with increasing age had not been 
established for nonpostmortem brains. 
We have recently investigated the nor- 
mal range of variation in this structure 
and have found that there are predict- 
able age-associated changes in its post- 
natal development, presumably associ- 
ated with myelination.’ Interestingly, 
much of this change occurs after 10 
years of age. Within a given age group, 
however, there is relatively little varia- 
tion in the size of the corpus callosum in 
the midsagittal plane of imaging (Table 
1). 

We have identified 23 children who 
were evaluated over a 3-year period at 
the Childrens’ Hospital of Oklahoma, 
Oklahoma City, and were qualitatively 
assessed as having an HCC. Morpho- 
metric analysis of corpus callosum size 
using the magnetic resonance imaging 
(MRI) seans of these patients has con- 
firmed hypoplasia in 16. Quantitative 
analysis of the entire midsagittal brain 
section and review of patient records 
has allowed further subdivision into 
those with isolated HCC (3), those with 
HCC associated with other anomalies 
(11), and those with acquired HCC (2). 


PATIENTS AND METHODS 
Clinical Assessment 


The neurogenetics clinic at Childrens’ 
Hospital of Oklahoma has a formal protocol 
for evaluation of all patients. On initial visits, 
all patients under 4 years of age are evalu- 
ated for developmental milestones by a certi- 
fied occupational therapist with the Peabody 
Motor Development Scale. The standardized 
developmental quotient (DQ) is recorded 
into the patient’s chart. Many of the patients 
over 4 years old have already had formal 
intelligence-education testing completed be- 
fore referral. Those tests done by qualified 
personnel (eg, publie school system, local 
guidance center, or licensed private psychol- 
ogists or child education specialists) are not 
repeated. All other patients are referred to 
the staff child psychologist for formal, age- 
appropriate developmental testing. In the 
clinic, all children are examined by pediatric 
neurologists and clinical geneticists. Chro- 
mosome analysis, including fragile X studies, 
urine metabolic screening, and MRI of the 
brain are performed on all patients referred 
for nonspecific neurologic and/or intellectual 
deficits. 


Patient Selection 


Medical records of all patients seen in the 
neurogenetics clinic between 1987 and 1989 
(N=307) were reviewed. Developmental 
anomalies of the corpus callosum were quali- 
tatively diagnosed on inspection of the MRI 
scans of 26 of these patients. Three of these 
were found to have complete ACC or PACC 
and were excluded from further study. Mor- 
phometric analyses were done on the midsa- 
gittal MRI scans of the remaining 23 pa- 
tients. Results were then compared with the 
clinical features of each patient. 


Morphometric Analysis 


The T,-weighted (repetition time, 500 to 
600 ms; echo time, 20 to 30 ms) midsagittal 
frame of each MRI scan was measured as 
described by Schaefer and coworkers.’ Slice 
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hypoplasia. 


thickness ranged from 5 to 9 mm, with a 
maximum 20% interslice gap. The field of 
view was 20 to 24 em; the matrix was 
128 x 256 or 256 x 256. Scans were obtained 
from routine clinical MRI studies that uti- 
lized superconducting magnets operated at 
1.5 tesla. The standard head coil provided by 
each manufacturer (S15 Gyroscan, Philips, 
Shelton, Conn, or Signa, General Electric, 
Milwaukee, Wis) was used. Visualization of 
the entire corpus callosum, the aqueduct of 
Sylvius, and the fourth ventricle was used to 
determine the midsagittal frame. Each se- 
lected frame was photographed and printed. 
Cross-sectional areas of selected structures 
were traced and cut into pieces. These areas 
were measured with a simple image analysis 
system (Ominicon System, Bausch & Lomb, 
Rochester, NY). 

The cross-sectional area of the corpus cal- 
losum was expressed as a ratio to the area of 
the total intracranial vault (TICV) cross-sec- 
tional area of the midline brain. The TICV 
was delineated by a line along the outer pe- 
rimeter of the cerebral cortex, along the an- 
terior surface of the brain stem to the tip of 
the clivus, then from the anterior to the pos- 
terior margins of the foramen magnum, and 
finally to the attachment of the tentorium 


934 Arch Neurol—Vol 48, September 1991 


Representative T,-weighted midsagittal magnetic resonance imaging scans of the brain illustrating a 
spectrum of corpus callosum development: a, normal; b, partial agenesis; c, complete agenesis; and d, 













along the inner surface of the occipital bone. 
The size of the corpus callosum was ex- 
pressed as a ratio relative to the TICV to 
correct for differences in the magnification in 
scanning and in photographic printing. Data 
obtained from selected patients were com- 
pared with previously determined age-spe- 
cific normative data.” These normative data 
are summarized in Table 1. 


RESULTS 


The clinical and morphometric fea- 
tures of the 23 patients qualitatively 
identified as having an HCC are pre- 
sented in Table 2. Three of these pa- 
tients (Table 2, patients 1 through 3) 
had HCC, apparently as an isolated 
anomaly. All three had DQs below 2 SDs 
from the norm. No dysmorphic fea- 
tures, birth anomalies, or focal neuro- 
logic signs were noted in any of these 
patients, although one has a generalized 
seizure disorder (patient 2). The family 
histories were negative for other affect- 
ed relatives with significant develop- 
mental delays. 


Table 1.—Normative Data on 
CC/TICV Ratio in Midsagittal Piane* 


ce/Ticv 


penne mannan, 












Group, Mean Mean 

y No + SD — 2 SDs 
<5 20 0.034 + 0.010 0.013 
6-10 20 0.037 + 0.007 0.023 
11-15 18 0.047 ż 0.014 0.019 
0.046 + 0.007 0.032 





*CC/TICV indicates ratio of corpus callosum area 
to area of total intracranial vault (as defined in the 
text). 


An additional 11 patients (Nos. 4 
through 14) had an HCC along with oth- 
er developmental anomalies of the 
brain. Many of these anomalies involved 
the midline developmental field. Exam- 
ples of midline anomalies seen in our 
patients with HCC include septo-optic 
dysplasia (patients 4 and 9), absent sep- 
tum pellucidum (patient 4), pituitary in- 
sufficiency (patient 11), and cerebellar 
vermal hypoplasia or an enlarged cister- 
na magna as determined by quantita- 
tive analysis of MRIs compared with 
normative data®’ (patients 5, 12, and 
13). 

Three patients (Nos. 5, 10, and 11) 
had an HCC in conjunction with anoma- 
lies of organ systems other than the cen- 
tral nervous system. Patient 5 had facial 
asymmetry, bilateral cleft lip and pal- 
ate, anisocoria, up-slanting palpebral 
fissures, posterior rotation of the ears, 
maxillary hypoplasia, camptodactyly of 
the fingers, and a seizure disorder. Pa- 
tient 10 had microcephaly, dysmorphic 
features, esotropia, right optic atrophy, 
a bifid scrotum, a deep sacral dimple, 
unilateral transverse palmar crease, 
deep plantar furrows, seizures, and 
findings compatible with a nonspecific 
generalized connective tissue disorder. 
Patient 11 was noted to have dysmor- 
phic features, congenital heart disease, 
bilateral inguinal hernias, seizures, and 
congenital tightness of the heel cords. 
Pituitary insufficiency (central growth 
hormone deficiency) was also present in 
this patient, as noted above. No known 
syndrome or pattern of anomalies could 
be defined for the constellations of 
anomalies seen in these patients. Each 
patient had normal chromosome study 
results. All 11 patients had a DQ more 
than 2 SDs below the mean. 

Patients 15 and 16 were noted to have 
HCC with obstructive hydrocephalus. 
One patient (No. 16) had hydrocephalus 
secondary to meningomyelocele; the 
other (No. 15) was a child with chronic 
hydrocephalus due to a posterior fossa 
neoplasm. Interestingly, both had a 
normal IQ or DQ, respectively. 

Seven patients (Nos. 17 through 23) 
qualitatively assessed as having an 
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: Table 2.—Clinical and Morphometric Measures of Patients Qualitatively 
Assessed as Having HCC* 


Clinical Features Other 




























































































































































Patient No. / Than Developmentai Delay 
“pos Age, y/Sex CC/TICV or Mental Retardation 
-| Asolatead HCC 
1/4/M 0.008 
RUF 0.014 Seizures 
3/ty 6 mo/F 0.013 
HCC, other anomalies 
4/4 mo/F 0.013 Septo-optic dysplasia, absent septum pellucidum 
5/1 mo/F 0.002 Multiple congenital anomalies, cerebellar hypopia- 
sia, seizures 
6/2 mo/F 0.009 Meningomyelocele, colpocephaly 
7/6 mo/F 0,005 Seizures, failure to thrive, microcephaly, spastic 
diplegia 
8/7 mo/M 0.006 Idiopathic neurodegeneration 
9/6 mo/M 0.013 Septo-optic dysplasia 
10/.1/M 0.005 Multiple congenital anomalies, microcephaly, 
seizures 
11/2/M 0.008 Multiple congenital anomalies, syringomyelia- 
syringobulbia, seizures 
12/4/M 0.012 Enlarged cisterna magna 
18/4/F 0.004 Cerebellar hypoplasia 
14/2/M 0.004 Holotelencephaly 
Acquired HCC 
15/5 y 5 mo/F 0.003 Posterior fossa tumor 
16/2/F 0.005 Meningomyelocele, hydrocephalus, syringomyelia 
Apparent HCC (not <2 SDs) 
17/9 mo/F 0.015 
18/1 y 8 mo/M 0.016 
19/5/F 0.018 
20/1 mo/M 0.016 Meningomyelocele 
21/1/M 0.016 Enlarged cisterna magna 
22/1 y § mo/M 0.042 Agyria 
23/4/M 0.036 Enlarged cisterna magna 


the total intracranial vault (as defined in the text). 


HCC actually had a corpus callosum 
that was within 2 SDs of the normal 
average size for their age group (0 to 5 
years old). All but two of these (patients 
22 and 23) were, however, in the lower 
7% of the age-corrected size range 
(mean ratio of corpus callosum area to 
TICV midline brain cross-sectional 
¢ area, 0.034 +0.010). 


COMMENT 


Agenesis of the corpus callosum, both 
partial and complete, is recognized as a 
major developmental anomaly fre- 
quently associated with functional defi- 
cits in mental ability.’ In the past, a thin 
or small, but morphologically complete 
(hypoplastic), corpus callosum was 
thought to be a normal variant that 
could be attributed to a large degree of 
variability in the development of this 
structure. Morphometric analysis of 
normal individuals has now demonstrat- 
ed that the size of the corpus callosum 
shows relatively little variation within a 

- given age group.’ Thus, it is possible to 
correlate statistically significant differ- 
ences in the size of the corpus callosum 

with abnormalities of brain function. A 


a Arch Neurol—Vol 48, September 1991 





* HCC indicates hypoplastic corpus callosum; CC/TICV, the ratio of the corpus callosum area to the area of 























preliminary accumulation of cases sug- 
gested to us that HCC is not a normal 
variant but, in fact, a significant finding 
suggestive of more global aberrant 
brain development." 

We initiated this study to investigate 
this issue further. A retrospective re- 
view was performed on all cases seen in 
our neurogenetics clinic over a 3-year 
period. Of the 307 patients seen during 
this period, three (1.0%) were noted to 
have complete ACC or PACC. This 
finding is comparable with the range of 
0.2% to 2.9% found in other studies that 
have looked for these callosal anomalies 
in patient populations selected for de- 
velopmental delays or mental retarda- 
tion.” 

We identified an additional 23 pa- 
tients qualitatively assessed as having 
an HCC. This was confirmed by mor- 
phometrie analysis in 16 (5.2% of the 
total sample). Anomalies of the corpus 
callosum, in general, thus represented a 
significant proportion (6%) of patients 
in our population, a population selected 
for developmental delays. We found no 
sex, race, or socioeconomic predilection 
in our patients with callosal anomalies. 
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All 16 patients with an HCC had men: 
tal retardation (DQ or IQ <2 SDs below 
the mean), with the exception of two 
patients (Nos. 15 and 16). Both of these 
patients were noted to have hydroceph- 
alus, one associated with meningomye- 
locele and the other with a posterior 
fossa neoplasm. The occurrence of nor- 
mal intellect with an HCC in these two 
patients is consistent with a mechanical 
postnatal thinning of this structure. 
Thus, in these cases, the small size of 
the corpus callosum would be a second- 
ary phenomenon rather than an indica- 
tor of primary cerebral dysgenesis. This 
“secondary HCC” may be analogous to 
the HCC noted by Barkovich and Nor- 
man’ in patients with cerebral palsy. In 
our patients, however, only one (patient 
7) had a clinical picture suggestive of 
cerebral palsy. We would interpret 
these findings to suggest that, in the 
absence of indicators of factors that 
could influence callosal size after prima- 
ry morphogenesis, HCC is an indicator 
of aberrant cerebral development. 

The majority of patients with HCC 
(80%) had other developmental anoma- 
lies of the brain. Many of these anoma- 
lies were defects in midline structures, 
eg, hypoplasia of the cerebellar vermis, 
septo-optic dysplasia, absence of the 
septum pellucidum, pituitary insuffi- 
ciency, or an enlarged cisterna magna. 
(A large cisterna magna is commonly 
classified as a “normal variant.” Howev- 
er, we believe that it is not a normal 
variant but rather an extension of the 
spectrum of midline brain defects.” We 
will include it as such for purposes of 
discussion in this article.) The other ner- 
vous system anomalies seen in our pa- 
tients with HCC largely included more 
generalized defects such as agyria, col- 
pocephaly, holotelencephaly, and syrin- 
gomyelia-syringobulbia. 

Three patients had multiple congeni- 
tal anomalies of organ systems other 
than the central nervous system. It is 
well recognized that patients with ACC 
and PACC have an increased incidence 
of anomalies outside of the central ner- 
vous system. Ocular, craniofacial, mus- 
culoskeletal, and cardiovascular are the 
most commonly reported associated 
anomalies,’*" The associated anomalies 
seen in our patients with HCC as de- 
tailed above are strikingly similar to 
those reported for ACC and PACC. The 
overall incidence of associated anoma- 
lies seen in our patients (3/16 [19%)) is 
also consistent with that reported for 
ACC and PACC. Further studies will 
be needed to determine if the scope and 
magnitude of associated anomalies in 
HCC are truly comparable with those 
seen in ACC and PACC. 

In this study, we limited our analysis 
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< of MRI scans to the T,-weighted midsa- 

gittal slice. We acknowledge that there 
may be abnormalities of the corpus cal- 
losum that are not seen in the midline or 
not. appreciated on T,-weighted images. 
Thus, our estimate of the frequency of 
anomalies of the corpus callosum in pa- 
tients with nonspecific mental retarda- 
‘tion may be an underestimate. The ad- 
vantage of limiting analysis to the 
midline is that it greatly simplifies the 
method (eg, complex volumetric mea- 
surements are avoided), which makes 
the technique more easily accessible to 
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the clinician. Even though conserva- 


tive, this type of analysis is likely to 
identify a large proportion of patients 
with abnormal events in brain develop- 
ment and to provide information that is 
of interest to the clinician. 

We interpret these data to indicate 
that HCC is not a normal variant. In- 
stead, HCC appears to be an indicator of 
a more fundamental abnormality of ce- 
rebral development. Furthermore, 
while no characteristic clinical neuro- 
logic syndrome can be identified in these 
patients, HCC is usually associated 
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INDICATIONS AND USAGE 
ORAP {pimozide} is indicated for the suppression of motor and phonic tics in pahents 
with Tourette's Disorder who have failed to respond satistactorily to standard treatment 
ORAP is not intended as a treatment of first choice nor is i intended for the treatment for 
fics that are merely annoying or cosmetically troublesome. ORAP should be reserved tor 
use in Tourette's Disorder patients whose development and/or daily iite function is 
severely compromised by the presence of motor and phonic tics. 
Eviderice supporting approval of pimozide for use in Tourette s Disorder was obtained 
3n two controled clinical investigations which enrolled patients between the ages of 8 and 
§3 years. Most subjects in the two trials were 12 or older. 


CONTRAINDICATIONS. 


1. ORAP (pimozide) is contraindicated in the treatment of simple tics or tics other 
than associated with Tourette's Disorder. 

2. ORAP should not be used in patients taking drugs that may, themselves. cause 
motor and phonic fics (e.g, pemoline, methyiphenidate and amphetamines} until 
such patients have been withdrawn from these drugs to determine whether of not 
the drugs, rather than Tourette's Disorder. are responsible for the tes. 

3. Because ORAP prolongs the QT interval of the electrocardiogram it is 
contraindicated in patients with congenital jong QT syndrome, patients with a 
history of cardiac arrhythmias. or patients faking other drugs which prolong the OT 
interval of the electrocardiogram (see DRUG INTERACTIONS). 

4, RAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause. 

5. ORAP is contraindicated in patients with hypersensitivity to it. As it is not known 
whether cross-sensitivity exists among the antipsychotics, pimozide shouid be 
used with appropriate caution in patients who have demonstrated hypersensitivity 
fo other antipsychotic drugs. 





WARNINGS 
The use of ORAP {pimozide} in the treatment of Tourette's Disorder imvotves different 
Fisk/benetit considerations than when antipsychotic drugs are used to treat other 
conditions. Consequently, a decision to use ORAP should take into consideration the 
following: (see aiso PRECAUTIONS -information tor Patients) 


Tardive Oyskinesia A syndrome consisting of potentially irreversible, involuntary. 

dyskinetic movements may devetop in patients treated with antipsychotic drugs. 

‘Ahough the prevalence of the syndrome appears to be highest among the elderly. 

‘especially elderly women, it is impossibie to rely upon prevalence estimates to predict, at 

the inception of antipsychotic treatment, which patients are likely to develop the 

syndrome. Whether antipsychotic drug products differ in their potential to cause tardive 
ia is unknown, 

Both the risk of developing tardive dyskinesia and the likelihood that # will become 
irreversible are believed to increase as the duration of treatment is withdrawn 
Antipsychotic treatment, itself, however, may suppress (oF partially suppress) the signs 
and symptoms of the syndrome and thereby may possibly mask the underlying process. 
The effect that symptomatic suppression has upon the fong-term course of the 
syndrome is unknown. 

Given these considerations, artipsythotic drugs should be prescribed in a manner 
that is most likely to minimize the occurrence of tardive dyskinesia. Chronic 
antipsychotic treatment should generally be reserved for patients who sutter from a 
chronic Aness that, 1) is known to respond to antipsychotic drugs, and, 2) for whom 
alternative, equally effective, but potentially fess harmful treatments are not available or 
appropriate. in patients who do require chronic treatment. the smallest dose and the 
shortest duration of treatment producing 2 satistactory clinical response should be 
su The need for continued treatment shouid be reassessed periodically. 

signs and symptoms of tardive dyskinesia appear in a patient on antipsychotics, 
drug discontinuation should be considered. However, some patients may require 
treatment despite the presence of the syndrome 

{For further information about the description of tardive dyskinesia and its clinical 
detection, please refer to ADVERSE REACTIONS and PRECAUT! tONS- Information for 
Patients.) 


Neuroleptic Malignant Syndrome {NMS} A potentially fatal symptom complex 
sometimes referred ta as Neuroteptic Malignant Syndrome (NMS) has been reported in 
association with anti ic drugs. Clinical manifestations of NMS are hyperpyrena. 
muscle rigidity, altered mental status (including catatonic signs} and evidence of 
autonomic instability {irregular pulse or blood pressure, tachycardia, diaphoresis, and 
cardiac, dysrhythmias). Additional signs may include elevated creatine phosphokinase. 
myoglobinuria (rhabdomyolysis) and acute renal failure. 
The diagnostic evaluation of patients with this syndrome is complicated. In arriving at 
a diagnoses, ít is important to identity cases where the clinical presentation includes both 
serious medical illness (e.g. pneumonia, systemic infection, etc.) and untreated oF 
inadequately treated extrapyramidal signs and symptoms (EPS). Other important 
considerations in the differential diagnosis include central anticholinergic toxicity, heat 
stroke, drug tever and primary central nervous system (CNS) pathology. 
The management ot NMS should include 1) immediate discontinuation ot 
antipsychotic drugs and other drugs not essential to concurrent therapy, 2) intensive 
fic treatment and medical monitoring, and 3) treatment of any concomitant 
serious medical problems for which specific treatments are available. There is no general 
agreement about specific pharmacological treatment regimens for uncomplicated NMS. 
if a patient requires antipsychotic drug treatment after recovery from NMS, the 
potential reintroduction of drug therapy should be carefully considered. The patient 
should be caretulty monitored, since recurrences of NMS have been reported 
Hyperpyrexta, not associated with the above symptom complex, has been reported 
with other antipsychotic drugs. 
Other Sudden, deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder These deaths occurred while patients were receiving 
dosages in the range of 1 mg per kg. One possible mechanism for such deaths 1s 
ing patients to ventricular arrhythmia. An 

















‘PRECAUTIONS 
General ORAP (pimozide) may impair the mental and/or physical ablities required tor 


the performance of potentially hazardous tasks, such as driving a car or operating 
machinery, especially during the first few days of therapy. 

ORAP produces anticholinergic side effects and should be used with caution in 
individuals whose conditions may be aggravated by anticholinergic activity. 

ORAP should be administered cautiously to patients with impairment of liver or 
kidney function, because it is metabolized by the fiver and excreted by the kidneys. 

Antipsychotics should be administered with caution to patients receiving 

K medication, with a history of seizures, or with EEG abnormalities, because 
they may lower the convulsive threshold. If indicated, adequate anticonvulsant therapy 

te mainai stig 
Laboratory Tests An ECG should be done at baseline and periodically thereafter 
throughout the period of dose adjustment. Any indication af prolongation of OT, interval 
beyond an absolute #mit of 0.47 seconds (children) or 0.52 seconds {aduis}, or more 
than 25% above the patent's origina! baseline should be considered a basis for stopping 
further dose increase (see CONTRAINDICATIONS) and considering a lower dose. 

Since hypokalemia has been associated with ventricular arrhythmias, potassium 
insufficiency, secondary to diuretics, diarrhea, or other cause, should be corrected before 
ORAP therapy is inffiated and normal potassium maintained during therapy. 

Drug interactions Because ORAP prolongs the OT interval of the electrocardhogram, an 
additive effect on QT interval would be anticipated if administered with other drugs, such 
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as phenothiazines. tncyclic antidepressants oF agents, which prolong the 
QT interval. Such concomitant administration should not be undertaken (see 
CONTRAINDICATIONS}. 


ORAP may be capable of potentiating CNS depressants, including analgesics, 
sedatives, anxiotytics, and aicohot 


Carcinogenesis, Mutagenesis. Impairment of Fertility Carcinogenicity studias were 
conducted in mice and rats. In mice, pimozide causes a dose-felated increase in pauitary 
and mammary tumors 

When mice ware treated for up to 18 months wth pimozide, pituitary gland changes 
developed in females only. These changes were characterized as hyperplasia at doses 
approximating the human dose and adenoma a doses about fifteen times the madmum 
recommended human dose on a mg per kg basis. The mechanism for the induction of 
pituitary tumors in mice is not known 

Mammary gland tumors in female mice were also increased. but these tumors are 
expected in rodents treated with antipsychotic drugs which elevate prolactin levels. 
Chronic administration ot an antipsychotic also causes elevated prolactin levels in 
humans Tsssue culture experiments indicate that approximately one-third of human 
breast cancers are protactin-denendent in vitro. a factor of potential importance ¢ the 
prescription of these drugs is contempiated in a patient with a previously detected breast 
cancer. Although disturbances such as galactorrhea. amenorrhea. gynecomastia, and 
impotence have been reported with antipsychotic drugs, the clinical significance of 
elevated serum prolactin levels is unknown for most patients. Neither clinical studies nor 
epidemiologic studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence, 
however, is considered too limited to be conctesive at this time. 

in a 24 month carcinogenicity study in rats, animals received up to 50 times the 
maximum recommended human dose. No increased incidence of overall tumors of 
tumors at any site was observed in either sex Because of the limited number of animals 
surviving this study, Ihe meaning of these results 1s unclear 

Pimazide did not have mutagenic activity in the Ames test with four bacterial test 
strains. in the mouse dominant lethal test or in the mucronucteus test in rats. 

Reproduction studies in animals were not adequate to assess all aspects af tertity 
Nevertheless, temale rats administered pimozide had prolonged estrus cycles, an eftect 
also produced by other antipsychotic drugs. 


Pregnancy Category C. Reproduction studies performed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not revea! evidence of teratogenicity. In the 
rat, however. this multiple of the human dose resulted in decreased oregnancies and in 
the retarded development of fetuses. These effects are thought to be due to an inhibition 
or delay in implantation which is atso abserved in rodents administered other 
antipsychotic drugs. in the rabbit. maternai toxicity, mortality, decreased weight gain, 
and embryotoxcity including increased esarptions were dose related. Because animal 
reproduction studies are not always predictive of human response, aimozide shouid be 
given to a pregnant woman only if the potential benefits of treatment clearly outweigh the 
potentia! risks 


Labor and Delivery This drug has no recognized use in labor or delivery. 


Nursing Mothers it is not known whether simozide ss excreted in human miik. Because 
many drugs are excreted in human milk and because of the potential for tumorigenicity 
and unknown cardiovascular etfacts in the infant, a decision should be made whether to 
discontinue pursing oF to discontinue the drug. taking mto account te importance of the 
drug to the mother. 


pears (we Although Tourette's Disorder most often has its onse! between the ages at 
2 and 15 years, information on the use and efficacy of ORAP in patients less than 12 
years of age is limited 

Because its use and safety have not deen evaluated in other childhood disorders, 
ORAP is not recommended tor use in any condition other than Tourette's Disorder. 


ADVERSE REACTIONS 
General. Extrapyramidal Reactions. Neuromuscular (extrapyramidal) reactions during 
the administration of ORAP {pimozide} nave been reported frequently, often dunng the 
first few days of treatment. In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed, were usually mid to moderately severe and 
usually reversible 

Other types of neuromuscular reactions {motor restlessness, dystonia, akathisia, 
hyperretiexta, opisthotones, cculogytic crises) have been reportad far less frequently. 
Severe extrapyramidal reactions have been reported to occur at relatively iow doses. 
Generally the occurrence and severity of most extrapyramidal symptoms are dase related 
since they occur at relatively high doses and have been shown to disappear Or become 
less severe when the dose is reduced. Administration of anbparkinson drugs such as 
benztropine mesylate or trihexyphenidyi hydrochloride may be required for control ot 
such reactions. it should be noted that persistent extrapyramidal reactions have been 
reported and thatthe drug may have fo be discontinued in such cases. 

Withdrawal Emergent Neurological Signs. Generally, patients receiving short term 
therapy experience no probiems with abrupt discontinuation of antipsychotic drugs 
However. some patients on maintenance treatment experience transient dyskinetic signs 
after abrupt withdrawal. In certain ef these cases the dyskinetic movements are 
indistinguishable from the syndrome described below under “Tardive Dyskinesia’ except 
for duration. itis not known whether gradual withdrawal of antipsychotic drugs will 
reduce the rate of occurrence of withdrawal emergent neurological signs but unt further 
‘evidence becomes availahie, it seems reasonable to gradually withdraw use af ORAP 

Tardive Dyskinesia. ORAP may be associated with persistent dyskinesias. Tardive 
dyskinesia, a syndrome consisting of potentially irreversible, involuntary, dyskinetic 
movements, May appear in some patents on long-term therapy or may occur after drug 
therapy has been discontinued. The risk appears to be greater in elderly patients on high- 
dose therapy, especially females. The symptoms are persistent and in some patients 
appear itreversibie. The syndrome is characterized by chythmical involuntary 
movements of tongue, face, mouth or jaw {e.9.. protrusion of tongue, puffing of cheeks, 
puckering of mouth, chewing movements}, Sometimes these may be accompanied by 
involuntary movements of extremities and the trunk 

There is no known effective treatment for tardive dyskinesia. antiparkinson agents 
usually do aot alleviate the symptoms of this syndrome. It is suggested that att 
antipsychotic agents be discontinued if these symptoms appear. Shouid # be necessary 
to reinstitute treatment, or increase the dosage of the agent. or switch to a different 
antipsychotic agent. this syndrome may be masked. 

ìt has been reported that fine vernicular movement of the tongue may be an early 
sign of tardive dyskinesia and it the medication is stopped at that time the syndrome may 
not develop. 

Electrocardiographic Changes: Bectrocardiographic changes have been observed in 
clinical trials of ORAP in Tourette's Disorder and schizophrenia. These have included 
prolongation of the QT interval, fattening, notching and inversion of the T wave and the 
appearance of U waves. Sudden, unexpected deaths and grand mal seizure have 
occurred at doses above 20 mg/day 

Neuroleptic Malignant Syndrome Neuroleptic malignant syndrome (NMS) has been 
reported with ORAP. (See WARNINGS for further information concerning NMS.) 

Hyperpyrexia: Hyperpyrexia has deen reported with other antipsychotic drugs. 
Ciinicai Tats The following adverse reaction tabulation was derived from 20 patients in 
36 week iong placebo controlled clinica! trial of ORAP in Tourette's Disorder. 
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Body/System/ 
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Endocrine 
Menstrual disorder 
Breast secretions 


Musculoskeletal 
Muscle cramps 
Muscle tightness 
Stooped posture 


CNS 

Drowsiness 
Sedation 

insomnia 

Duziness 

Akathisia 

Rigidity 

Speech disorder 
Handwriting change 
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Visual disturbance 
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Because clinical investigational experience with ORAP in ToureRe's Disorder is 
limited, uncommon adverse reactions may not have been detected. The physician 
shouid consider that other adverse reactions associated with antipsychotics may occur. 


Other Adverse Reactions in addition to the adverse reactions listed above, those listed 
below have been reported in U.S clinical trials of ORAP in conditions other than 
Tourette's Disorder. 

Body as a Whole. Asthenia, chest pain, periorbital edema 

Cartiovascular/Respiratory, Postural hypotension, hypotension, hypertension, 
tachytardia, palpitations 

Gastrointestinal. Increased salivation. nausea, vomiting, anorexia, Gt distress 

Endocrine. Loss of libido 

Metabolic/Nutrtional: Weight gain, weight loss 

Centra! Nervous System: Dizziness. tremor, parkinsonism, fainting. dyskinesia 

Psychiainc: Excitement 

Skin: Rash, sweating, skin irritation 

Special Senses: Blurred vision, cataracts 

Urogenital Noctuna, urinary frequency 
Postmarkating Reports The following experiences were described in spontaneous 
postmarketing reports. These reports do not provide sufficient information to establish a 
clear causal relationship with the use of ORAP. 

Hematologic: Hemolytic anemia 


OVERDOSAGE 

In general, the signs and symptoms of overdosage with ORAP (pimozide) woukt be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of whic would be: 1) electrocardiographic abnormalities, 2) severe 
extrapytamidal reactions, 3) hypotension, 4) a comatose state with respiratory 
depression 

in the event of overdosage, gastric lavage, establishment of a patent airway and, i 
necessary mecharically-assisted respiration are advised. Elactrocardiographic 
monitoring should commence immediately and continue until the ECG parameters are 
within the normal range. Hypotension and circulatory collapse may be counteracted by 
use of intravenous fluids, plasma. or concentrated albumin, and vasopressor agents such 
as metaramino!, phenylephrine and norepinephrine. Epinephrine should not be used. in 
case of severe extrapyramidal reactions, antiparkinson medication shoutd be 
administered. Because of the long hatt-life of pimozide, patients who take an overdose 
should be observed for at least 4 days. As with all drugs, the physician should consider 
contacting a poison control canter for additional information on the treatment of 
overdose 


DOSAGE AND ADMINISTRATION 

Reliable dose response data for the etfects of ORAP {pimozide} on tic manifestations 
in Tourette's Disorder patients below the age of twelve are not available. Consequently, 
the suppression of tics by ORAP requires a slow and gradual introduction of the drug. 
The patient's dose should be caretully adjusted to a point where the suppression of fics 
and the rele! afforded is balanced against the untoward side effects of the drug. 

An ECG should be done at baseline and periodically thereafter, especially during the 
period of dose adustment (see WARNINGS and PRECAUTIONS-Laboratory Tests) 

in general, treatment with ORAP shouid be initiated with a dosa of 1 to 2 mg a day in 
divided doses. The dose may be increased thereafter every other day. Most patients are 
maintained at iess than 0.2 mg/kg per day, or 10 mg/day, whichever is fess. Doses 
greater than 0.2 mg/kg/day or 10 mg/day are nat recommended. 

Penodic attempts should be made to reduce the dosage of ORAP to see whether or 
not tics persist at the level and extent first identified. in attempts 10 reduce the dosage of 
ORAP. consideration shouid be given to the possibility that increases of tic intensity and 
frequency may represent a transient, withdrawal related phenomenon rather than a return 
of disease symptoms. Specifically, one to two weeks should be allowed to elapse before 
one concludes that an increase in tic manifestations is a function of the underlying 
disease syndrome rather than a response to drug withdrawal. A gradual withdrawal is 
recommended in any tase. 


HOW SUPPLIED 
ORAP {pimozide} 2 mg tablets, white, scored. imprint “LEMMON” and “ORAP-2"—NOC 
57844-167-01, battles of 100. 
Dispense in tight, fight-resistant containers as defined in the official compendium. 


Made in Canada 
Manutactured by: 
McNeil Pharmaceutical, (Canada) Lid. 
Stouttville, Ontario L4A 7x7 


Printed in USA 
Rev. A 6/83 


GATE Pharmaceuticals 
Division of Lemmon Company 
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_Alcohol-Induced Brain Changes in Dogs 
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Lawrence A. Hansen, MD; Benjamin H. Natelson, MD; Cynthia Lemere, MS; Wendell Niemann, DVM; 
Richard De Teresa; Timothy J. Regan, MD; Eliezer Masliah, MD; Robert D. Terry, MD 


© We studied the neuropathologic effects 
of chronic alcohol ingestion on the brains of 
healthy, well-nourished, male mongrel dogs. 
Five experimental dogs were provided 36% 
of their calories as ethyl alcohol for 1 year. 
Following killing, their brains were weighed, 
photographed, sectioned, and processed for 
computerized morphometric determinations 


- of ventricular size, cortical thickness, and 


neocortical neuron and glial cell popula- 


_ tions. Compared with a similarly handled 
` control group, the alcoholic dog brains 
» Showed lateral ventricular enlargement, cor- 


tical thinning in the temporal lobe only, and 
fewer glial cells in the temporal and frontal 
cortices. There were no statistically signifi- 
cant differences between the alcoholic and 
control groups in brain weight, frontal or pa- 
rietal cortical thickness, or neocortical neu- 
ron populations. These results imply a dis- 
proportionate vulnerability of white matter to 
the damaging effects of alcohol with conse- 
quent lateral ventricular enlargement, and 
some regional variation in neocortical sus- 
ceptibility to alcohol-induced cortical thin- 


ning and glial cell loss. In general, such 


changes are consistent with those described 
in neuroradiologic imaging studies of human 


- alcoholics. 





(Arch Neurol. 1991 ;48:939-942) 


very neurologist is aware of an asso- 
ciation between alcoholism and 
mental function, and indeed a recent 
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review of causes of dementia notes that 
alcoholism is diagnosed as the etiologic 
factor in 7% of all demented patients.’ 
Supporting the idea of an association 
between alcoholism and brain disease 
are several radiologic’ and pathologic” 
studies that show hydrocephalus and 
brain shrinkage by computed tomogra- 
phy in alcoholic patients. 

Unfortunately, such studies do not 
allow one to decide whether the rela- 
tionship between alcoholism and cogni- 
tive dysfunction is merely associative or 
whether the relationship is one of cause 
and effect. After all, it is known that 
alcoholics have a number of other major 
risk factors, which can summate as clini- 
cal dementia. These include (1) poor nu- 
trition that can produce Wernicke-Kor- 
sakoff syndrome, (2) repeated head 
trauma related directly or indirectly to 
drinking that can produce the punch 
drunk syndrome, and (3) repeated sei- 
zures (ie, alcohol withdrawal seizures or 
rum fits) that can produce head trauma 
and/or cerebral anoxia. 

Harper et al’ have collected additional 
neuropathologic data from humans in an 
effort to clarify the question of what 
alcohol does to the brain. They showed 
that frank alcoholism was associated 
with significantly larger ventricular 
volume than control subjects drinking 
less than 20 g of ethyl alcohol per day. 
Importantly, moderate drinkers, those 
drinking 30 to 80 g per day, had ventric- 
ular volumes that were intermediate 
between those of the control subjects 
and those of the alcoholics. This study 
suggests that alcohol may be a primary 
cerebrotoxin. However, the classifica- 
tion of “moderate” or “alcoholic” was 
always done retrospectively, and so one 
can never be sure about the patient’s 
drinking status. 

Unfortunately, in understanding the 


cause of any human disease, research 
with humans rarely allows one to go 
definitively beyond associations among 
variables to cause-and-effect relation- 
ships. One way to circumvent this prob- 
lem is to use animal models—a tactic we 
have chosen. This allows one to elimi- 
nate extraneous causes of brain disease 
by controlling dietary and medical con- 
ditions in experimental animals. 

In this study, we used 2- to 3-year-old 
healthy male mongrel dogs to assess the 
neuropathologic effects of a high alcohol 
diet in an experimental group consum- 
ing 36% of their daily calories as ethyl 
alcohol. The brains of the alcoholic and 
control dogs were fixed, sectioned, pho- 
tographed, and examined with comput- 
erized morphometric methods to deter- 
mine ventricular sizes and neocortical 
neuron. and glial populations in various 
lobes. Since the experimental alcoholic 
and control dogs were fed calorically 
similar diets and maintained under 
identical conditions, any neuropatholo- 
gic changes found could be attributed to 
the effects of alcohol rather than to nu- 
tritional deficiencies. We obtained re- 
sults generally comparable with those 
found using neuroradiologic imaging 
techniques in the analysis of human al- 
coholic brains, ie, ventricular enlarge- 
ment presumably caused by reduced 
white matter volume and comparatively 
subtle neocortical alterations, 


MATERIALS AND METHODS 


Male mongrel dogs, 2 to 3 years of age, 
were selected from animals in good health 
and divided into control and chronic ethyl 
alcohol groups. The dogs in the two groups 
were matched well for size, with those in the 
alcohol group having weights ranging from 
25.3 to 32.0 kg (mean, 28.6 kg), and with 
those in the control group having weights 
ranging from 22.0 to 32.0 kg (mean, 26.7 kg). 


AlcoholinDogs—Hansenetal 939 


All were vaccinated against distemper, hep- 
atitis, and leptospirosis, and were housed in 
individual cages. They were free of intestinal 
parasites and clinical evidence of disease for a 
period of 6 to 8 weeks of observation before 
admission to the study. Blood samples were 
negative for heartworms, and both hemato- 
crit and serum protein levels were initially 
normal. The control dogs received a diet suf- 
ficient to maintain body weight in the adult 
animals (260.4 J/kg), consisting of 26% of 
calories as protein, 12% fat, and 62% carbo- 
hydrate. The corresponding values in the al- 
coholic group were 16.6% of calories as pro- 
tein, 7.7% lipid, and 39.7% carbohydrate, 
which met the minimum standard for main- 
taining a normal nutritional state.’ 

After 4 weeks of progressively increasing 
doses, animals consuming virtually all the 
ethyl alcohol provided were admitted to the 
experimental group. There were five dogs in 
the control group and five in the alcohol 
group. The chronic ethyl alcohol animals 
were provided 36% of calories as ethyl alco- 
hol for 6 days per week. On the seventh day, 
the nonalcoholic control diet was provided. 
Due to difficulties in feeding by gastric tube 
for prolonged periods, the ethyl alcohol 
(USP, US Industrial Chemicals, Division of 
National Distillers and Chemical Corp, New 
York, NY) was administered with the food. 
Apart from obvious sedation related to the 
alcohol meal, the experimental animal could 
not be differentiated from the control dogs. 
After 11 to 12 months the animals were anes- 
thetized with chloralose following an over- 
night fast. Electrophysiologie and metabolic 
studies were performed over the subsequent 
3 hours, while these closed-chest animals 
were ventilated through an endotracheal 
tube with 40% oxygen. Blood was collected 
for assay of hematocrit, albumin, and electro- 
lyte concentrations. In terms of these blood 
indexes, good nutrition was documented in 
the aleohol-fed group, since mean values for 
albumin, sodium, potassium, chloride, and 
hematocrit did not differ significantly from 
those of the control dogs, At termination the 
chest was opened, and the heart was arrest- 
ed with iced Ringer's solution. Both common 
carotids were clamped, cannulated, chilled, 
heparinized, and perfused with saline fol- 
lowed by formaldehyde solution. The calvari- 
um was then opened and the brain removed 
and stored in 4% formaldehyde solution for 
several months. 

The brains were then photographed and 
weighed both with and without the brain 
stems and cerebellums attached. Tissue 
blocks for neocortical morphometry were 
taken from the left hemisphere. The frontal 
lobe section was from the pars anterior of the 
sigmoid gyrus in the precoronal region, the 
territory of the motor cortex. The temporal 
lobe section was from the pars posterior of 
the sylvian gyrus, posterior to the sylvian 
fissure. The parietal lobe section was from 
the junction of the gyrus suprasylvius medi- 
um and gyrus suprasylvius posterior.” It can 
be contended, on cytoarchitectural criteria, 
that this brain region is actually a part of the 
temporal lobe rather than the parietal lobe. 
We chose this area, nevertheless, because on 
gross inspection of the lateral surface of the 
brain it most closely corresponded to the in- 
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ferior parietal lobule in the human brain. In 
selecting these three neocortex sections for 
analysis, we were attempting to parallel 
those used in morphometric studies of the 
human brain concerning normal aging, Alz- 
heimer’s disease, and alcoholism. Specifical- 
ly, the brain regions analyzed in those inves- 
tigations are the midfrontal cortex, superior 
temporal gyrus, and inferior parietal area. 

Two coronal slices were made to evaluate 
the cross-sectional areas of the ventricular 
systems. The anterior section was made 
through the temporal tips, perpendicular to 
the long fronto-occipital axis of the specimen. 
The posterior level was made at or near the 
splenium of the corpus callosum. To evaluate 
the size of the fourth ventricle, a section was 
taken through the pontomesencephalic junc- 
tion at the level of the genu of the facial 
nerve. Using a computerized image analysis 
system (Quantimet 970), the black-and- 
white photographs of the brain slices were 
digitized into computer images, allowing 
measurement of ventricular areas at the 
three levels. 

Tissue blocks taken from frontal, tempo- 
ral, and parietal lobes were oriented careful- 
ly to ensure that the cortex along the sulcus 
was cut perpendicular to the pial surface. 
Following paraffin embedding, 20-~m-thick 
cresyl violet preparations were made. 
Counts were performed with the computer- 
ized image analysis system in a rectangle of 
cortex measuring 360 pm in width along the 
pial surface extending through the full corti- 
cal thickness. The microscopic image was vi- 
sualized on a video screen that allowed man- 
ual editing of the computer image. 
Contiguous cells were separated, vascular 
elements and artifacts were excluded, and 
cells whose cytoplasmic outlines were incom- 
pletely detected (by the computerized count- 
ing program) were filled in before 
measurement. 

All cresyl violet-stained cells in the neocor- 
tex were classified into size groups according 
to the areas of the perikarya in square mi- 
crons. To determine which cells were neu- 
rons and which cells were glia, we performed 
the following analysis using both alcohclic 
and normal control dog brain sections from 
the frontal and parietal lobes. Moving from 
the pial surface to the white matter through 
the counted neocortical area, all cells that 
could be definitely identified as neurons on 
the basis of nuclear morphology, nucleolar 
prominence, Nissl substance, and pyramidal 
shape were measured and counted. The same 
cortical area was then counted again, only 
this time those cells that could be definitely 
identified as either astrocytes or oligoden- 
droglia were measured and counted. Mor- 
phologic criteria for these decisions were nu- 
clear shape, chromatin pattern, and 
cytoplasmic contours. These determinations 
were performed in four cases (two normal 
subjects and two alcoholics) for both neurons 
and glia. We found that 98% of all cells that 
could be definitively identified as neurons 
were 80 pm’ or greater in cross-sectional 
area, while 99% of all cells definitively identi- 
fiable as glia were less than 80 pm’ , and 95% 
of these were less than 60 pm”. There was, 
therefore, almost no overlap between neu- 
rons and glia, and cell size/cell type correla- 


tions could be made with confidence. We 
made a similar attempt to distinguish be- 
tween oligodendroglia and astrocytes on the 
basis of cross-sectional area. Despite the fact 
that oligodendroglia were, on average, 
smaller than astrocytes, these two cell types 
showed too much size overlapping to allow 
confident distinction between them based on 
cell surface area. For the purposes of this 
study, we therefore lumped oligodendroglia, 
astrocytes, and microglia in the single cate- 
gory of glial cells. 


RESULTS 


Statistical comparisons between data 
from alcoholics and controls were made 
by averaging the measured variables 
for each group and using the two-tailed 
Student t test. Significance was as- 
signed if the P value was less than .05. 
The results are given in Tables 1 and 2. 
Significant differences between alcohol- 
ic and control brains were found in only 
five of 16 measured variables. Com- 
pared with the control brains, the alco- 
holic specimens had larger lateral ven- 
tricles and cerebral aqueducts, a 
thinner cortical ribbon in the temporal 
section only, and fewer glial cells in the 
temporal and frontal cortices. The ven- 
tricular enlargement was most promi- 
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nent posteriorly, at the level of the | 


splenium of the corpus callosum (Fig- 
ure). Lateral ventricle surface areas in 
four of five alcoholic dogs exceeded the 
mean lateral ventricle size for the five 
control dogs by more than 1 SD. There 
were no statistically significant differ- 
ences in whole brain weights, cerebral 
weights, or the weights of the combined 
brain stem and cerebellum. There was 
no difference in frontal or parietal corti- 
cal thickness, and neuron populations in 
all neocortical regions were undimin- 
ished in the alcoholic group. We did not 
compare mean neuron sizes in the two 
groups. There was no statistically sig- 
nificant enlargement of the third or 
fourth ventricles in the alcoholic com- 
pared with control brains, and glial pop- 
ulations in the parietal section were the 
same. 


COMMENT 


To our knowledge, this study is the 
first to show definitively that alcohol 
can directly harm the brain and thus 
conceivably produce dementia. These 
results imply that white matter rather 
than gray matter bears the brunt of the 
neuropathologic damage caused by high 
alcohol intake. Neuron populations 
from all neocortieal regions were undi- 
minished in the alcoholic compared with 
the control brains, and the cortex 
showed significant thinning only in the 
temporal lobe. However, the lateral 
ventricles and cerebral aqueduct were 
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dilated, and this must be interpreted as 
reflecting reduced white matter vol- 
ume, since the cortex showed only slight 
regional thinning. Interestingly, there 
is an apparent loss of glial cells (either 
astrocytes or oligodendroglia) in both 
the frontal and temporal cortices. 
These data in a nonhuman animal 
model confirm the findings of many 
neuroradiologic and morphometric 


studies of aleoholic human brains. Some 
investigators have found diminished 
brain weights among alcoholics,’ but 


others have found no significant diminu- 
tion in mean brain weight compared 
with controls.’ Brain weights did not 
differ significantly in our study between 
the alcoholics and the control group. 
Many investigators have found dispro- 
portionate atrophy of cerebral white 
matter compared with gray matter 
among aleoholics.°"" 

Our finding of greater temporal lobe 
changes (cortical thinning and loss of 
glial cells) also supports the concept of 
regional variation in the severity of 









































































“NS indicates not significant. 






Control Subjects Alcoholics 
(SD) 

(N = 5) (N = 5) P 
Whole brain weights, g 102 (15.7) 94.2 (7.53) NS 
Cerebral weights, g 85 (14.3) 78.6 (6.95) NS 
Brain stem / cerebellum, mm? 16.8 (1.92) 15.6 (0.89) NS 
Lateral ventricles, mm? 134 (59.1) 234 (56.4) <.05 
Third ventricle, mm? 5.5 (1.74) 8.82 (4.12) NS 
Aqueduct of Silvius, mm? 4.4 (0.97) 6.08 (0.99) <.05 
Fourth ventricle, mm? 44.8 (18.8) 27.8 (2.88) NS 


Control Subjects 











Alcoholics 




























































































(SD) (SD) 
(N = 5) (N = 5) 
Mean cortical thicknesses, um 
Frontal 1930 (274) 1800 (177) NS 
Temporal 2130 (239) 1730 (228) 
Parietal 1730 (141) 1690 (123) 
Mean neuron counts 
Frontal 316 (92) 298 (38) 
Temporal 355 (71) 291 (27) NS 
Parietal 362 (53) 371 (49) NS 
Mean glia counts 
Frontal 722 (94) 586 (76) <.05 
Temporal 678 (183) 440 (37) <.05 
Parietal 730 (124) 724 (229) NS 







“Neurons are all cells 80 um? or larger; glia are all cells less than 80 um: NS indicates not significant. 


neuropathologic effects of alcohol. It 
has long been known that alcohol causes 
neuron loss in the rostral cerebellar ver- 
mis while leaving other regions of cere- 
bellum relatively unaffected. Similarly, 
quantitative morphometric studies of 
human alcoholic brains have shown 
some neuron loss in the superior frontal 
cortex, while neuron populations were 
undiminished in the motor cortex.’ Nev- 
ertheless —at least over the time span of 
alcohol exposure used in this study— 
nerve cell loss per se does not appear to 
be a major pathologic effect of alcohol. 
Rather, neuronal shrinkage could occur 
while the white matter volume is dimin- 
ishing. We are unable to comment on 
neuronal shrinkage as such, since our 
computer program serves to measure 
cells and assign them to size categories, 
but not to determine average cell sizes 
within those categories. Absence of ir- 
reversible cell loss secondary to alcohol 
consumption is, however, supported by 
many studies showing reversibility, 
both of ventricular enlargement and of 
deficits in psychologic testing evidenced 
by alcoholics.” 

The cause of reduced white matter 
volume is speculative. If axons shrink in 
response to chronic alcohol ingestion, 
loss of axonal caliber may be accompa- 
nied by thinning of myelin sheaths and 
resulting white matter shrinkage. Al- 
ternatively, our finding of diminished 
glial cells in the neocortex may reflect 
damage to oligodendroglia, and sug- 
gests that these cells may be affected 
directly in the underlying white matter. 
Experimental models of ethyl alco- 
hol-induced neurotoxicity have shown 
abnormal myelin development in rats 
exposed to alcohol in utero, with de- 
layed myelination and reduced accumu- 
lation of brain myelin.” Alcohol con- 
sumption in the first two trimesters 
increases the risk of producing children 


Representative brains from the control group (left) and the alcoholic group (right). At the level of the 
splenium of the corpus callosum, both the lateral ventricles and the cerebral aqueduct were 
enlarged in the alcoholics. LV indicates lateral ventricles: A, aqueduct. 
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whose development is delayed and 
growth lags permanently. Alcohol in 
the third trimester and during lactation 
may increase the risk of impaired nor- 
mal development of brain myelin. A 
study of alcoholic brains in patients 
without Wernicke’s disease showed di- 
minished myelin in the mamillary bod- 
ies compared with controls, but normal 
amounts of myelin in dorsal thalamus, 
quadrigeminal plate, and cerebellar 
vermis. These data were interpreted as 
reflecting regional variation in suscepti- 
bility to aleohol damage and as implying 
a specific myelin vulnerability." Fur- 
ther support for the concept of alcohol 
myelin toxicity comes from a study 
showing delayed latencies of auditory 
brain-stem potentials in alcoholics com- 
pared with controls. These findings 
were considered suggestive of possible 
demyelination of auditory tracts in alco- 
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holies." Simple dehydration in alcohol- 
ism as an explanation for the white mat- 
ter loss does not seem to be an operative 
mechanism. In fact, neurochemical 
studies of white matter in alcoholics 
have shown decreased lipid content and 
increased water content. White matter 
is about 70% water, 20% lipid, and 10% 
protein, and most of the lipid and pro- 
tein are combined to form membranes, 
myelin in particular. When the water 
content increases the lipid content de- 
creases, and this pattern of change can 
be seen in both demyelinating condi- 
tions and wallerian degeneration.’ The 
increased white matter water content in 
alcoholics could be due either to axonal 
loss (wallerian degeneration) or to more 
subtle primary myelin alterations. 
Whether the neurotoxic effects of alco- 
hol in the centrum semiovalae are at- 
tributable to damage to axons primarily 
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or oligodendroglial cells is presently 
undetermined. 

Further studies using this dog model 
would be necessary to determine if the 
alcohol-induced ventricular dilatation is 
reversible by abstinence. Neverthe- 
less, the otherwise relatively mild ef- 
fects of high alcohol intake seen in this 
study as well as the reversibility of the 
brain shrinkage seen in human alcohol- 
ies, are eause for optimism, since they 
imply that abandonment of the alcoholic 
life-style may result in functional and in 
anatomic reconstitution of an essential- 
ly normal brain. The neuropathologic 
consequences of continued alcohol use 
beyond the duration used herein remain 
unknown. The fact that frank dementia 
does eventually occur in the heavy 
drinker suggests the presence of great- 
er neuropathologic changes than those 
seen in our animal model. 


12. Harper CG, Kyril JJ, Holloway RL. Brain 
shrinkage in chronic alcoholics: a pathological 
study. BMJ. 1985;290:501-504. 

13. Lancaster FE, Philips SM, Patsalos PN, 
Wiggins RC. Brain myelination in the offspring of 
ethanol-treated rats: in utero versus lactational ex- 
posure by cross fostering offspring of control, 
pairfed, and ethanol treated dams. Brain Res. 
1984;309:209-216. 

14. Alling C, Bostrom K. Demyelination of mam- 
millary bodies in alcoholism: a combined morpho- 
logical and biochemical study. Acta Neuropathol. 
1980;50:77-80. 

15. Begleiter H, Porjesz B, Chou CL. Auditory 
brainstem potentials in chronic alcoholics. Science. 
1981;211:1064- 1066. 


Alcohol in Dogs—Hansen et al 











Millions Go 


Widely Untreated 





A Depression Teleconference 
sponsored by the American 

Medical Association and the 

National Institute of Mental Health 
According to the National Institute of 
Mental Health, over 10 million 
Americans will suffer from depression at 
least once in their lives. 


Most patients are not seen by mental 
health professionals, but by primary care 
physicians. 


The American Medical Association and 
the National Institute of Mental Health 
are sponsoring a three-part teleconter- 
ence at no cost to you, offering the 
primary care physician important 
information on diagnosing and treating 
depression among patients. 


You are invited, and encouraged, to 
attend this important series. There will 
be numerous satellite link-ups at 
hospitals throughout the United States. 
Call now to register and to find out the 
location nearest you. 


Schedule: 

Program One: 

Epidemiology, Etiology, Diagnosis 
October 24, 199] 

2:00-3:30 pm (ET) 


Program Two: 

Treatment: Pharmacology and 
Psychotherapy 

November 21, 1991 

2:00-3:30 pm (ET) 


Program Three: 

Depression Among Special Populations 
December 11, 1991 

2:00-3:30 pm (ET) 


To register for this free teleconfer- 

ence and to find out the location 

nearest you, call TOLL-FREE 
1-800-262-3211. 


The American Medical Association is accredited by the 
Accreditation Council for Continuin g Medical 

Ed: TE Lo sponsor contintang M education for 
ph s. The American Medical Association 

de s this continuing mec diela education activity for 
1.5 credit hours of Category } of the Physician's 
Recognition Award of the American Medical 
Association. 











This program has been reviewed and ts acceptable for 
1.3 prescribed hours by the American Academy of 
Family Physicians. 


The American College of Obstetricians and 
Gynecologists has assigned 2 cognates (formal learning) 
to this program. 
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NEURO-OPHTHALMOLOGY 


Emphasizing the following: The Neuro- 
Ophthalmologic Exam, The Pupil, 
Visual Loss Workup, Optic Nerve Dis- 
orders, Diplopia Workup, Motility Dis- 
orders, Headache, Visual Fields, Chias- 
mal and Parasellar Disease, Thyroid 
Eye Disease, Myasthenia Gravis, 
Strokes, Pseudotumor Cerebri, and 
other entities. 


OCTOBER 24-25, 1991 
OKLAHOMA CITY, OKLAHOMA 
WATERFORD HOTEL 


J. LAWTON SMITH, M.D. 
JOHN A. McCRARY, M.D. 
BRADLEY K. FARRIS, M.D. 


SPONSORED BY 
THE DEPARTMENT OF OPHTHALMOLOGY 
DEAN A. MCGEE EYE INSTITUTE 


IN CONJUNCTION WITH 
THE OFFICE OF CONTINUING MEDICAL EDUCATION 
THE UNIVERSITY OF OKLAHOMA HEALTH SCIENCES CENTER 
COLLEGE OF MEDICINE 
OKLAHOMA CITY, OKLAHOMA 


The University of Oklahoma College of Medicine is 
accredited by the Accreditation Council for Con- 
tinuing Medical Education (ACCME) to sponsor 
continuing medical education for physicians. 


The Office of Continuing Medical Education of the 
University of Oklahoma College of Medicine desig- 
nates this continuing medical education activity 
as meeting the criteria for 11 credit hours in 
Category | of the Physician's Recognition Award of 
the American Medical Association. 


For further information contact the Office of Continu- 
ing Medical Education at 405/271-2350. 





Lower Extremity Motor Evoked Potentials 


in Multiple Sclerosis 


Seth M. Jones, MD; Leopold J. Streletz, MD; 


Vicki E. Raab, MD; Robert L. Knobler, MD, PhD; Fred D. Lublin, MD 


è Transcranial magnetic stimulation was 
performed on 25 patients with definite multi- 
ple sclerosis. Motor evoked potentials were 
recorded from the anterior tibial muscle. 
Central motor conduction time was calculat- 
ed using the equation (F + M —- 1)/2 by stimu- 
tation of the common peroneal nerve. Motor 
evoked potentials were capable of detecting 
subclinical pyramidal tract lesions in multi- 
ple sclerosis. in patients with multiple sclero- 
sis, the incidence of abnormality of motor 
and somatosensory evoked potentials was 
similar. Central motor conduction time was 
correlated with overall and pyramidal tract 
subscores on the Kurtzke Disability Status 
Scale and the Scripps Neurological Rating 
Scale. Central motor conduction time abnor- 
malities correlated best with the presence of 
a Babinski’s sign but also correlated signifi- 
cantly with weakness and hyperreflexia. 

(Arch Neurol, 1991;48:944-948) 


M agnetic coil (MC) stimulation of the 
human motor system has received 
increasing attention in the clinical neu- 
rophysiological literature since its in- 
troduction by Barker and coworkers’ in 
1985. The advantages of this technique 
over transcranial electrical stimulation 
are less patient discomfort, more con- 
sistent stimulation of deeper neural 
structures, and ease of stimulus applica- 
tion. Minor disadvantages are the rela- 
tive dispersion of the response wave 
forms, variability of the amplitude of 
these wave forms with successive stim- 
ulation, and the uncertainty of location 
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of the precise point of MC stimulation.* 

Electrical stimulation of the motor 
pathways has been used to study multi- 
ple sclerosis (MS) in both upper and low- 
er extremities. Magnetic coil stimula- 
tion techniques have been used to study 
motor evoked potentials (MEPs) in pa- 
tients with a variety of neurologic disor- 
ders including MS.*" Most of those 
studies using electrical stimulation fo- 
cused primarily on the responses ob- 
tained from the upper extremities. 
These studies often included determina- 
tions of central motor conduction time 
(CMCT), but usually in combination 
with transcutaneous electrical stimula- 
tion of the spinal cord and motor roots.’ 
Several studies have used MC stimula- 
tion to obtain MEPs and to calculate 
CMCT to the lower extremities.*" The 
purpose of our study was to determine if 
MC stimulation and MEPs in the lower 
extremities were clinically useful in pa- 
tients with definite MS. Our technique 
differed from that of other investigators 
in that the entire procedure was per- 
formed with the MC and utilized a meth- 
od of CMCT determination involving M- 
and F-wave latencies. We examined 
correlations between MEP parameters 
and our patients’ neurologic signs. 


PATIENTS AND METHODS 
Patients and Control Subjects 


Control subjects consisted of 30 healthy 
volunteers (19 men and 11 women) with a 
mean age of 30.5 years (range, 19 to 50 
years). The patient group was drawn from 
the Multiple Sclerosis Center of Thomas Jef- 
ferson University Hospital, Philadelphia, 
Pa, and consisted of 25 hospitalized p patients 
with the diagnosis of definite MS.” There 
were 14 women and 11 men with a mean age 
of 40.8 years (range, 32 to 52 years). 

All subjects gave informed consent to a 


protocol approved by the Thomas Jefferson 
University Hospital institutional review 
board. All patients had neurologic examina- 
tions with particular attention to pyramidal 
tract signs. Motor strength was assessed by 
the 0 to 5 Medical Research Council scale, 
and all patients were scored on the Kurtzke 
Expanded Disability Status Scale and the 
Seripp’s Neurological Rating Scale.” In addi- 
tion to the MEP studies, all patients with MS 
had lower extremity somatosensory evoked 
potentials (SEPs) performed according to 
the American Electroencephalographic Soci- 
ety guidelines. Most underwent magnetic 
resonance imaging of the brain and spinal 
cord and cerebrospinal fluid immunoglobulin 
studies. 


MEP Stimulation and 
Recording Technique 


Magnetic coil (Caldwell MES-10) stimula- 
tion was accomplished with a 9.5-em gircular 
coil that generated a 2.2-T sinusoidal pulse at 
100% output. The common peroneal nerve 
was stimulated at the fibular head. The coil 
was held tangentially with the coil edge posi- 





a 
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tioned over the nerve. The MEPs were re- k 


corded using standard electromyograph 
electrodes with the active lead over the mo- 
tor point of the anterior tibial muscle and the 
reference lead over the anterior tibial ten- 
don. The response was recorded with a con- 
ventional electromyograph (Teca TD-10) us- 
ing a cathode ray tube with a sweep of 50 to 
100 milliseconds [ms] and a sensitivity of 0.5 
to 1.0 mV per division. Transcranial MC 
stimulation of the motor cortex was obtained 
with the coil held tangentially to the scalp, 
15 cm rostral to the inion. The center was 
slightly posterolateral to the vertex. The 
MEPs were first recorded with the foot of the 
target limb slightly dorsiflexed (5% to 10% 
maximum contraction), which facilitated the 
response, This was followed by a second re- 
cording at rest, Stimulus intensity was set 
between 80% and 100% output. If there was 
any variation in the latency of anterior tibial 
muscle responses to transcranial, lumbar, or 
peripheral magnetic stimulation, the shor- 
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CMCT, ms 


Controls MS 


n=30 
(30 Limbs) 


n=25 
(35 Limbs) 


Fig 1.—Scattergram of central motor conduc- 
tion time (CMCT) in the lower extremities of 30 
control subjects (left) and 25 patients with 
multiple sclerosis (MS) (right). Recordings 
were made from one limb in the control group 
and from both limbs in patients with MS. Re- 
sponses were obtained in 34 of 50 limbs in the 


¢ latter group. Unobtainable responses were ab- 


normal but are not reflected in the mean (solid 
line) or the standard deviation (dashed line). 
Some markedly prolonged values in the MS 
group are not included on the graph (arrow). 


test measured response was used for data 
analysis. In all subjects, peroneal nerve stim- 
ulation was necessary both to evaluate the 
integrity of the peripheral nerve and to mea- 
sure peripheral latencies (M- and F-wave la- 
tencies) to the compound muscle action po- 
tential in the anterior tibial muscle. The M- 
and F-wave latencies and the MEP latencies 
were measured to the nearest 0.1 ms, and the 
baseline peak amplitude was measured to the 
nearest 0,1 mV. 

The CMCTs were calculated using an indi- 
rect method of measuring peripheral contri- 
bution.to the MEP latency using the formula 

(F +M-1)/2. This was subtracted from the 
¿MEP latency to yield the CMCT. This meth- 
‘od for obtaining F-wave latencies with pe- 
ripheral magnetic stimulation has been de- 
seribed elsewhere.’ Magnetic stimulation 
was used instead of conventional electrical 
stimulation because no significant differ- 
ences were found between the two methods 
in several normal subjects. Using the MC for 
both peripheral and cortical stimulation 
made the procedure less time-consuming to 
perform and more comfortable for the 
subjects. 

If the F wave was atypical, the latency 
obtained with direct stimulation of the lum- 
„par roots were used to measure peripheral 
V conduction and to calculate the CMCT to con- 
firm the-reliability of the F-wave measure- 
ment. This was accomplished with the coil 
held tangentially at the midline over the L4-5 
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Table 1.—Comparison of Motor Evoked Potential (MEP) and Somatosensory Evoked 


Potential (SEP) in the Lower Extremities 
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interspace. The latencies of the recorded re- 
sponses to lumbar stimulation remained con- 
stant, with minor variations in coil position. 
Lumbar stimulation gave a consistently 
shorter measure of the peripheral compo- 
nent of the MEP latency than that obtained 
using F-wave latencies, resulting in a pro- 
portionately longer calculated CMCT. These 
findings were consistent with results from 
previous work in our laboratory and 
others. ”” 


Data Analysis 


The criteria for MEP abnormalities in the 
patient population consisted of the absence of 
an MEP response at rest or with dorsiflex- 
ion, prolongation of the MEP latency, or 
CMCT greater than 2.5 SD above the mean 
values derived from the control subjects. The 
MEP amplitude was not used as a criterion in 
the evaluation of the patients because of the 
large intertrial variability of this parameter 
in previous studies.” The SEP abnormalities 
were assessed using the amplitude and laten- 
ey criteria established by the American Elec- 
troencephalographic Society. “ 

Statistical correlations between MEP and 
SEP findings and clinical neurologic signs 
were made using a x° test. The Kurtzke scale 
subscores for pyramidal function (weakness) 
and spasticity, and the Scripps subscores for 
motor strength, deep tendon reflexes, and 
Babinski’s sign, were correlated with CMCT 
using Spearman's rank correlation co- 
efficients. 


RESULTS 


Magnetic coil stimulation was well 
tolerated by both control subjects and 
patients. No untoward side effects were 
encountered in patients or volunteers to 
MC stimulation of the head or limbs. 
None of the subjects with MS have de- 
veloped seizures since being stimulat- 
ed. Reproducible MEPs from the ante- 
rior tibial muscle were obtainable in all 
normal subjects in both the relaxed and 
facilitated states. Although some inves- 
tigators report occasional absence of 
resting MEPs in the lower extremities 
with MC stimulation, we believe that 
this is attributable to differences in MC 
equipment and technique.” Other in- 
vestigators using similar equipment 
and technique have had similar suc- 
cess.” The control group data yielded a 
mean MEP latency of 30.6 ms (range, 
6.7 to 35.2 ms; SD +2.2 ms). The mean 
CMCT measured with F waves had a 
value of 13.8 ms (range, 9.7 to 18.0 ms; 
SD+1.9 ms). The mean CMCT mea- 
sured with lumbar stimulation had a val- 


Total Bilaterally Bilaterally Unitaterally 
No. Normal Abnormal Abnormal 
4 18 3 
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ue of 16.2 ms (range, 12.6 to 19.3 ms; 
SD+1.7 ms). These measurements 
showed considerable reliability and 
stability.” 

In seven of the 25 patients with MS 
who were studied, the MEP responses 
were not obtainable in either limb. In 
two patients, MEP responses could be 
obtained in only one limb, In the 18 pa- 
tients with MS in whom MEPs were 
recorded, the mean MEP latency was 
49.6 ms (SD + 20.7 ms) at rest, and the 
mean CMCT was 33.7 ms (SD +22.5 
ms). Some values were markedly pro- 
longed (Fig 1), For each patient, the 
resting MEP response was used to cal- 
culate the CMCT. Thus, the MEP was 
abnormal in 21 of the patients with MS 
(84%) in either one limb (4/25) or both 
limbs (17/25). Four patients had normal 
MEPs in both legs. All patients had low- 
er extremity SEPs performed, and 
these compared favorably (y°=27.1; 
P=.0001) with the MEP results (Ta- 
ble). Of the 50 limbs evaluated, 34 (68%) 
demonstrated abnormalities in both 
MEP and SEP studies. In no patient in 
whom the MEP was bilaterally normal 
was a SEP abnormality found. In one 
limb of a patient with MS, the MEP was 
abnormal, while the SEP was normal. 
In four patients (16%), the MEPs and 
the SEPs were bilaterally normal. In no 
patients were peripheral motor or sen- 
sory conduction abnormalities detected 
using these methods. 

In one patient in whom the diagnosis 
of MS had not been initially established, 
an MEP abnormality was detected in 
the right leg in the absence of weakness, 
hyperreflexia, or a Babinski’s sign. The 
MEPs obtained from the arms were nor- 
mal, but the lower extremity SEPs 
were abnormal and correlated with a 
sensory disturbance. Subsequently, the 
visual evoked potentials, cerebrospinal 
fluid IgG index, oligoclonal bands, and 
magnetic resonance imaging studies of 
the brain and spinal cord confirmed the 
diagnosis of MS (Fig 2). This patient 
illustrates how this technique may be 
capable of demonstrating subclinical 
motor dysfunction. 

With regard to the correlation of 
MEP abnormalities and clinical signs, 
the MEP parameters of amplitude, la- 
tency, and CMCT were assessed. The 
variability of the amplitudes of the re- 
sponses, even in normal subjects, made 
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Fig.2.—A 34-year-old woman presented with 
paresthesias of hands and feet. Results of 
motor, cranial nerve, and cerebellar examina- 
tions were normal. Sensory examination re- 
vealed decreased vibration sense in the right 
and. left feet. The deep tendon reflexes were 
‘brisk-and symmetrical with flexor plantar re- 
sponses. The cerebrospinal fluid had oligo- 
Clonal banding (IgG%, 23; IgG index, 1.0). 
Median nerve somatosensory evoked poten- 
tials were normal, but the right posttibial soma- 
tosenosory evoked potential showed a delayed 
P38 component. Top, Motor evoked potentials 
(MEPs) were performed on upper and lower 
extremities. Stimulation was applied at the mo- 
tor cortex (MC) with recording at the abductor 
policis brevis (APB) and anterior tibial (AT) 
muscles. Upper extremity MEPs were normal. 
Lower extremity MEPs were normal on the left 
and delayed on the right (arrow) with a pro- 
longed central motor conduction time (CMCT). 
The CMCT was calculated using M- and F- 
wave latencies obtained in recordings from 
“stimulation at the fibular head (FH). Bottom left, 
Axial, first-echo, T,-weighted magnetic reso- 
‘nance image of the brain shows multiple white 
matter lesions in the parietal and occipital 
tegions with sparing of the cerebral motor 
pathways. Bottom right, An enhanced T,- 
weighted sagittal magnetic resonance image of 
the thoracic spine demonstrated a high-signal 
lesion at the T-6 level of the spinal cord (arrow) 
consistent with an acute multiple sclerosis 
plaque. 


it difficult to correlate amplitude with 
either CMCT or degree of disability. 
Others have found this same problem 
when looking at the lower extremity.” 
Using a x’ test, the presence or absence 
of an MEP abnormality correlated rath- 
er poorly with the classic pyramidal 
tract signs of motor weakness, spastic- 
ity, and hyperreflexia. However, with 
this statistical test, the CMCT slowing 
correlated significantly with the plantar 
response (y* = 7.6; P= .01). 

To compare MEP data (CMCT) with 
nonparametric ordinal rating scales 
(Seripps and Kurtzke), we utilized the 
Spearman rank correlation coefficient. 
This was optimized by selecting the mo- 
tor subscores for the lower extremities 
(Table 2). The Scripps scale yielded sig- 
nificant correlations when the CMCT 
was compared with motor weakness, 
deep tendon reflexes, and plantar re- 
sponse. No correlation was found with 
the Kurtzke subscores. The Kurtzke 
subscores for pyramidal signs (weak- 
ness) and spasticity do not allow for 
analysis of the legs alone or of the indi- 
vidual extremities. This probably ac- 
counts for much of the lack of correlation 
between these scores and the CMCT. 
Attempts at simple correlation between 

global neurologic deficits using either 

the total Scripps Neurological Rating 
Seale score or the Kurtzke Extended 
Disability Status Seale score did not 
réach statistical significance (Fig 3). 


Arch Neurol—Voi 48, September 1991 








COMMENT 


Our observation of a high incidence of 
MEP abnormalities in MS (84% of pa- 
tients with definite MS) is similar to the 
results of lower extremity SEP stud- 
ies.” Quantifying the incidence of ab- 
normality is a necessary step in estab- 
lishing the clinical accessibility of the 
involved central motor pathways to 
study using this new electrophysiologi- 
cal technique. The use of MC stimula- 
tion for both peripheral and central 
stimulation is an innovation that we 
have made in our technique. Although 
some controversy exists regarding the 
clinical applicability of MC stimulation 
of peripheral nerves in routine electro- 
myographic studies,” in our laborato- 
ry no significant differences have been 
observed between magnetic and electri- 
cal stimulation of peripheral nerves for 
purposes of determining the latency of 
M or F waves. Also, the F-wave tech- 
nique gives a consistently shorter and 
more accurate measurement of CMCT 
than does lumbar stimulation. This is 
because in lumbar stimulation the nerve 
roots are stimulated; therefore, conduc- 
tion through the more proximal roots to 
the alpha motoneurons is not part of the 
measurement of peripheral conduction 
times." Additionally, this technique 
afforded ease of recording and less pa- 
tient discomfort than did conventional 
electrical stimulation. 

Our incidence of MEP abnormalities 
is slightly higher than that found in pre- 
vious MS studies in which the responses 
obtained in distal muscles of the upper 
extremities were examined. We believe 
that this may be attributable to several 
factors. The parasagittal location of the 
leg on the mesial frontal motor cortex 
makes it less accessible to MC stimula- 
tion. Additionally, the number of pyra- 
midal tract fibers reaching the lumbosa- 
cral segments of the spinal cord is 
relatively small compared with the cer- 
vical region supplying arm muscles.”"* 
These anatomical facts may have result- 
ed in a higher percentage of absent re- 
sponses. However, the most likely rea- 
son for the increased percentage of 
abnormalities is that by recording from 
the lower extremity the efferent motor 
volley must traverse a longer pathway 
through the brain and spinal cord. 
Therefore, it is more likely to encounter 
a demyelinated region, resulting in an 
abnormal MEP. Small demyelinating 
lesions in the pyramidal tract have been 
suspected to be a frequent early clinical 
sign of MS." 

The typical MEP abnormalities that 
we found were the same as those found 
by others who studied the upper ex- 
tremities, ie, prolongation of latency or 
an absent response. ™” The delay in the 








Table 2.—Correlation of Neurologic 
Scales and Central Motor Conduction 
Time* 
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Fig 3.—Linear regression graphs comparing 
values for central motor conduction times 
(CMCTs) with the overall scores for the Scripps 
(upper graph) and Kurtzke scales (lower graph) 
for rating the neurologic examination in patients 
with multiple sclerosis. Note that a lower 
Scripps score and a higher Kurtzke score 
indicate greater disability. Some normal CMCT 
values were found in patients with Scripps and 
Kurtzke scores reflecting severe disability. This 
happened in cases in which the disability was 
caused by nonpyramidal lesions. The regres- 
sion lines show a definite trend; however, these 
did not reach statistical significance. The 
dashed line shows the upper range of normal 
(mean+2.5 SD) for CMCT from the control 
data. 


CMCT measurements of our patients 
with MS is entirely consistent with the 
type and degree of electrophysiological 
abnormality in MS, ie, central demy- 
elination. This probably arises as a re- 
sult of conduction block of the cortico- 
spinal fibers, selective fiber loss in this 
pathway with utilization of other multi- 
synaptic motor pathways, or the failure 
of high-frequency conduction responsi- 
ble for the temporal summation of exci- 
tory postsynaptic potentials at the level 
of the lumbar spinal motoneuron.” The 
abnormalities of the MEP in the lower 
extremities of patients is not specific to 
MS or to demyelinating disease. In our 
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laboratory and others, similar abnor- 
malities have been revealed by MEPs in 
patients with cerebral and spinal cord 
dysfunction of other cause, including 
stroke, trauma, and degenerative 
disorders.°""* 

The correlations between the clinical 
signs and neurologic rating scales need 
clarification. Like other evoked poten- 
tial studies, MEPs are capable of dem- 
onstrating subclinical lesions of the 
brain and spinal cord. The presence of 
MEP-detected but clinically silent le- 
sions and severe disability secondary to 
nonpyramidal tract lesions, ie, coordi- 
nation, vision, and bowel or bladder in- 
volvement, reduced correlation be- 
tween the CMCT and the overall 
Scripps and Kurtzke seores. This latter 
problem was eliminated by using the 
Scripps and Kurtzke subscores for signs 
reflecting only the involvement of the 
pyramidal tract. The Scripps scale 
showed certain advantages over the 
Kurtzke scale in that individual lower 
extremity ratings could be subscored to 
yield better correlation. It is notable 
that among the classic pyramidal tract 
signs, the Babinski sign correlated best 
with MEP abnormalities. Neverthe- 
less, motor weakness and hyperreflexia 
correlated with CMCT when the indi- 
vidual lower extremities were consid- 
ered separately. These observations 
suggest that quantitative assessment of 
motor deficits may be obtained in pa- 
tients with MS. This may overcome 
some of the shortcomings of the more 
global neurologic rating scales and mea- 
surements of motor strength.” Mea- 
surements obtained in transcranial MC 
stimulations and MEPs may provide 
data that are more amenable to statisti- 
cal analysis with which to determine 
clinical changes in the course of disease 
or following therapy.*” 

In summary, MEP abnormalities 
may be found with a high incidence in 
patients with definite MS. These abnor- 
malities include absence and delays of 
the MEP and prolongation of the 
CMCT. These may occur in the absence 
of clinical signs of motor dysfunction. 
The MEP abnormalities correlated with 
the SEP abnormalities in the legs. The 
CMCT abnormalities clinically correlat- 
ed best with pyramidal tract signs. 
Global neurologic rating scales also 
show a trend toward correlating with 
MEP abnormality in the more neuro- 
logically disabled patients with MS. 
Thus, MEPs in the lower extremity ap- 
pear to be a valuable procedure in the 
diagnosis and evaluation of motor defi- 
cits in patients with MS. Studies of pa- 
tients with MS who lack clinical signs of 
motor involvement will determine 
whether MEPs in the lower extremities 
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will be as useful as other evoked poten- 
tials in detecting subclinical effects of 
demyelination in the central nervous 
system. 
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Frontal Verbal Amnesia 


Phonological Amnesia 


è Although aphasic patients with frontal 
lobe damage may demonstrate impaired re- 
tention of verbal material, significant antero- 
grade memory disturbances have not, to our 
knowledge, been reported with a minor Bro- 
ca’s aphasia. We describe a patient with mi- 
nor Broca's aphasia who exhibited an unusu- 
al and profound anterograde memory 
disturbance, especially for phonologically 
specified stimuli. We suggest that this distur- 
bance is attributable to an impairment in the 
volitional, controlied search of stored pho- 
nological information. 

(Arch Neurol. 1991 ;48:949-955) 


A number of investigators have dem- 

onstrated that anterior aphasia 
may be associated with impaired reten- 
tion of verbal material.” Cermak and 
Moreines,‘ for example, reported that 
patients with nonfluent aphasia were 


- impaired on a phonological memory task 


involving the detection of rhymes; they 
proposed that anterior aphasia induced 
a defect of “phonemic recirculation.” 
More recently, Cermak and coworkers’ 
have further suggested that the memo- 
ry deficits of anterior aphasics may be 
related to an inability to compare phono- 
logical items already in memory and dif- 
ficulty in “reconstructing” items based 
on phonological features. 

Broca’s aphasia is typically associated 
with lesions involving Broca’s area as 
well as portions of the anterior perisyl- 
vian region, including the sensory mo- 
tor cortex, insula, and anterior parietal 
operculum." Smaller lesions largely or 
entirely restricted to Broca’s area, how- 
ever, have also been shown to be associ- 
ated with a language disturbance; this 
syndrome, designated minor Broca’s 
aphasia by Foix,” is characterized by a 
combination of difficulties, often includ- 
ing word-finding disturbance, effortful 
articulation, and decreased verbal flu- 
ency, Although sometimes initially se- 
vere, these symptoms are typically 
transient, and persistent, overt lan- 
guage disturbances are uncommon. 
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Although nonaphasic patients with 
left frontal lobe lesions may have lexical 
retrieval impairments, as evidenced by 
their poor performance on controlled 
word association tasks,*’ to our knowl- 
edge significant anterograde memory 
disturbances have not been reported 
with a minor Broca’s aphasia. We de- 
scribe a patient with minor Broca’s 
aphasia subsequent to an ischemic in- 
farction involving Broca’s area and 
small portions of the inferior and middle 
frontal gyri who exhibited an unusual 
and profound anterograde memory dis- 
turbance; we suggest that this distur- 
bance is attributable to an impairment 
in the volitional, controlled search of 
stored phonological information. 


REPORT OF A CASE 


The patient was a right-handed 59-year- 
old man who was admitted for evaluation of a 
memory impairment. He had been in excel- 
lent health until 3 years prior to admission 
when, | week after a transient episode of left- 
eye blindness, he noted the sudden onset of 
difficulty in speaking and weakness of the 
right side of his body. Neurologic evaluation 
at that time revealed a mild right hemipare- 
sis, a nonfluent aphasia with mildly impaired 
auditory comprehension, and a Gerstmann’s 
syndrome. The auditory comprehension im- 
pairment and Gerstmann’s syndrome re- 
solved within several days. Unfortunately, 
no additional information about the patient's 
initial language impairment is available. 

Although family members noted no im- 
pairment in his speech after the stroke, the 
patient considered himself to be appreciably 
less articulate because he had difficulty in 
finding the appropriate word and in “getting 
words out.” 

In the estimation of the patient and his 
family, however, his subtle speech impair- 
ment paled in significance relative to the se- 
vere and disabling memory deficit noted sub- 
sequent to his stroke. Although he believed 
his memory for faces, pictures, and places to 
be relatively unimpaired, he stated that his 
memory for names and verbal material, 
whether written or spoken, was quite poor. 
As a consequence of his memory deficit, he 
was unable to return to his job as a loan 
officer for a finance company; he worked 
briefly as a prison officer before his memory 
disturbance forced him to retire. 

Neurologic examination 3 years after the 
stroke revealed a mild spastic weakness and 
clumsiness of the right hand. Evaluation of 
the patient’s higher nervous system func- 
tions revealed that his spontaneous speech, 
although marked by oceasional word-finding 
pauses, was fluent, with normal prosody and 





articulation. His discourse contained a nor- 
mal range of syntactic structures. Naming, 
although occasionally hesitant, was normal. 
Repetition of words, phrases, and sentences 
was excellent; sentences of up to 12 words, as 
well as sentences with unusual syntactic 
structures, such as center-embedded 
clauses, were repeated perfectly. Auditory 
comprehension was unimpaired. The patient 
read aloud and for comprehension quite well. 
No effect of orthographic regularity, part of 
speech, or imagery was noted in his reading. 
His writing was normal. Calculations, right- 
left discrimination, and finger naming were 
normal. No buecofacial or limb apraxia was 
noted. There was no neglect. He was able to 
draw a cube, as well as maps of the United 
States. 

A computed tomographic sean performed 
3 years after the patient’s stroke revealed an 
old area of infaretion involving Broca’s areas, 
as well as more rostral portions of the inferior 
frontal gyrus. Additionally, small portions of 
the precentral and middle frontal gyri were 
also infareted (Figs 1 and 2). 


NEUROPSYCHOLOGICAL EVALUATION 
Intellectual 


On the Weschler Adult Intelligence 
Scale, the patient obtained a verbal in- 
telligence quotient (IQ) of 93, a perfor- 
mance IQ of 88, and a full-scale IQ of 91. 
His performance IQ was thought to 
have been adversely influenced by his 
right-hand clumsiness. The Peabody 
Picture Vocabulary Test” yielded a ver- 
bal IQ estimate of 103. 


Language 


A number of formal tests were admin- 
istered for more careful assessment of 
the patient’s language capacities. His 
performance on the Western Aphasia 
Battery” and selected portions of the 
Boston Diagnostic Aphasia Examina- 
tion,” including the reading, repetition, 
and writing subtests, was essentially 
perfect. For further assessment of the 
patient’s auditory comprehension, the 
Token Test“was administered; the pa- 
tient made one mistake on subtest VI, 
but otherwise his performance was per- 
feet. He performed normally on the Bos- 
ton Naming Test”; the Florida Syntax 
Comprehension Test,” in which correct 
performance is critically dependent on 
comprehesion of the distinction be- 
tween indirect and direct objects; and 
the Battery of Adult Reading Fune- 
tion,” a test that assesses reading com- 
prehension and the reading aloud of reg- 
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Fig 1.—A low ventricular computed tomo- 
graphic scan image demonstrating an infarct 
involving the inferior frontal gyrus. 


ular and irregular nouns, functors, and 
nonwords. The Story Completion Test” 
was also administered; with a single ex- 
ception, the patient generated a re- 
sponse of the desired syntactic form. 


Frontal Lobe Tasks 


Several cognitive tasks sensitive to 
frontal lobe functioning were adminis- 
tered. The patient performed poorly on 
the Wisconsin Card Sorting Test"; he 
failed to detect the correct sorting prin- 
ciple after 35 trials. Approximately 20% 
of his errors were random guesses and 
50% were perseverative errors. The pa- 
tient was also impaired on the color- 
naming and interference subtests of the 
Stroop Interference Task.” He re- 
quired 88 seconds to name color patches 
(1.5 SDs below the mean) and 288 sec- 
onds to complete the interference task 
(2 SDs below the mean). The patient 
demonstrated no perseveration in Lur- 
ia’s “mn” writing task but performed 
quite poorly on the “go-no go” and con- 
trasting motor programs task.” 


Attention and Memory 


Digit span was assessed on a number 
of occasions. The patient correctly re- 
peated 100% of orally presented five- 
digit lists and 60% of six-digit strings. 
Seventy-one percent of the errors were 
sequencing errors, and 29% of the er- 
rors were due to the omission of a single 
item. With visual presentation of single- 
digit written numbers at the rate of ap- 
proximately one number per second, 
the patient’s performance was quite 
similar. Administration of the Wechsler 
Memory Scale” revealed the patient to 
a mémory quotient of 71 (Table 1). 
story recall of the logical memory 
ries from the Wechsler Memory 
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Fig 2.—A high ventricular computed tomo- 
graphic scan image demonstrating an infarct 
involving the inferior frontal gyrus and small 
portions of the middle frontal gyrus. 


Seale was six initially (average normal, 
10) and four after a 20-minute delay (av- 
erage normal, eight). His paired-asso- 
ciate learning was similarly impaired on 
word-list learning tasks, both with audi- 
tory and visual presentation. On the 
Rey Auditory Verbal Learning Test,” 
for example, he recalled no more than 
six of the 15 words across any of five 
learning trials, and his delayed 20-min- 
ute recall was three. Similar results 
were obtained with visual presentation. 
His memory performance fell more than 
2 SDs below the mean of age-matched 
controls. 

The patient's performance on the Rey 
Auditory Verbal Learning Test also 
provided an opportunity for assessment 
of the effects of recency and primacy in 
supraspan list learning. On the first five 
trials on both the auditory and visual 
versions of the Rey Auditory Verbal 
Learning Test, the patient correctly 
produced 90% of the 20 items presented 
in the last two positions. Additionally, 
the effects of recency and primacy were 
evaluated by calculation of the percent- 
age of words reported as a function of 
position in the list; in the first five trials 
on the auditory and visual versions of 
the test, the patient correctly reported 
20% of the words from the first third, 
16% of the words from the middle third, 
and 72% of the words from the last third 
of the list. Thus, the patient exhibited a 
clear effect of recency but no clear effect 
of primacy. 

In contrast, the patient performed 
much better on nonverbal recent memo- 
ry tasks such as the Milner Facial Rec- 
ognition Test” and Kimura’s Recurring 
Figures Test.” He correctly identified 
nine of the 12 target faces and obtaineda 
score of 44 on the latter task; his perfor- 


Table 1.—Wechsier Memory Scale 
(Form I) 
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mance was in the normal range on both 
tasks. 

Thus, the patient performed normal- 
ly on a wide range of language tasks and 
exhibited a normal verbal IQ. In spite of 


his at least relatively normal language ~ 


skills, however, he has a marked verbal 
memory deficit with sparing of nonver- 
bal memory. The following investiga- 
tions were performed to further charac- 
terize the patients memory im- 
pairment. 

Rate of Forgetting.—As perfor- 
mance on tests assessing the rate of for- 
getting has been demonstrated to dis- 
tinguish between amnestic syndromes 
caused by bitemporal vs diencephalic 
damage,” the patient’s rate of forget- 
ting was assessed in a manner similar to 
that described by Huppert and Piercy.” 
One hundred target stimuli (pictures) 
were individually projected on a screen 
for a period of 8 seconds each. At inter- 
vals of 10 minutes, 20 minutes, 90 min- 
utes, 24 hours, and 1 week after this 
presentation, different random subsets 
of 20 pictures from the original sample 
and 20 new pictures were projected, and 
the patient was asked to indicate wheth- 
er each picture was from the original list 
of stimuli. Five age- and education- 
matched controls were tested in a simi- 
lar fashion, except that stimuli were 
presented for 1 second each. Although 
the difference in exposure times ren- 
ders a comparison with control subjects 
difficult, it is apparent from examina- 
tion of Fig 3 that the patient’s perfor- 
mance was quite similar to that of five 
age- and education-matched controls, 
falling within 1 SD of their performance 
at every test interval. 

The patient’s rate of forgetting for 
verbal stimuli was also assessed in the 
manner described above. Stimuli for 
this experiment included 100 slides de- 
picting a single typed word. The target 
words were presented for 8 seconds 
each, and the patient’s recognition was 
assessed in the manner described 
above. The patient correctly sorted only 
57% of the stimuli at both 10 and 20 
minutes; as his performance was not 
above the chance level Q? = 1.63; P>.1), 
this investigation was discontinued af- 
ter the second session. Errors included 
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an almost equal number of false-posi- 
tives and false-negatives. With a 1-sec- 
ond stimulus exposure, controls cor- 
rectly identified 81% and 75% of stimuli 
at 10 and 20 minutes, respectively, and 
remained well above chance (67% cor- 
= veet) after 1 week (Fig 4). 
> Thus, the patients rate of forgetting 
was essentially normal for “nonverbal” 
material; his rate of forgetting for ver- 
bal material could not be assessed, as we 
could not demonstrate evidence of ade- 
quate initial performance. 

Effect of Interference. —A Peterson 
and Peterson” task adapted from But- 
ters and Grady” was given to assess the 
effects of interference on the patient's 
verbal memory performance. On each 
trial, three semantically and phonologi- 
eally unrelated monosyllabic or bisylla- 
bic words were auditorally presented to 
the patient at the rate of approximately 
one word per second. Five trials were 
presented in each of four conditions: 
(1) immediate recall, in which there was 
no delay between stimulus presentation 
and production; (2) a 20-second unfilled 
delay between stimulus presentation 
and production, during which the pa- 
tient was permitted to rehearse; (3) a 
20-second filled delay, during which the 

` patient was asked to count backward by 
twos before recalling the stimuli; and 
(4) a 4-second unfilled interval, during 
which the patient was encouraged to 
rehearse, followed by a 16-second peri- 
od, during which the patient was asked 
to count backward by twos. In the im- 
mediate recall and 20-second unfilled 
delay conditions, the patient correctly 
produced all 15 of the target words; with 
a20-second filled delay, the patient pro- 
duced only two (13%) of 15 words; with a 
4-second predistractor delay, followed 
by a 16-second filled delay, he produced 
nine (60%) of 15 words (Fig 5). On the 
latter two conditions, errors included 
16 omissions and two intrusions. No se- 
mantic errors were noted. The patients 
performance was quite similar with vi- 
sual presentation of the stimuli. He 
made no errors in the immediate recall 
and unfilled delay conditions, and he 
correctly produced six (40%) of 15 stim- 
uli with a 20-second filled delay and pro- 
duced eight (63%) of 15 stimuli with a 
4-second predistractor period and a 
16-second delay and distraction. Errors 
included three intrusions and 13 omis- 
sions. 

These data suggest that the patient is 
quite sensitive to the effects of interfer- 
ence or, alternatively expressed, de- 
pendent on continued rehearsal. In con- 

_ junction with the demonstration that 
_ the patient exhibited a relatively nor- 
-mal recency effect, these data suggest 
_ that rehearsal within the articulatory 
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% Correct 


Fig 3.—Performance of the patient and controls, expressed as percentage correct, on a test 
assessing the rate of forgetting of pictures. 


% Correct 


Fig 4.—Similar to Fig 3 except that stimuli were words rather than pictures, NA indicates not 
applicable. 
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Fig 5.--Percentage correct on a Peterson-Peterson memory task with auditory stimuli. 
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Fig 6.—The performance of the patient and controls, expressed as percentage correct, on a 


release from proactive inhibition task. 


loop is not impaired. 

Release from Proactive Inhibi- 
tion. —In an attempt to assess the pos- 
sible role of impaired semantic/concep- 
tual encoding in the production of the 
patient’s memory deficit, a release- 
from-proactive-inhibition task similar 
to that of Cermak et al’ was adminis- 
tered. This task was derived from Wick- 
ens” modification of the Peterson and 
Peterson” distraction technique, in 
which subjects were given several con- 
secutive trials of word stimuli, all of 
which belonged to the same semantic 
category (eg, fruits). This was followed 
by atrial in which the word stimuli were 
exemplars of a different category (eg, 
vegetables). As previously document- 
ed, memory performance in normal sub- 
jects deteriorates over trials, because of 
the buildup of proactive interference. 
Wickens” demonstrated, however, a 
dramatic improvement in memory per- 
formance on trials when the stimuli 
came from a different semantic catego- 
ry. This improvement presumably 
stemmed from a release of proactive in- 
terference that occurred because sub- 
jects had noted the change or shift in the 
semantic category of the stimulus 
words. The underlying assumption is 
that stimuli must be semantically en- 
coded for the release effect to occur. 

To assess release from proactive in- 
terference, the patient and controls 
were tested on a Peterson and Peter- 
son” distraction task involving eight 
blocks of five trials. Stimuli for each 
‘trial consisted of three semantically re- 
lated concrete nouns (eg, pear, apple, 
and grape) read aloud to the patient. 
After a 20-second delay filled with 
counting backward by twos, the patient 
was asked to produce the three target 
words, There were two conditions. In 
the no-shift condition, all five trials of 
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the block consisted of word stimuli from 
the same semantic category (eg, fruit). 
In the category shift condition, word 
stimuli on trial 5 were from a different 
semantic category (eg, vegetables) than 
the preceding four trials of the block. 
Category shift and no-shift conditions 
were randomized, with 5-minute rest 
intervals between each block. The per- 
formance of the patient and normal con- 
trols across trials 1 through 5 of the 
categoryshift and no-shift conditions is 
shown in Fig 6. For both the patient and 
the controls, there was a progressive 
decline in performance across trials 
1 through 4 of both conditions, with the 
patient exhibiting a greater decrement, 
which presumably reflects a greater 
susceptibility to interference. The pa- 
tient, like amnesic patients with Korsa- 
koff’s psychosis,’ exhibited no “release” 
effect. For controls, in contrast, the 
change in semantic class on trial 5 of the 
category shift condition was associated 
with a significant increase in recall as 
compared with the no-shift condition 
(x = 4.91; df= 1; P<.05). 

The interpretation of this finding, 
however, is unclear. Some investiga- 
tors have argued that the finding in- 
dicates that the patients were not en- 
coding in semantic categories. Alterna- 
tively, on the basis of a comparison of 
the performance of patients with frontal 
or temporal lobectomy on a release- 
from-proactive-inhibition task, Mosco- 
vitch” has argued that the phenomenon 
is more appropriately associated with 
frontal impairment than with memory 
loss.” Because our patient was impaired 
on tests of frontal lobe function as well 
as memory, the explanation for his fail- 
ure to manifest the release phenomenon 
is not clear. 

Memory for Phonology. — Levels of 
Processing. — Perhaps the most strik- 
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Fig 7.~—Performance, expressed as percent- 
age correct, of the patient and controls on a 
level of processing task with written stimuli. 


ing aspect of the patient's verbal memo- 


ry deficit was a marked discrepancy be- © 


tween performance on tasks requiring 
registration and/or retrieval of phono- 
logically, compared with semantically, 
specified items. This phenomenon was 
first noted on a task employing the “lev- 
els of processing” paradigm.” This ex- 
periment was motivated by a conceptu- 
al framework suggesting that the 
adequacy of memory registration is a 
function of the depth of analysis or the 
degree to which the stimulus is semanti- 
cally processed. 

Stimuli for this task included 36 tar- 
get words printed on a 4 x 6-in card; half 
of the words were printed in uppercase 
and half in lowercase letters. Stimuli 
were shown to the patient for approxi- 
mately 5 seconds each; immediately af- 
ter the presentation of each stimulus, 
the patient was asked one of three types 
of orienting questions: (1) one third of 
the stimuli were accompanied by ortho- 
graphic orienting questions (eg, “Is this 
word written in uppercase letters?”); 
(2) one third were accompanied by pho- 
nological orienting questions (eg, “Does 
this word rhyme with fear?”); and 
(3) one third were accompanied by se- 
mantic orienting questions (eg, “Is this 
a type of fruit?”). Ten minutes later, a 
recognition memory task was adminis- 
tered in which thirty-six 4 x 6-in cards, 
each containing one of the stimuli and 
three phonologically and semantically 
unrelated foils, were presented. The pa- 
tient was asked to indicate which of the 
four words had been previously 
presented. 

As depicted in Fig 7, the patient cor- 
rectly identified 87% of the words intro- 
duced with a semantic orienting ques- 
tion, 87% of the words introduced with 
an orthographic orienting question, but 
only 25% of the words introduced with a 
phonological orienting question. In con- 
trast, five age- and education-matched 


controls showed the expected pattern, 


correctly identifying 91% of the seman- 
tically, 75% of the phonologically, and 
67% of the orthographically cued words. 
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Fig 8.—Number of rhyming and semantically related paired associates recalled by the patient with 


auditory and written stimuli. 


The patient’s selective memory deficit 
for phonologically cued stimuli could not 
be attributed to an inability to make 
rhyme judgments, in that he was 100% 
accurate when answering rhyme orient- 
ing questions. 

An auditory version of the levels of 
processing task was also performed. On 
this task, the orthographic orienting 
question was eliminated, and the pa- 
tient was asked to indicate if the words 
were spoken in a male or female voice. 
The patient correctly identified 93% of 
the words presented with a semantic 
orienting question, 75% of the words 
introduced with a male/female voice ori- 
enting question, but only 25% of the 
words introduced with a phonological 
orienting question. Controls correctly 
identified 91%, 75%, and 67% of stimuli 
introduced with semantic, phonological, 
and voice orienting questions. 

Rhyming Paired-Associate Tasks. — 
The patients apparent deficit in memo- 
ry for phonologically encoded and/or re- 
tvieved information was also assessed 
using two list-learning tasks adapted 
from Warrington and Weiskranz.™ 
Stimuli for one task included 12 pairs of 
semantically related words (eg, “ask” 
and “inquire”); stimuli for the second 
task included 12 pairs of rhyming words 
(eg, “chair” and “bear”). The word pairs 
from each list were read to the patient at 
the rate of one word per second. After 
presentation of the paired-associate 
list, the patient was given the first word 
of the pair and asked to produce its asso- 
ciate. This procedure was repeated for a 


‘total of four trials for each of the two 


lists. Delayed recall of the word pairs 
was tested after a 30-minute delay. The 
semantically and phonologically related 
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word pairs were presented in different 
sessions. Both visual and auditory ver- 
sions of these lists were given. 

The patients performance with writ- 
ten and auditory stimuli presentation is 
presented in Fig 8. He performed better 
with semantically related stimuli on 
each trial with both written and audi- 
tory stimuli. With written stimuli, this 
difference reached significance on trials 
2, 3, and 4 (y"=6.3, 8.7, 12.0, respec- 
tively; all P<.01). With auditory stimu- 
li, he performed significantly better 
with semantically related pairs on trials 
3 and 4 (x°=10.7and 8.2, respectively; 
both P<.05). Summing across the five 
trials, the patient performed signifi- 
cantly better with semantic, as com- 
pared with rhyming, paired associates 
with both written (x° = 30.0; P<.01) and 
auditory (x°=17.7; P<.01) stimuli. 
Age- and education-matched controls 
demonstrated no significant difference 
between rhyming and semantically as- 
sociated words on individual trials but 
did demonstrate a slight but consistent 
superiority with semantic paired asso- 
ciates which, summing over all five tri- 
als, was significant (x° = 5.6; P<.05). 

Fluency Tasks.—The effect of pho- 
nological factors on retrieval of informa- 
tion from remote or long-term memory 
was assessed by a number of variants of 
the Thurstone Word Fluency Test” (Ta- 
ble 2). In one investigation, the patient’s 
ability to generate words beginning 
with a designated letter was compared 
with his ability to generate words de- 
fined on the basis of semantic attri- 
butes. In the former task, the patient 
was instructed to generate in 1 minute 
as many words as possible that begin 
with the letter f similar 1-minute trials 





Table 2.—Fiuency Tasks 


Patient Controls 
















Semantic categories 
Rhyming words 2.0 8.4 
Nonverbal (figures) 16.0 kä 





were performed in which he was asked 
to generate words beginning with a and 
s. Data were collected for each of the 
three letters during five separate ses- 
sions. The patient was also instructed to 


generate in 1 minute as many exemplars 


as possible of a specified semantic cate- 
gory. Eight semantic categories were 
tested on each of two oceasions. 

As indicated in Table 2, the patients 
average score for the letters f a, and s 
was 2.4, 2.0, and 2.6 words per minute, 
respectively; thus, his average across 
all three letters was 2.3 words per min- 
ute. Performance with semantically de- 
fined categories was substantially bet- 
ter, as he generated an average of 12.3 
items per minute, witha range of 6 to 18. 

On another occasion, a word was pro- 
vided, and the patient was asked to gen- 
erate as many rhyming words as possi- 
ble in 1 minute. A total of five words 
were presented. He produced an aver- 
age of 2.0 rhyming words per minute; he 
did not produce nonrhyming words. ° 
Age- and education-matched controls, 
in contrast, generated an average of 
8.4 words per minute. 

In an effort to demonstrate that the 
diminished fluency reflected a specifi- 
cally verbal impairment, a nonverbal 
analog of the Thurstone Word Fluency 
Test was administered in which the pa- 
tient was asked to create as many differ- 
ent drawings in 4 minutes as possible 
using only four lines.” On two trials he 
created an average of 16 drawings, a 
performance that is within the normal 
range. 


COMMENT 


We have presented data derived from 
a 59-year-old man with a minor Broca’s 
aphasia secondary to a documented left 
dorsolateral frontal lobe infarct who 
demonstrated a severe memory impair- 
ment of a type not previously described, 
to our knowledge. Evaluation of the pa- 
tient’s memory revealed that he was 
sensitive to distraction, did not demon- 
strate the normal release from proac- 
tive inhibition, showed an effect of re- 
cency but not primacy, and, perhaps 
most interestingly, exhibited a marked. 
memory impairment for the encoding 
and/or retrieval of phonologically, com- 
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“pared with semantically, specified 
items. Several issues concerning this 
patient’s performance warrant atten- 
tion. 


The first issue concerns the relation- 


ship between the patient’s language ca- 
pacities and his memory impairment. 
Abundant evidence suggests that both 
fluent and nonfluent aphasias may be 
associated with a verbal memory im- 
pairment. Might the patient’s memory 
deficit be secondary to a subtle language 
deficit? 

A number of specifice mechanisms 
have been proposed to account for the 
impairments of short-term memory en- 
countered in aphasic patients. The im- 
paired verbal short-term memory en- 
countered in a probable Wernicke 
aphasic, for example, has been attribut- 
ed to a failure to generate an adequate 
phonological representation”; the im- 
pairment seen in certain conduction 
aphasics has been attributed to a patho- 
logic reduction in the capacity of the 
short-term store™™; finally, in certain 
Broca’s aphasics, the impairment of 
short-term memory has been attributed 
to failure of repetition, with a resultant 
failure of rehearsal in the putative artic- 
ulatory loop. ®® 

None of these proposed explanations, 
however, can account for the data de- 
rived from our patient. Our patient ex- 
hibited no demonstrable phonological 
impairment on tests of auditory com- 
prehension, phoneme discrimination, 
and rhyme judgment. Additionally, our 
patient had no impairment of repetition 
and, as indicated by his perfect perfor- 
mance on the Peterson and Peterson” 
task with an unfilled delay, was able to 
retain phonologically encoded data, pre- 
sumably by means of rehearsal within 
the articulatory loop. 

Because the patients infarct involves 
Broca’s area, a brain region thought to 
be important in the control of motor 
aspects of speech production, one might 
suggest that the memory deficit reflects 
an impairment at the level of motor pro- 
gramming for speech. There are several 
lines of evidence that make this possibil- 
ity seem unlikely. The patient’s sponta- 
neous speech demonstrates only a mini- 
mal abnormality—oceasional word- 
finding problems—that might be 
attributed to an impairment of the mo- 
tor programmer. Additionally, this hy- 
pothesis provides no principled account 
of the dissociation between the retrieval 
of phonologically, compared with se- 
mantically, guided retrieval. Finally, a 
deficit with phonologically cued stimuli 
was documented on the levels of pro- 
cessing task in which no verbal output 
was necessary. 

A second issue concerns the marked 
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dissociation between the patient’s nor- 
mal phonological processing in natural- 
istic, “automatic” language tasks such 
as spontaneous speech, reading, and 
naming and his marked impairment on 
memory and fluency tasks requiring the 
strategically guided, “controlled” re- 
trieval of phonologically specified 
items. Following Schneider and Shif- 
frin“ and Shiffrin and Schneider”, a con- 
trolled process refers to an attention- 
requiring procedure that may be 
accessed or developed for the comple- 
tion of a novel or unusual task. Tasks 
such as the production of lists of rhym- 
ing words that are not part of normal 
language routines may require a strate- 
gically guided or controlled search of 
lexical phonology. An automatic pro- 
cess, in contrast, is effortless and pro- 
ceeds without active control; the seman- 
tically guided activation of lexical 
phonology that is thought to character- 
ize normal routines involved in speech 
production® and object naming may in- 
volve an automatic process. 

Within this framework, one possible 
explanation for the patient’s deficits is 
an impairment in the controlled search 
of stored information. This hypothesis 
may take at least two forms. First, one 
might propose that the deficit is specific 
to the domain of lexical phonology; in 
this hypothesis, the controlled search of 
lexical semantics is assumed to be nor- 
mal. Because tasks such as the retrieval 
of phonology on the basis of rhyme or 
initial letter are assumed to require con- 
trolled search of phonological informa- 
tion, whereas spontaneous speech, 
naming repetition, and reading are as- 
sumed to be mediated by the relatively 
automatic procedures involved in nor- 
mal speech production, this hypothesis 
can account for the patients 
performance. 

A second explanation is that the pa- 
tient suffers from a general impairment 
in controlled search. On this hypothesis, 
the difference in performance between 
phonologically and semantically speci- 
fied items might reflect differences in 
the amount of effort required for con- 
trolled searches of the semantic and 
phonological stores, which, in turn, may 
reflect discrepancies in the organization 
of these stores; an impaired procedure 
for controlled search may be more effec- 
tive operating within the semantic do- 
main, in which related items may be 
“linked,” compared with phonological 
stores, in which such interrelationships 
are weak or absent. One might expect, 
for example, that the retrieval of animal 
names would be facilitated by the multi- 
plicity of semantic and, perhaps, visual 
attributes that they share; in contrast, 
preexisting linkages between words 


cal lexicon would be expected to be 
weak. 

The hypothesis that the patient’s 
symptoms reflect an impairment in con- 
trolled search of stored information also 
accounts for another interesting aspect 
of his performance: the relatively nor- 
mal recency effect, but the failure to 
demonstrate primacy. Recency effects 
are typically attributed to the mainte- 
nance of phonological information in the 
articulatory loop or phonemic buffer; 
primacy effects, in contrast, are typical- 
ly attributed to the activation of lexical 
information. Thus, the ability to pro- 
duce words from the beginning of a list 
(ie, primacy) may require the controlled 
search of lexical phonology, which, in 
our hypothesis, is assumed to be 
impaired. 

Anatomic studies in monkeys provide 
data consistent with the proposal that 
the patient’s dorsolateral frontal lobe 
infarct is associated with a defect in the 
controlled search of lexical phonology. 
Chavis and Pandya,” for example, dem- 
onstrated that the frontal lobes (includ- 
ing the dorsolateral, medial, and orbito- 
frontal portions) have reciprocal 
connections with the primary auditory 
and auditory association cortex. One 
might speculate that the left dorsolater- 
al frontal lobe plays a critical role in the 
retrieval of lexical phonology by virtue 
of its role in the activation of the audi- 
tory association cortex (including Wer- 
nicke’s area), which may support lexical 
phonology in man. 

An important, but thus far unan- 
swered, question is whether the puta- 
tive deficit in controlled search under- 
lies the patient’s memory impairment. 
Although one might expect a general 
deficit in controlled search of stored in- 
formation to cause a memory impair- 
ment, in the absence of an explicit ac- 
count of the role of phonological factors 
in encoding and retrieval, it is not clear 
whether a specific impairment in the 
retrieval of phonologically specified in- 
formation would cause amnesia. It is 
also possible, of course, that the impair- 
ment in controlled search and memory 
deficit are unrelated but co-occur be- 
cause both processes are dependent on 
structures in the left dorsolateral fron- 
tal lobe. 

An additional issue concerns the im- 
plications of our patient’s performance 
for conceptions regarding the relation- 
ship between the frontal lobe and mem- 
ory. Investigations involving mon- 
keys* and man“ have suggested that 
frontal lobe damage may be associated 
with specific memory impairments. 
Other researchers, however, have ar- 
gued that the apparent memory failure 
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sharing an initial letter in the phonologi- 4 









observed with frontal lobe damage does 
not represent a specific impairment of 
encoding or retrieval but a disruption of 
more complex forms of human behav- 
ior.’ Luria,” for example, argued that 
patients with frontal lobe damage are 
unable to maintain a stable intention to 
remember and are plagued by “patho- 
logic inertia” and “high distractibility.” 
In a similar vein, Warrington and 
Weiskranz” proposed that the frontal 
lobes play a critical role in the cognitive 
mediation mechanism, which serves to 
organize, manipulate, and embellish 
memory input. Signoret and Lher- 
mitte” provided empirical support for 
the proposal that memory deficits asso- 
ciated with frontal lobe damage may be 
related to a deficit in the organization of 
material to be learned, rather than en- 
coding or retrieval per se; these investi- 
gators described two patients with fron- 
tal lobe damage who were severely 
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impaired in paired associate list learn- 
ing but were relatively unimpaired 
when the stimuli were presented in a 
sentence context or with instructions to 
generate a visual image of the named 
objects. 

Although the data derived our pa- 
tient confirm previous observations 
that even relatively minor frontal lobe 
damage may be associated with a pro- 
found memory impairment, these data 
do not permit one to adjudicate between 
these possibilities. To the extent that 
the memory impairment is attributable 
to the putative deficit in controlled 
search of lexical phonology, the data 
support the thesis that frontal lobe am- 
nesia is attributable to higher-level im- 
pairments rather than to impaired en- 
coding or retrieval. Alternatively, if the 
memory deficit and impairment in con- 
trolled search are unrelated, the data 
may be consistent with the view that the 
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frontal lobes are critical for encoding 
and/or retrieval. 

Finally, one might wonder why the at 
least relatively selective impairment in 
processing of phonologically cued infor- 
mation demonstrated by our patient has 
not been reported previously. One pos- 
sibility is that the impairment has been 
confounded by the frequent association 
of dorsolateral frontal lobe lesions with 
nonfluent aphasia; impairments in the 
motor aspects of speech production or 
lexical phonology, which are often ob- 
served in association with left dorsolat- | 
eral frontal lobe infarcts, might obscure 
the effects of impairment in controlled 
search. 
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Following Correction of Prolonged Shunt Malfunction 
in Congenital Hydrocephalus 
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è Three children with congenital hydro- 
cephalus are described in whom increased 
intracranial pressure was associated with 
severe, long-lasting cortical visual impair- 
ment. Following shunt revisions or recon- 
structive craniotomies, visual improvement 
began within hours. It is speculated that in- 
creased intracranial pressure can occasion- 
ally result in chronic hypoperfusion of the 
parietal-occipital lobes, either due to posteri- 
or cerebral artery compromise secondary to 
transtentorial pressure gradient or to direct 
compression of cerebral tissues. 

(Arch Neurol, 1991 ;48:956-957) 


[ nereased intracranial pressure (ICP) 
caused by shunt malfunction in the 
treatment of hydrocephalus can occa- 
sionally damage the visual pathways.’ 
Various mechanisms have been sug- 
gested to explain the visual loss. Anteri- 
or visual pathway injury can occur from 
ischemia secondary to papilloedema’ or 
from a markedly dilated third ventricle, 
which presses on the chiasm’; and it is 
also possible for the optic tracts to be 
compressed by the tentorial edge dur- 
ing herniation of the hippocampus.’ 
Damage to the striate cortex and/or op- 
tie radiation can cause cortical visual 
impairment. This is much more likely to 
be transient than permanent in children 
who have experienced shunt failures,” 
but the recovery of vision tends to be 
slow, sometimes over a period of 3 to 5 
years. In shunt failure the most common 
mechanism of permanent visual impair- 
ment is infarction of the occipital lobes 
resulting from occlusion of the posterior 
cerebral arteries during tentorial herni- 
ation,’ but even in these children some 
degree of visual recovery is common. 
We describe three children with con- 
genital hydrocephalus in whom in- 
creased ICP was associated with se- 
vere, prolonged cortical visual 
impairment. However, improvement in 
vision began within hours following the 
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shunt revision. Since 1984, we have 
studied more than 200 children with se- 
vere cortical visual impairment’ who 
were referred to our visually impaired 
program. This type of quick improve- 
ment from prolonged visual loss related 
to increased ICP, although not com- 
plete recovery, in two of the children is 
most unusual and we have not seen it 
described in the literature. The possible 
pathophysiology is described. 


REPORT OF CASES 


CASE 1.—A female infant was born at 39 
weeks’ gestation with a thoracolumbar men- 
ingomyelocele after a normal pregnancy. 
Computed tomographic sean showed Chiari 
II malformation with markedly dilated ven- 
tricles. The spinal defect was closed and a 
ventriculoperitoneal shunt was inserted in 
the neonatal period. At 2.5 months the shunt 
was revised because of malfunction. The in- 
fant was noted to have been blind since birth, 
although the full eye examination was nor- 
mal. She was totally oblivious to her environ- 
ment. She did not blink to threat and did not 
follow or look at bright lights. The eye move- 
ments were normal. In contrast, she re- 
sponded to sounds and smiled to her parents’ 
voices. Due to continued shunt malfunction, 
she had another revision at 4 months of age. 
Within hours, her sight rapidly began to im- 
prove and 2 months later her caregivers felt 
that her vision was normal. At 4.5 years of 
age, the neurologic evaluation revealed para- 
plegia and absent deep tendon reflexes in the 
lower extremities. The tone was minimally 
increased in the arms and her hand move- 
ments were slightly tremulous. The ophthal- 
mologic examination, including visual acuity 
20/20, remained normal. Her intellectual de- 
velopment was age appropriate. Repeated 
computed tomographic seans showed that 
the shunt was functioning and visual-evoked 
potential studies (VEP) showed no 
abnormalities. 

CASE 2.—A male infant was born at 36 
weeks’ gestation after a normal pregnancy. 
Hydrocephalus was diagnosed shortly before 
birth and cephalocentesis was performed. 
He was delivered by elective cesarean sec- 
tion. Ventriculoperitoneal shunt surgery 
was performed early in the neonatal period. 
His computed tomographic sean revealed di- 
lated ventricles, aqueductal stenosis with a 
corpus callosum abnormality, and migration 
defects around the sylvian fissures. Al- 
though his ocular examination was normal, 
he had been totally blind since birth. He did 
not look at bright lights or follow them. He 
completely ignored his environment visual- 
ly, although he responded to the voices of his 


parents. His eye movements were normal, 
without evidence of nystagmus. At 5 months 
of age, increased ICP was diagnosed and his 
shunt was repaired. Within 48 hours his vi- 
sion rapidly improved to the point. where he 
could follow objects 2 to 3 feet away, but he 
remained visually inattentive. 

At 2 years of age he still had visual inatten- 
tiveness and variable vision. His ocular ex- 
amination remained normal, but measuring 
his distance visual acuity was impossible be- 
cause the preferential looking tests suitable 
for preverbal or multihandicapped children 
were still not available to us. His develop- 
ment was delayed and he began to have sei- 
zures. At age 3.5 years his shunt was still 
functioning and he was seizure free. His visu- 
al acuity, tested by preferential looking 
tests, was 9.8 eycle per degree, which ap- 
proximates 20/50 in Snellen measurements. 

CASE 3.—A male infant was born at term 
after a normal pregnancy. An emergency ce- 
sarean section was performed because of pro- 
longed labor and fetal distress. The infant 
was resuscitated. He was noted to have a 
high lumbar meningomyelocele with para- 
plegia and hydrocephalus that required ven- 
triculoperitoneal shunting. Computed tomo- 
graphic sean revealed Chiari II malformation 
with markedly dilated ventricles. Although 
his full ocular examination was normal, in his 
early infancy he completely ignored his visu- 
al environment. He did not blink to bright 
light or to threat. In contrast, he responded 
to his parents’ voices and seemed to enjoy 
music. 

The total blindness persisted until 7 
months of age, when a diagnosis of progres- 
sive sagittal synostosis was made and correc- 
tive surgery was performed. Within 2 to 3 
days his vision began to improve, he reached 
for objects, and a few weeks later he ap- 
peared to recognize his parents from across 
the room. At 10 months of age he was using 
his sight much more but he was still believed 
to be visually inattentive. 

At the age of 6.5 years, over a period of 4 to 
5 months, he gradually lost his vision. Again 
he became oblivious to his environment visu- 
ally, but continued to talk. Investigations 
revealed increased ICP, secondary to small 
intracranial volume although the shunt was 
functioning. Reconstructive biparietal cran- 
iotomies were performed. Within 48 hours 
his sight dramatically improved and a few 
days later his distance Snellen acuity was 
20/40 in the left eye and 20/70 in the right eye. 
At the age of 8 years his vision was the same 
as before, the funduscopie examination was 


normal, but on confrontation he appeared to y 


have minimal bilateral peripheral visual loss. 
He was fully integrated in school, but re- 
ceived learning assistance. He was noted to 
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The changes in the drawing abilities of patient 3. On the left note the infantile drawing skills during 
shunt malfunction and on the right the improvement a few days after shunt repair. 


be visually inattentive with variable visual 
function. Psychological testing revealed sig- 
nificant visual perceptual difficulties. 

A few months later, his shunt malfunc- 
tioned and he began to lose his sight. His 
» teacher observed profound deterioration in 

his visual skills, his drawing regressed to an 
infantile state, whereas his verbal abilities 
and his coordination changed only minimally. 
However, he frequently gave answers that 
bore no relationship to the questions. He was 
referred to an ophthalmologist who did not 
note any abnormal ocular findings, but found 
the distance visual acuity to be inconsistent 
and at best to be 20/200 with correction. The 
shunt was repaired, and within a couple of 
days the distance acuity was 20/40 in the left 
eye and 20/100 in the right eye. His visual- 
perceptual skills greatly improved (Figure). 
The neurologic evaluation still showed para- 
plegia, minimal bilateral peripheral visual 
field loss on kinetic are perimetry, and the 
funduscopic examination remained normal. 
The VEP and VEP map studies performed 
postoperatively were also normal. 

Due to episodes of increased ICP, this 
child lost his vision temporarily on two sepa- 
rate occasions. Although the distance visual 
acuity and visual functioning dramatically 
improved after surgery, both parents and 
teachers believed that on each occasion some 
permanent loss occurred in his visual-per- 
ceptual skills. Psychological evaluation sub- 
stantiated this impression and showed multi- 
ple learning disabilities, with visual- 
perceptual skills being affected the most 
severely. 


COMMENT 


These children were born with hydro- 
cephalus. In cases 1 and 3 the diagnosis 
was meningomyelocele and Chiari II 
, malformation, in case 2 the diagnosis 
was aqueductal stenosis with congenital 
anomalies of the brain. The children ap- 
peared to be blind from birth until the 
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chronically increased ICP was correct- 
ed, and then visual improvement was 
noted within hours. The process was 
repeated on three separate occasions in 
the third child. 

The cause of visual impairment was 
believed to be a disturbance of the visual 
cortex and optic radiation in all three 
children. Their eye examinations were 
always normal. The computed tomo- 
graphic scans, during shunt failures, re- 
vealed markedly dilated occipital horns. 

It is known that the latency and am- 
plitude of the VEP components are al- 
tered in patients with treated hydro- 
cephalus and those with shunt 
malfunction." These alterations may be 
due to papilloedema," anterior pathway 
compression,” stretching of the posteri- 
or optic radiation by the enlarged ven- 
tricles, or hemisphere ischemia. Abnor- 
malities in the VEP when associated 
with ventriculomegaly are more obvi- 
ous with increased ICP.” Following 
shunting or revision, VEPs tend to re- 
turn to their pretreatment state. Re- 
covery may occur within a few days of 
treatment or may be more delayed. 
However, such quick clinical visual im- 
provement after the relief of increased 
ICP as seen in our cases is unusual be- 
cause children with various types of 
long-standing cortical visual impair- 
ment tend to regain their sight gradual- 
ly." 

The rapid visual improvement seen in 
these patients suggests that the patho- 
physiology of blindness might have 
been prolonged hypoperfusion of the 
parieto-occipital lobes from chronically 
increased ICP. This may have been due 
to posterior cerebral artery compro- 
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mise secondary to a transtentorial pres- 
sure gradient or to direct compression ` 
of cerebral tissues. With relief of in- 
creased ICP, perfusion to the parieto- 
occipital areas was reestablished and as 
a result vision and visual perceptual 
skills rapidly improved. The visual loss 
in our patients was severe. It is possible 
that increased ICP can cause milder 
forms of visual dysfunction more fre- 
quently than apparent, but these chil- 
dren were not referred to clinies or 
agencies working with the blind and 
their visual functions were not tested. It 
is also important to emphasize that long- 
standing neurologic deficits can be re- 
versed with appropriate control of ele- 
vated intracranial pressure. 

Most of the children with shunt fail- 
ures or increased ICP are too sick 
and/or too young to cooperate with the 
various Snellen vision charts. On the 
other hand, the recent introduction of 
preferential looking or grading acuity 
tests,” which are based on pattern pref- 
erence, appear to be much more feasible 
since they require little or no verbal 
communication. 
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Many migraine patients experience excessive nausea and vomiting duringettacks, making it impossibie 
for them to retain any oral medication. in such cases, therefore, the only practical means of medication 
is through the rectal route where medication may reach the cranial vessels directly evading the splanchnic 
vasculature and the liver. 

INDICATIONS 


Catergot® (ergotamine tartrate and catteine) 

Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants or so-called 
“histaminic cephalalgia”. 
CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis and pregnancy. 

Hypersensitivity to any of the components. 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
use of the orally or rectally administered drugs, care should be exercised to remain within the limits of 
recommended di i 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and symptoms of peripheral 
vascular ischemia. Er ine induces vasoconstriction by å direct action on vascular smooth muscle. In 
chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
one a pallor of the digits may occur If the condition is allowed to progress untreated, gangrene 
can-resu 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent hyporsensti ity. There are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patents, particularly 
those who have used the medication indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

‘There have been reports of drug abuse and psychological dependence in patients on Catergot® (ergotamine 
tarate and caffeine) therapy Due to the chronicity of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur. These include 
` pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
pn Although these effects occur most commonly with long-term therapy at relatively high doses, they 
also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 
‘or bradycardia, nausea, vomiting, localized edema and itching. 
+ DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack. 









2 tablets at start of attack; | additional tablet 
every 4 hour, if needed for full relief 
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i suppository at start of attack: second sup- 
nary after i hour, if needed for full relief. 
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Early Administration Gives Maumum Effectiveness 
©. MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets. 
Rectatly: Two suppositories is the maximum dose for an individual attack. 


Total weekly dosage should not exceed 10 tablets or 5 suppositories. 
ie in carefully selected patients, with due consideration of maximum dosage recommendations, administration 
* ot the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic elfects of an acute overdosage of Cafergot® {ergotamine tartrate and caffeine} 
are due primarily to the ergotamine component. The amount of caffeine is such that its toxic effects will 
be overshadowed by those of ergotamine. Sı include vomiting, numbness, tingling, pain and cyanosis 
“of the extremities associated with diminished or absent peripheral pulses; hypertension. or hypotension; 
drowsiness, stupor, coma, convulsions and Shock. A case has been reported of reversible bilateral papillitis 
beet scotomata in a patient who received five times the recommended daily adult dose over a period 
‘Treatment consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. 
Maintenance of adequate ey ventilation, correction of hypotension, and control of convulsions are 
important considerations. framan or oh etal vasospasm should consist of warmth, but not heat, and 
protection of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised to 

avoid aggravating an already existent hypotension. 

` HOW. SUPPLIED 


Ci t° (ergotamine tartrate and caffeine) Tablets 
pink colored, sugar coated, imprinted “CAFERGOT” on one side, “ & on other side. Bottles of 
250; NDG 0078-0034-28, and cartons of three SigPak® {dispensing unit] packages, each containing 30 
~ tablets. in individual blisters, NDC 0078-0034-42. 


Catergot® (ergotamine tartrate and caffeine) Suppositories 


Sealed in fuchsia-colored aluminum foil, imprinted ° AÈ, CAFERGOT® SUPPOSITORY 78-33 SANDOZ’. 
Boxes of 12, NDC 0078-0033-02. 


{DECEMBER 1.1980 CAF-Z26} 


A, SANDOZPHARMACEUTICALS 


Corporation, E Hanover NJ 07936 (201) 503-7500 
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RESORT IN THE VAIL VALLEY 


DECEMBER 7 - 11, 1991 
Enhancing human performance in neurologic disease 


The Second Annual Symposium on Neurologic Rehabilitation is 
being organized by the Jimmie Heuga Center, a nonprofit, 
scientific research organization dedicated to ms 
reanimating the physically challenged. í 
The University of Utah Schoo! of Medicine jointly sponsors 


this meeting for continuing medical education in Category 
1 of the Physician's Recognition Award of the AMA. 


FOR MORE INFORMATION, AND REGISTRATION DETAILS, 
CONTACT: 


Dr. Richard W. Hicks, Executive Director 
of the Jimmie Heuga Center at 1-800-367-3101 


P.O. BOX 5919 
AVON, COLORADO 81620-5919 


THE JIMMIE HEUGA CENTER: 


A nonprofit screnniic research organization Reanimating the Physically Ghatienged” 















EEG AND EVOKED POTENTIALS: 
INTRAOPERATIVE AND ICU MONITORING 


r n 
January 3 - 5, 1992 
The Buena Vista Palace 
Lake Buena Vista, Florida 
In Walt Disney World Village 









Course Directors: Betty Grundy, M.D., Michael Mahla, M.D., 
and William Friedman, M.D. 


FACULTY: Geraldine Chadwick, M.A. C. Michael Harper, M.D. 
Robin Gilmore, M.D. Rhonda Richards, B.A. 

Salvatore Goodwin, M.D. Frank Sharbrough, M.D. 
Kathryn Toney, B.S. 





Learn all YOU need to know about EEG 
and Evoked Potential Monitoring 


A distinguished faculty will present indications, methods; and. inter- 
pretation techniques for EEG and evoked potential monitoring. Par- 
ticipants will be divided into small groups for a more. personal, 
hands-on approach using a wide variety of EEG and evoked potential 
systems, 











Course tuition is $450 ($500 after Nov. 30, 1991). Cancellation of 
registration by written notification only prior to Dec, 1, 1991. There 
is a $50 cancellation fee. This program will be approved for 
Category I credit toward the Physicians Recognition Award of the 
American Medical Association. 










For complete information contact Mrs. Carolyn Schoenau, 
Program Coordinator, Anesthesiology Alumni Association of 

Florida, Inc. Post Office Box 13417, Gainesville, Florida 32604 
or you may call (904) 392-8959 or FAX (904) 392-7026. 





Sponsored by: Department of Anesthesiology. Cawerity of Florida 
and Anecthrsiolngs Aumas Association of Florida, bx 
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... because after seizure control, there's a lot of living to do! 
SRETOL is 
the potental for serous hematologic adverse reactions 


important that you become thoroughly familiar with the full Prescribing 
Information for TEGRETOL on the next page, especially the boxed warning 





Avoids gingival or children 6 years and older and adults. 
‘hyperplasia 
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Tegreto! 


carbamazepine USP 
Chewable Tablets of 100 mg—red-speckiad. pink Tablets of 200 mg— pink 








WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED iN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF GEVELOPING THESE REAC- 
TIONS 1S 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION 15 LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOY AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER. THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES OB- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS. COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW GR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED iF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 








Betore prescribing Tegretol, the physician should be thoroughly familiar with the 
Getalls of this prescribing information, particularly regarding use with other drugs, 
aspecisily those which accentuate toxicity potential. 


DESCRIPTION 

Tegretol. carbamazepine USP. $ an anticonvulsant and specitc analgesic for trigeminal 
neuralgia. avaliable as chewable tablets of 100 mg and tabiets ot 200 mg tor oral 
administration Its chemical name 1s SH-dibenz[b, tlazepine-5-carboxamide. and its struc- 


turai formula i$ 
t 
CONH; 


Carbamazepine USP is a white to off-white powder. practically insoluble in water and 
Soluble in aiconol and in acetone Its moiecuiar weight is 236 27 
Inactive ingredients. Cotiodal siircon dioxide. FO&C Red No 3 ichewabie tablets oniy). 
FD&C Red No. 40 (200-mg tablets onty), favoring (chewable tablets only). gelatin 
giycenn. magnesium stearate, sodium starch glycolate (chewable tablets only), starch 
Stearic acid, and sucrose (chewabie tablets oniy} 


CLINICAL PHARMACOLOGY 
in controled clinical tnais, Tegretol has Deen shown to be effective in the treatment of 
psychomotor and grand mal seizures, as weil as tngeminal neuraigis 

it has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures it appears to act by reducing polysynaptic responses and 
blocking the post-tetanic potentiation. Tegretol greatly reduces or abolrshes pan induced 
by stimulation of the intraorbitai nerve in cats and rats It depresses thalamic potential and 
bulbar and polysynaptic reflexes. including the inguomandibuiat reflex sn cats Tegretol is 
chemically unrelated to other anticonvulsants of other drugs used to contro! the pain of 
trigeminal neuraigia The mechanism of acton remains unknown 

Tegretol tablets are adequately absorbed after oral admimstration at a slower rate than a 
solution, thus avoiding undesirably high peak concentrations Tegreto! chewable tabiets 
may produce higher peak levels than the same dose given as regular tablets Tegretol in 
Mood i$ 76% bound to plasma proteins Plasma levels of Tegretol are vanabie and may 
range trom 0.5-25 pg/m. with no apparent relationship to the daity intake of the drug 
Usual adult therapeutic levels are between 4 and 12 g/m! Following orai admunistration 
serum tevels peak at 4 to 5 hours The CSF/serum ratio is O 22. similar to the 22% 
undound Tegretol in serum Because Tegretol may induce its own metabotsm, the hait-ute 
is aiso vanatle inital nalt-ite values range from 25-65 nours. with 12-17 hours on 
repeated doses Tegretol ss metabolized in the fiver. Atter orai administration of t4C-carba- 
mazepine, 72% of the administered radioactivity was found in the urine and 28% in the 
feces This unnary radioactivity was composed largely of nydroxytated and conjugated 
metaboites. with only 3% of unchanged Tegretol Transplacenta! passage of Tegretol is 
rapid (30 to 60 minutes), and the drug 1s accumulated in fetai tissues. with higher levels 
found in hver and kidney than in Drain and ungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence supparting 
ethicacy of Tegretol as an anticonvulsant was denved from active drug-cantroiled studies 
that enrotied patients with the following seizure types 
1 Partial serzures with complex symptomatology (psychomotor. temporal lobe} Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mat} 
3 Mixed seizure patterns which inciude the above, or other partial or generalized 
seizures 

Absence seizures (petit maij do not appear to be controlied by Tegreto! (see PRECAU- 
TIONS, General) 
Trigeminal Neursigia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuraigia 

Beneficial resuits have also been reported in glossopharyngeal seuraigia 

This drug is not a simple analgesic and should not be used for the relet of trivial aches or 
pains 


CONTRAINDICATIONS 

Tegretol should not be used in patients with a history of previous Done marrow depression., 
hypersensitivity to the drug. or known sensitivity {0 any of the incyche compounds. such 
as amitriptyline. desipramine, imipramine protriptyline. rorteptyiine. etc. Likewise. on 
theoretical grounds its use with monoamine oxidase sehibitors 1s not recommended 

Betore admimstration of Tegretol. MAO inhibitors should be discontinued for a minimum 
of fourteen days, of longer if the clinica! situation permits 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
nSk 

Severe dermatologic reactions inciuding toxic epidermat necrolysis {Lyelt’s syndrome} 
and Stevens-Johnson syndrome, have been reported with Tegrete! These reactions have 
been extremely rare However, a few fatalities have been reported 

Tegretol has shown miid anticholinergic activity. therefore. patents with increased 
intraocular pressure should be closely observed dunng therapy 

Because of the relationstep of the drug to other tneyche compounds. the possidiiity ot 
achvatian of a latent psychosis and, in elderly patients. of contusion ar agitation shouid be 
bore in ming 


PRECAUTIONS 
Generat: Betore initiating therapy. a detailed nistory and physical examination should de 
made 

Tegretol should be used wih caubon in patients with a mixed seizure disorder that 
inciudes atypical absence seizures. since in these patents Tegretol has been associated 
with increased frequency of generalized convulsions isee INDICATIONS AND USAGE) 

Therapy shouid be prescnded gonty after critical Oeneft-to-rsk appraisai in patients with 
a history of cardiac. hepatic or renal damage. adverse hematologic reaction fo other 
drugs. or interrupted courses of therapy with Tegretoi 
Information for Patients: Pahents should be made aware of the early toxic signs and 
symptoms of a potenta: hematologic problem. such as fever sore throat. uicers in the 
mouth. easy bruising, petechiai or purpurie hemorrhage and shouid de advised to repor! 
to the phystcan immediately it any such signs or symptoms appear 

Since dunness and drowsiness may occur. patients shouid be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentialfy dangerous 
tasks 
Laboratory Tests: Compiete pretreatment blood counts. inciuding piatelets and possibly 
reticulocytes and serum ion, should be obtamed as a baseine ifa patient in the course of 
treatment exhibits igw or decreased white blood ceil or platelet counts. the patent shouid 


N 


be monitored closely Discontinuation of ine drug shouid be considered 1t any evidence of 
sigmificant Done marrow depression develops 

Baseine and penodic evaluations ct hver function. particularly m patien:s with a mstory 
of liver disease. must be performed dunng treatment with tes drug since iver damage 
may occur The drug should be discontinued emmediately in cases of aggravated iver 
dystuncton of active iver disease 

Baseline and penodic eye examinations .ncisdhng sìt-iamp, funduscopy and tenome- 
iry, are recommended since many phenothiazines and related drugs Nave been shown to 
cause eye changes 

Baseine and penodic complete unnaiyss ard BUN determinations are recommended 
tor patients treated with this agent because of apserved tenai dystunction 

Monitoring of blood ievels (see CLINICAL PHARMACOLOGY) has increased the efficacy 
and safety of anticonvulsants This monitoring may be particularly useful in cases of 
dramatic increase m segure frequency and fer venficahon ot compliance In adashon 
Measurement of drug serum levels may aid m determining the cause of toxicity when more 
than one medication is being used 

Thyracd funchon tests have been reported to show decreased vaives with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. ether aione eran 

combination with other drugs. 
Drug Interactions: The simultaneous admiresiration of phenobarbital. phenytan. or 
prmuione ora combination of two produces a marked lowering o° serum levels of 
Tegreto! The effect of vaiproic acid on Tegrerc! blood levels is not clearly estabushed 
although an increase sn the ratio of active 12. -epoxide metabolite to parent compound is 
a consistent finding: 

The naif-ives of phenytoin wattarin Soxycyciine. and theophyiine were sigmficantly 
shortened when administered concurrently with Tegreto! Hatoperido! and valproic acid 
serum levels may be reduced when these drugs are administered with Tegreto! The doses 
af these drugs may therefore have to be ncreased when Tegretol is added to the 
therapeutic regimen 

Concomitant adminstrahon of egreto! wits erythromycin. cimetidine. propoxyphene 
ssoniazid of calcium channel Diockers has bees reported to result in elevated plasma tevels 
of carbamazepine resuiting i toxicity in some cases Aiso. concomitant admmumstraion of 
Carbamazepine and bthium may increase the "sk of neurotoxic side effects 

Alterations of thyroid function Nave been ‘eported in combination therapy with other 
anticonvulsant medications 

Breakthrough bieeding has been reported among patients receiving Concomitant orzi 
contraceptives and their reliability may be adversely attected 
Carcinogenesis, Mutagenesis. impairment of Fertility: Carbamazepine. when adminis- 
tered to Sprague-Dawley rats for two years in ine diet at doses of 25. 75 and 250 
moa/kg/day. resuited in a dose-related increase in the incidence of heparoceliviar tumors 
temaies and of benign interstitial celi adenomas in the testes of maies 

Carbamazepine must. therefore. be consalered to be carcinogenic in Sprague-Dawley 
rats Bacterial and mammalian mutagenioty studies using carbamazepine produced 
negative resuits The significance of these hadings relative to the use of carbamazepine -n 
humans 1s al present, unknown 
Pregnancy Category C: Tegretoi tas been shown to have adverse effects in reproduction 
studies in rats when given orally 2 dosages W)- 25 tunes me maumum numan dany dosage 
‘of 120G mg in rat teratology studies 2 of 135 oftspnag showed kinked bs at 250 mg/kg 
and 4 of 119 offspring at 656 mgg showed other anomaites (cleft patate 1 tapes. 1 
anophinaimes. 2} in reproduction studies m rats. nursing ofispnng Jemonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage leve: ot 200 mgAg 

There are no adequate and wefl-controiied studies in pregnant women Epidemiological 
data suggest that there may de an association between the use of carbamazepine during 
pregnancy and congenial maiformations. iciuding sping bifida Tegretoi shovid be used 
during pregnancy only i the potential bene‘it ustifies the potential nisk to the fetus 

Retrospective case reviews suggest that compared with monotherapy there may be à 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended for aregnant women 





Only TEGRETOL. 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 10C-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet 





Hos important le note that anticonvulsant drugs shouid not de dscontinued n patents 
in whom the drug is administered to orevent major seizures because of the strong 
possibihty of precipitating status epilepticus with attendant hypoasa and threat to ite In 
indnvidua: cases where the severity and frequency of the seizure disorder are such that 
removat at medication does not pose a senous threat to the patient. discontinuation of the 
drug may de considered pror to and during pregnancy. although :t cannot be sad with any 
contidence that even minor seizures do nat pose some hazard to the developing embryo or 
fetus 
Labor sad Delivery: The effect o! Tegretal on human labor and deavery S unknown: 
Nursing Mothers: During lactation. concentration af Tegretol in mrk is approxmmately 60% 
ot the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants trom car- 
bamazepine, 2 decision shouid be made whether to discontinue nursing oF to disconmnue 
the drug taking into account the importance of the drug to the mother 
Pediatric Use: Safety and effectiveness -n chidren below the age 3t 6 years Nave not been 
established 


ADVERSE REACTIONS 
it adverse reactions are of such seventy thal the drug must De discontinued. the physician 
must be aware that abrupt discontinuztion of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures cr even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopovetic system (see 
boxed WARNING). the skin and the cartiovasculat system 

The mast frequently observed adverse reactions. particularly during the mitai phases of 
therapy. are dizziness. drowsiness. unsteadiness. nausea. and vomiting To minitaze the 
possibiity of such reactions. therapy should be initiated at the low dosage recommended 

The foliowing additional adverse reactions have been reported 
Hemopoenc System Apiashe anema. agranulocytosis. pancytosema. done marrow 
depression. thrombocytopenia. jevkopenia. leukocytosis, eosinophilia. acute intermittent 
porphyria 
Skin Pruttic and erythematous rashes urticana. toxic epiderma! necrolysis (Lyells 
syndrome} (see WARNINGS). Stevens-Johnson syndrome (see WARNINGS: photosen- 
Sitwwity feachons. aiterations :n skin pegmentation. exfoliative dermatitis erythema mult- 
forme and nodosum. purpura. aggravation of disseminated iupus erythematosus. 
alopecia and diapnoresis in certain cases. discontinuation of terapy may de necessary 
Cardiovascular System Congestive Neart taure. edema. aggravation of hypertension: 
hypotension, syncope and collapse, aggravation of coronary artery disease. arrhythmias 
and AV block. primary thrombophiebits. recurrence of thrombophiebitis and adenopathy 
os tymphadenopathy 

Some ot these cardiovascutar complications have resulted :n fatalities Myocardial 
infarction has been associated with omer tricyclic compounds 
Liver Abnormaiives in hver functen tests. cholestahc and nepatoceituiar jaundice, 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterizec by lever dyspnea. pneu- 
montis or pneumonia 
Gentourinary System Unmnary trequency. acute urinary retention. aliguna with sievated 
digod pressure. azotemia. tena! failure. and smpotence Albummuna. giycosuna elevated 
SUN and microscopic deposits 9 the unne have aiso been reported 

Testicular atrophy occurred in rats -ecerving Tegretoi orally tram 4 to 52 weeks at dosage 
sevels of 50 to 400 mg/kg/day Additionally. rats recerving Tegretot in the diet for two years 
at dosage ieveis of 25, 75. and 250 mg/kg/day had a dose-related sncidence of zesticuiat 
atrophy and aspermatogenes:s in dogs. + produced a browfesn discoloration. presum- 
ably 2 metabolite. m the unnary bladder at dosage ieveis of 50 mg/kg and higher 
Relevance of these hndings to humans is unknown 
Nervous System Durness. drowsiness. disturbances of coodinahon. contusian. nead- 
ache. fatigue. blurred vision. visual Tallucwtahoas. transient cipiopra. oculomotor distur- 
Dances. nystagmus. speech disturbances. abnormal involuntary movements. penpheral 
neunts and paresthesias. depression wih agitation. laikativeness. inntus. and 
nyperacusis 

There nave been reports of associated paralysis and other symptoms of cered<ai arterial 
insufficiency. Dut the exac! feiatiosstup of these reactions to the drug has sot been 
estabiished 
DwgeshveSystem Nausea. vomiting gastnc distress and abdommnai pain. diarrhea. consti- 
paton anorexia. and dryness of the mouth and pharynx iaciuding giosstis and stomatitis 





Eyes Scattered. punctate. corneal tens opacities, as well as conjunctwitis have been 
reported Although a direct causa! relationship has not teen established. many phe- 
notmazines and related drugs have peen shewn to cause eye Changes: 
Musculoskeletal System Aching soints and muscies. and ieg cramps 
Metabolsm Fever and chlis Inappropriate antidiuretic hormone {ADH} secretion syn- 
drome nas teen reported Cases of frank water intomcation. wit decreased seram sodium 
ihyponatremia} and coniu: have Deen reported in association with Tegretal use (see 
PRECAUTIONS. Laboratory Testsi 
Osher isciated cases of 2 lupus erythematosus-hke syndrome have been reported There 
have been occasconai reports ot elevated levels of choiestermi, HOL cholesterai and 
tegiycendes in patents taxing anticonvulsants 

A case of asepe meningitis accompamed by myoclonus and penpherai eosinapniia 
has been reported in a patient taking carbamazepine in combination with ofrer medica- 
tons The patient was successtully dechattenged and the meningitis reappeared upon 
fechalienge with cafbamazepine 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse aotentiai has heen associated wih Tegretol not ss there evidence of 
Bsycholagicai or physica: dependence in numans 


OVERDOSAGE 
Acute Toxicity 
Lowest known ietha! dose adults >60 g (39-year-old mani Highest mown doses 
sunvived adults, g idt-yearvid womani. chidren JO g i6-year-old boy} smali 
children. 5 g 13-year-old grii 

Oral LOSg sn agumais (mg koi mice. 1190-3750 rats, 3850-4025 rabbits 1500-2680 
guinea pigs 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascuiat disorders are generaity milder, and severe cardiac com. 
piscahans occur only when very high doses {> 60 g) nave heen ingested 
Respiration irregular brealting respiratory depression 
Cardiovascutar System Tachycardia. hypotension or nypertension. shock conduction 
disorders 
Nervous System ang Muscies impairment of conscccusness ranging in severity te deep 
coma Convulsions especiaily in smatichddren Motor restlessness muscular twitching 
tremor athetord movements. opisthotosos ataxia. drowsiness, dizziness, mydriasis 
nystagmus. agiadochoxinesia. baiism psychomotor disturbances. dysmetna inital 
hyperretiexia followed by hyporeflexia 
Gastromtestinai Tract Nausea. vorutng 
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, A Translation of Otto Binswanger’s Article, ‘The 
_ Delineation of the Generalized Progressive Paralyses’ 


< John P, Blass, MD, PhD; Siegfried Hoyer, MD; Roger Nitsch, MD 


he task with which the esteemed 
committee of our society has 
charged me, that is, the introduction of 
the discussion on the definition of gener- 
alized progressive paresis by the char- 
acterization of the important aspects of 
the condition, can be divided into three 
» parts: (1) consideration of the anatomic 
criteria, (2) the causes, and (8) the clini- 
cal course. 
I shall attempt a brief examination of 
those of the characteristic features of 
progressive paresis that allow its differ- 
ential diagnosis from other similar and 
related conditions, basing my consider- 
ations on all three of these aspects. I 
hope I may be allowed to observe, how- 
ever, that the limited scope of this short 
report will allow me to do no more than 
give an imprecise indication of the clini- 
cal picture and that I hope a more exact 
representation of the whole or of indi- 
vidual parts of the whole will emerge 
from the discussion. 


‘The first question, that of the anatomic 
characteristics of generalized progressive 
paresis, has been the subject of lively contro- 
versies, particularly in recent years. One 


: needs only to recall the debates at the Inter- 


national Congress in Berlin, which most 
clearly reflect the fundamentally different 
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opinions that still exist concerning this sub- 
ject. I, myself, during the course of a more 
detailed treatment of the histologic findings, 
have lately attempted to delineate the prima- 
ry impairments and to put forward their rela- 
tionships to the tissue changes, which in the 
correct light appear to be secondary, insofar 
as these concern the cerebral cortex. 

However, before we look at these anatom- 
ic details, which are still largely unexplained, 
we shall have to devote ourselves to the task 
of examining whether perhaps even the mac- 
roscopic postmortem findings alone offer us a 
way to discriminate progressive paresis un- 
equivocally from other organic brain 
diseases. 

The most important observations in the 
brain of a person with paresis are (1) reduc- 
tion in brain weight; (2) atrophy of the cortex 
of the frontal and parietal lobes, the insular 
gyri, and the anterior portion of the temporal 
lobe; (3) expansion of the ventricles, internal 
hydrocephalus, and granular ependymitis; 
(4) external hydrocephalus, generalized 
brain edema, and chronic leptomeningitis; 
and (5) hemorrhagic pachymeningitis. 
(Changes in the substance of the spinal cord 
are deliberately not considered here, as they 
ean hardly give rise to diagnostic errors in 
the assessment of anatomic findings. At 
most, it seems possible that in cases of tabe- 
tic paralysis, the less easily recognized mac- 
roscopic changes in the brain might be over- 
looked during the anatomic examination 
because of pronounced and unequivocal 
changes in the spinal cord. This is possible if 
the clinical signs and symptoms of the illness 
are unknown to the anatomist. The impor- 
tance of spinal cord involvement in the patho- 
logic process of progressive paresis has been 
described in articles published by Westphal 
and more recently by Fiirstner.) 

In the final picture of progressive paresis, 
we regularly find either all the postmortem 
findings listed herein in their entirety or at 
least some of them; nonetheless, no one 
should succumb to the temptation to come to 
either a positive or a negative conclusion on 
the basis of the presence or absence of only 
one of these features. 


The first of the above observations that I 
intend to discuss are the changes attribut- 
able to leptomeningitis. Earlier, particularly 
under the influence of the work performed by 
Duchek and Meyer, the opinion prevailed 
that the meningitis-induced changes were 
actually the most obvious and, indeed, the 
primary pathologic processes in progressive 
paresis and, in accordance with this, that 
these changes were always present in the 
typical cases of this illness. Varied experi- 
ence collected later, however, has proved 
that even in cases of long-standing progres- 
sive paresis, there is occasionally no evidence 
of any serious change attributable to menin- 
gitis. According to my own observations col- 
lected from patients in the clinie in Jena, 
among 106 postmortem examinations, 70 
cases with pronounced leptomeningitis-in- 
duced changes were recorded, 28 with slight 
changes of this kind and eight with no sign 
whatsoever of such changes. In the cases 
with only slight involvement of the soft me- 
ninges, there were only intermittent whit- 
ish, cloudy areas or streaky thickenings 
along the greater vascular trunks. Similar 
observations are recorded in the brains of 
nonparetic individuals of the same age who 
have lived in similar circumstances. The ex- 
tensive whitish, cloudy patches on the con- 
vex surface of the hemisphere, the fine gran- 
ular grayish white and _ grayish-yellow 
deposits in the subarachnoid spaces, the pla- 
teletlike thickenings of the pia mater in the 
region of Magendi’s foramen, the large trans- 
verse fissure of the brain, the optic chiasm, 
and the sylvian fissure are not present in 
these brains. The meninges can almost al- 
ways be easily separated from the surface of 
the brain, with no superficial loss of sub- 
stance; only at isolated points over the fron- 
tal lobe, especially over the gyrus rectus, we 
detach small particles from the glial coating 
and the uppermost layer of the cortex in the 
area of the incoming cortical vessels together 
with the pia mater. If even slight brain ede- 
ma is present, extending the epicerebral 
spaces, these adhesions are also not ob- 
served. We deduce from this that there are 
very definitely pronounced cases of progres- 
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sive paresis in which the so-called character- 
istic leptomeningitic changes are present 
only to a very slight degree or not at all. 

The reduction in brain weight is regarded 
as the second most characteristic feature. It 
is certainly true that we shall be able to show 
quite a considerable reduction in the average 
brain weight (by 100 g and more) in the over- 
whelming majority of brains from elderly pa- 
tients, especially if we have taken away the 
ventricular fluid and the edematous menin- 
ges. Nonetheless, I should like to pronounce 
a caveat against the assumption that every 
case of progressive paresis that has marked 
clinical features and is observed in an elderly 
patient must be accompanied by a reduction 
of this degree in brain weight. I have seen a 
number of unequivocal cases of progressive 
paresis in which death had supervened in the 
terminal stage and in which no substantial 
reduction in the brain weight was present. 
The volume of the brain should always be 
considered in conjunction with the overall 
body height and weight before a correct esti- 
mate of the average weight appropriate to 
the particular brain can be made. (A more 
detailed compilation of the macroscopic post- 
mortem findings recorded in studies of pa- 
tients who died with paresis from 1882 to 
1894 in the clinic in Jena is to be published 
shertly by a colleague and former student of 
mine.) 

There is another feature that is just as 
variable and unreliable: macroscopically visi- 
ble atrophy of the cerebral cortex. For my 
present purposes, I disregard the generally 
familiar typical findings with widely yawning 
sulci and the narrowing of the frontal lobe 
gyri to narrow ridges, as these preclude diffi- 
culties when the diagnosis is made. Besides 
these findings, there are others, including 
the high-grade mental deterioration pro- 
gressing over years of illness to complete 
devastation, which is in stark contrast to the 
macroscopically apparent destruction of spe- 
cific cortical tissue. One is always newly sur- 
prised when neither examination of the brain 
surface nor the study of vertical sections of 
the hemispheres reveals demonstrable corti- 
eal atrophy. Of course, I am not thinking now 
of brains in which the cortical atrophy is ob- 
secured by a rather pronounced edematous 
saturation of the cerebral cortex and fissur- 
ing of the glia, often to a substantial degree 
(particularly in the second cortical layer and 
in the medullary lamina). (Unfortunately, no 
comprehensive measurements are available 
that could provide us with average values for 
the width of the cortex in the individual gyri. 
Even now, we therefore still have access only 
to extremely unreliable estimates, which 
mostly are of only very limited value to the 
observer. As yet, we are only in a position to 
recognize substantial wasting of the cortex; if 
this is not present in elderly patients with 
paresis, the interpretation of the degree of 
cortical atrophy varies widely among differ- 
ent examiners, as experience has shown me 
many times.) 

If we recall the finer anatomic processes 
involved in the progression of the paretic 
condition, it becomes easy to understand that 
the destruction of the functional cortical tis- 
sue can be almost completely compensated 
for by reparatory proliferations of the con- 
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nective tissue containing the vessels. This 
will be true particularly if the onset of the 
illness is at a relatively early age, while the 
glial tissue still has a very strong growth 
tendency. 

With this, we come closer to the less nu- 
merous cases of diffuse brain sclerosis, which 
is known to be confined exclusively to child- 
hood and early youth and has been deseribed 
in some detail by Striimpell, Siemens, 
Schultze, Jendrassik, Marie, and others. 
This diffuse proliferation of the glial tissue, 
which substitutes for the specific neural tis- 
sue that has not developed completely, only 
rarely leads to pronounced thinning of the 
cerebral cortex. When cut through, the cor- 
tex is more likely to appear expanded and 
pale grayish white; an insight into the nature 
of the illness is not provided until the micro- 
scopic examination is performed. Confusion 
with progressive paresis will be possible 
when, on the one hand, following a long 
course of the illness, death does not occur 
until the patient is at an age at which the 
paretic condition is also pronounced, and, on 
the other hand, when the paretie condition 
occurs while the patient is still young. I refer 
you to the cases of juvenile paralysis report- 
ed in the psychiatric literature during the 
last two decades. In the second type of case 
mentioned above in particular, errors in di- 
agnosis are probably not uncommon, as there 
is by no means a sharp discrimination be- 
tween the clinical pictures of juvenile paraly- 
sis and diffuse cerebral sclerosis. A strict 
distinction can be made during an anatomic 
examination: diffuse cerebral sclerosis is 
characterized as a primary proliferation of 
the glial parts with simultaneous or rather 
earlier inhibition of the development of the 
neural elements (this glial proliferation can 
be explained by two different processes: [1] 
excessive growth of histologically unfinished 
ectodermal tissue components takes place or 
[2] the mesodermal parts of the connective 
tissue penetrating with the vessels show 
pathologically intensified growth and fill up 
the defects that have arisen as a consequence 
of the inhibited development of the ectoder- 
mal tissue); the paralysis presupposes the 
destruction of fully developed neural ele- 
ments; and the glial proliferations in this case 
are secondary processes of repair. I am, of 
course, not unaware that this separation of 
the two pathologic processes — which is a sci- 
entific necessity —is countered by very con- 
siderable problems in practice when actual 
patients are examined. 

Gliosis of the cerebral cortex, which was 
first reported by Fiirstner, is more easily 
differentiated from paralysis. It has one fea- 
ture that is completely peculiar to it, namely, 
the presence of tuberosities and granules ex- 
tending beyond the surface of the brain and 
tending to form cavities in their interior. The 
only difference between this condition and 
diffuse sclerosis of the brain, I suppose, is its 
focal nature. 

One of the most unequivocal features, in 
my opinion, is granular ependymitis. In my 
experience, this is never absent in progres- 
sive paresis. It must be mentioned that the 
granulations are not always very substan- 
tial. We find them occasionally only in the 
hindmost parts of the floor of the rhomboid 


fossa at the outermost border of the alae 
cinereae and at the lateral declivities of the 
roof of the fourth ventricle. Otherwise, they 
are most easily found at the outermost bor- 
der of the strial callosities in the lateral 
ventricle, 

I do not mean to say that these ependymal 
proliferations occur exclusively in the pres- 
ence of general paresis. We encounter them 
occasionally in other organic brain diseases, 
particularly in the presence of brain tumors. 
I have also found distinct granular ependymi- 
tis in a few instances following so-called func- 
tional psychoses; these were in persons who 
had suffered from chronic paranoia and who 
had died at a fairly good age (between 50 and 
60 years), There was certainly no relation- 
ship between this postmortem finding and 


the known psychosis; rather, it must be as- ., 


sumed that in these cases, complications are 
present as characterized by organic alter- 
ations in the brain that have superimposed 
themselves on the earlier pathologie process. 
Thus, we cannot say that the presence of 
granular ependymitis is an unmistakable 
sign of progressive paresis. In my opinion, 
however, the inverse of this conclusion is 
very well justified, namely, that if granular 
ependymitis is not present, the diagnosis of 
progressive paresis will be very dubious. 

I have found it necessary to recognize the 
value of the macroscopically visible features 
of the postmortem findings in more detail, 
because in practice they are virtually the 
only basis for a diagnosis of paresis on the 
mortuary bench. In the case of forensic ex- 
aminations, in particular, the conclusions 
drawn from these macroscopic observations 
can result in very important implications. 


It can be inferred from the above dis- 
cussion that the anatomic diagnosis of 
this illness is by no means confirmed by 
the presence of just one macroscopic 
finding that is also found in paresis. 
Anything more than the absence of one 
of the so-called typical alterations justi- 
fies its exclusion. The anatomic diagno- 
sis, however, is ensured when several of 
these typical features are present 
simultaneously. 


At our present state of knowledge, the 
microscopic examination poses many difficul- 
ties in diagnosis. In elderly patients in whom 
the macroscopically recognizable changes 
are distinctly pronounced, the microscopic 
examination also unequivocally shows the fi- 
nal results of chronically progressive wast- 
ing of the functional cortical tissue (wasting 
of the myelinated nerve fibers and destruc- 
tion of the ganglion cells in places) in associa- 
tion with degenerative alterations in the ves- 
sel walls and reparatory formation of the 
interstitial tissue. In such circumstances, the 
first things to come to notice are hyaline 
degeneration and streaky thickening of blood 
vessels with endothelial proliferations; ex- 
travasations of blood and conglomerations of 
lymph corpuscles in the intravascular and 
extravascular lymphatic spaces, which are 
dilated in parts; rigid, thickened, fibrous in- 
terstitial tissue, especially in the outer layers 
of the cortex and in the glial coating; abun- 
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dant astrocytes and so-called free nuclei; and 
leptomeningitic scars with proliferations and 
accumulations of nuclei within the endotheli- 
al membrane, while the nerve tissue defect 
cannot be established until more laborious 
comparative investigations are performed. 

In the case of the so-called early forms, 
that is, in patients in whom both the onset 
and the course are chronic and who have died 
of intercurrent diseases during the initial 
stages of the paresis, as in the cases in which 
the paresis has taken a rapid course, demon- 
stration of the condition based on anatomic 
examination findings is much more compli- 
cated. The so-called chronically inflamma- 
tory, ie, reparatory, processes cannot be de- 
tected with any degree of certainty or at least 
not with the methods of investigation used 
thus far, as only the degenerative and 
atrophic alterations become clearly apparent 
when these methods are applied. In the same 
way, the finer alterations in the ganglion 
cells and the nerve fibers can be detected 
only incompletely with the aids available; 
only the advanced degeneration and degen- 
erative alterations of the ganglion cells and 
the wasting of the coarser nerve myelinated 
fibers can be distinguished, while so far the 
incipient affliction of the nerve cell, the func- 
tion of which can be profoundly impaired 
even at such an early stage, and the involve- 
ment of the finer nerve plexus, which doubt- 
less has a high functional importance, remain 
completely undisclosed. 


We shall not come any closer to an 
answer to the first problem until the cell 
studies introduced by Nissl have been 
further refined; at the same time, we 
may hope that Golgi’s method can be 
adapted for use in research on paresis. 
Nonetheless, the very important ques- 
tion of the involvement of the ectoder- 
mal components of the glial tissue in the 
pathologic process must also be freshly 
investigated as soon as the details of 
Weigert’s method of glia staining are 
made known. 


Up to the present, we are not in a position 
to say any more than that following death at 
an advanced stage or in the terminal stage of 
the disease after a chronic course, histologic 
examination discloses easily recognizable al- 
terations of the cerebral cortex. These, how- 
ever, are of relatively little importance in the 
differential diagnosis, because, as you know, 
precisely in these cases the diagnosis can 
easily be made based on the postmortem 
macroscopic findings. 

In cases with what might be referred to as 
arapid course, that is, when the entire dura- 
tion of the illness is compressed into a few 
months, histologic examination yields highly 
characteristic, easily recognizable pictures if 
the so-called inflammatory phenomena have 
developed early or if extensive degenerative 
processes of the vessels (mostly of the nature 
of hyaline degeneration) are present. In the 
latter case, we find numerous massive accu- 
mulations of red blood corpuscles or blood 
pigment bodies in the intravascular and ex- 
travascular lymph spaces, so that it is also 
permissible to refer to a hemorrhagic form of 
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paralysis. [Editors note: The second part of 
the three-part article, “Continuation,” 
follows. | 

I will follow this critical review of the 
anatomic alterations in progressive pa- 
resis with a brief description of the post- 
mortem findings that can be observed in 
two pathologic forms that are reminis- 
cent of the clinical manifestations of pa- 
resis. First, I should like to draw atten- 
tion to a relatively small group of cases 
(in the last 11 years, that is, since I 
became aware of this pathologic form, 
only eight such instances have come to 
my attention), in each of which a closer 
examination was necessary later in the 
course of the differential diagnosis. In 
this group, we find pronounced atrophy 
of the white matter, either confined to 
one or more gyri of the brain or in sever- 
al sections of the hemisphere at the 
same time, varying only in intensity. In 
the most severe cases, the entire white 
matter of a cerebral lobe appears to 
have completely wasted away, so that 
the opposing gyri with the thread of 
medulla are touching each other, for ex- 
ample, in the region of the insula, or are 
only bound on the inside by the thick- 
ened ependyma of the enormously ex- 
panded ventricular segments. These al- 
terations are seen most clearly in the 
occipital and temporal lobes, so that the 
lower and posterior horns of the ventri- 
cles are transformed to wide cavities 
with blind endings, while the anterior 
segment of the lateral ventricle is ex- 
panded relatively little and the white 
matter in the frontal lobe is almost unin- 
volved in the disease process. Even the 
fact that the main seat of the illness is in 
the posterior segments of the brain is a 
way to discriminate these cases from 
progressive paresis. The clinical mani- 
festations and the course of illness are 
also characterized by features that al- 
low a reliable differentiation from pare- 
sis. It will be best to refer to this form of 
illness as encephalitis subcorticalis 
chronica progressiva (the term enceph- 
alitis is used here, as by Thoma, in the 
wider sense of brain disease and not to 
mean inflammation of the brain) [edi- 
tor’s note: translators emphasis]. 

On macroscopic examination, the cor- 
tex shows no essential changes, except 
for slight thinning. Granular ependymi- 
tis was seen in only four cases. The dis- 
ease process begins in some cases dur- 
ing the same period in life as paresis also 
appears, ie, in the second half of the fifth 
decade. There is no doubt, however, 
that it begins far more frequently in 
persons on the threshold of old age, in 
the early 50s. In all these cases, there is 
pronounced atheromatosis of the cere- 
bral arteries. It is very easy to assume 
that the subcortical wasting of the nerve 





fibers is caused by the nutritional im- 
pairments caused in turn by the arterio- 
sclerosis. In more advanced old age, 
too, we find this wasting of the white 
matter restricted to isolated parts of the 
brain in cases of severe senile dementia, 
as I have been able to assure myself only 
recently. A postmortem examination 
was performed following the death of a 


74-year-old man who had been very = 


highly gifted intellectually and had per- 
formed his very responsible work until 2’ 
years before, when he died of rapidly 
progressing mental deterioration char- 
acterized by paraphasic features. 
Pathologically, high-grade wasting of 
the white matter was found throughout 
the region of the occipital and temporal 
lobes; as a result, the posterior and infe- 
rior horns were drastically expanded 
and the ependyma of both were grossly 
thickened. 

There is another group of cases close- 
ly related to the arteriosclerotie pro- 
cess, which I classify under the general 
name of “arteriosclerotic brain degener- 
ation.” As this can lead to confusion with 
paresis in both its anatomic and clinical 
aspects, I feel justified in presenting it 
herein. At this point, I only want to 
attempt a brief review of its characteris- 
tic anatomic features, leaving the clini- 
eal characteristics until later in this 
report. 

On postmortem examination of the 
body organs, we find extensive arterio- 
sclerotic processes on the great vascu- 
lar trunks, on the coronary arteries of 
the heart, and on the renal vessels, with 
atrophy of the renal parenchyma. The 
myocardium is heavily atrophied and 
subject to fatty degeneration. The great 
vessels in the brain usually show pro- 
nounced arteriosclerotic alterations, al- 
though cases are encountered in which 
these changes are sharply pronounced 
in the body arteries, while the internal 
carotid artery and the basilar artery, 
like the main branches of these vessels, 


are affected only relatively slightly. The : - 


brain is mostly markedly edematous; it 
shows a substantial weight reduction 
and is poorly supplied with blood. The 
vascular lumina are generally markedly 
expanded. In the immediate vicinity of 
the vessels, the brain substance can be 
seen macroscopically to be discolored, — 
appearing light gray to reddish brown, 
and slightly depressed at many points of 
the cortex and the white matter. In the 
areas of the basal ganglia and the inner 
capsule, in particular, there is a definite 
eribriform state. The cortex is pale 


gray, indistinct, and not very thinned; 


the layering is unclear; the hemispheric 
white matter is a dirty white and gray- 


ish white in parts; and the large bundles a 


of fibers in the inner capsule and the 
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brain stem show this dirty gray discol- 
oration most clearly. The brain ventri- 
cles are markedly expanded; granular 
ependymitis is occasionally found in the 
fourth and in the lateral ventricles. 

Microscopic examination of the fresh 
brain discloses extensive degenerative 
processes—simple atrophic degenera- 
tion or fatty degeneration—on the small 
arterial and venous vessels in both the 
cortex and medulla, in some cases, and 
(in the larger arteries) pronounced par- 
tial thickening of the inner and middle 
vascular membranes, the nuclei of 
which are distinctly increased, in other 
cases. The lumen is correspondingly 
narrowed, At many points in the vascu- 
lar sheath, there is an abundance of 
amorphous, scaly, and crystalline blood 
pigment as well as many lymphoid and 
epithelial elements. In the immediate 
vicinity of the vessels, too, we find blood 
residues as well as granular detritus, 
granular balls (some of them containing 
pigment), myelin scales, corpora amyla- 
cea, and (in the cortex) nerve cells and 
glial cells in the process of disintegra- 
tion. Examination of the cortex of a 
hardened brain shows that the myelin- 
ated nerve fibers, both those in the su- 
perficial zonal layer and those in the 
medullary lamina and in the radial bun- 
dles, are distinctly reduced in number. 
(Precisely these cases lend themselves 
to examination by Marchi’s method to 
determine the extent of the degenera- 
tive process and which nerve fibers are 
subject to the destructive process.) De- 
generative atrophic processes can also 
easily be detected on the nerve cells in 
the cerebral cortex. 


Herein you have a rough outline of the 
picture of the degeneration of the cerebral 
substance caused by vascular disease. We 
must now ask to what extent arteriosclerotic 
brain degeneration can be confused with gen- 
eral paresis. It must first be stressed that the 
presence of extensive arteriosclerotic 
changes of the arteries in the body and/or in 
the brain can also be observed in cases of 
typical paresis. The autopsy findings re- 
ferred to above include those recorded in 22 
eases in which severe generalized atheroma 
was present. These cases include eight in 
which the 40th year of life had not been 
reached (two patients had not yet reached 
the age of 31 years at the time of death). 
There were nine cases in which death had 
occurred between the ages of 40 and 45 
years, three in which death occurred be- 
tween the ages of 46 and 50 years, and two in 
which death occurred between the ages of 50 
and 55 years. We can conclude from this that 
: atheromatosis is not only a relatively fre- 
quent concomitant condition (a cause?) of the 
paretic disease process but it also occurs in 
more youthful paretics in whom senile invo- 
lution cannot yet play any role in the process. 

It will not be a mistake in these cases if we 
assume a causal connection between the pre- 
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mature development of arteriosclerosis and 
the syphilitic infection in the case history. As 
can be seen from my observations, arterio- 
sclerosis is encountered both as an autopsy 
finding in typical paresis and in arterioscle- 
rotic degeneration. Furthermore, as the 
macroscopic autopsy findings can be very 
similar in the two conditions, it will not al- 
ways be possible for us to make the differen- 
tial diagnosis based on the anatomic exami- 
nation findings with an adequate degree of 
certainty. Nonetheless, it will presumably 
be possible to assign the patients with pro- 
gressive intellectual deterioration who do 
not become ill until their late 40s or early 50s 
and who are characterized anatomically by 
the criteria of minute necrotic foci of the 
cerebral substance around the arterioscle- 
rotic vessels or of miliary apoplexies to the 
group classifiable under arteriosclerotic 
brain deterioration anc to distinguish them 
from those patients with paresis. If the clini- 
cal picture just described is also accompanied 
by rather large hemorrhagic foci, it is even 
easier to distinguish it from paresis. 

The clinical picture discussed later in this 
report is of more decisive importance. So 
many of its features deviate from those of 
typical progressive paresis that making ar- 
teriosclerotic brain degeneration into a main 
classification heading in its own right is prob- 
ably justified. 

The second procedure that can be followed 
to discriminate paresis from diseases with 
similar manifestations is via the causative 
explanation for the nomenclature used for 
these conditions. It is probably no longer 
contested that the paretic disease process 
has to be regarded as the sequela of a func- 
tional overexertion of the central nervous 
system, particularly of the cerebral cortex. 
The threshold at which the average perfor- 
mance capacity of an individual is exceeded is 
obviously extremely variable. Very different 
factors are involved in the precipitation of 
organic brain disease against the background 
of functional overexertion. 

The first factor to be considered, as all the 
more recent studies have shown, is syphilis. 
We shall have to assume that pathologic 
products of the syphilitic poison exert chemi- 
cal effects that bring about changes in the 
substance of the nerves. Whether this chemi- 
cal alteration alone can lead to the extensive 
degenerative changes in the nerve fibers and 
nerve cells that characterize the paretic dis- 
ease process or whether it damages the af- 
fected tissue only insofar as it makes the 
nerve substance less resistant to other nox- 
ious influences acting on it must be regarded 
as an unanswered question. I lean toward the 
latter view and still believe that the syphilitic 
infection must be followed by other noxious 
influences if paresis is to develop. With this 
interpretation, we shall be able to regard 
syphilis only as an indirect disease agent 
when the whole is eonsidered from the aspect 
of origin. 

Accordingly, in doubtful cases in which the 
diagnosis of paresis cannot be made with cer- 
tainty from the clinical symptoms, it cannot 
be concluded, based on a note of earlier syph- 
ilitie infection in the case history, that the 
question of the diagnosis is resolved in favor 
of paresis. For it is precisely the functional 


and organic brain diseases whose symptoms _ 


resemble paresis that not infrequently devel- 
op in individuals who have also suffered gen- 
eralized or localized tissue damage as the 
result ofan earlier syphilitic infection, Syphi- 
litice neurasthenia with syphilitic hypochon- 
dria, for example, is a very common clinical 
picture. The arteriosclerotic disease process 
has also arisen against the background of 
syphilitic infection in some cases, and the 
discrimination of arteriosclerotic disease of 
the central nervous system from the paretic 
disease process is by no means made easier 
by this consideration of the cause. 

The same problem—perhaps in an even 
more pronounced form—is encountered in 
the discrimination of paresis from cerebral 
syphilis in the strict sense of the term. In the 
separation of these two pathologic condi- 
tions, the method to determine the cause can 
only gain a hold if syphilis is definitely pre- 
sent, insofar as we must strive to differenti- 
ate the specific, ie, gummous, processes 
more precisely from the sequelae of syphilis, 
the indirect tissue damage of a nonspecific 
nature. Viewed theoretically, the task ap- 
pears to be rather easy: all diseases of the 
central nervous system, and specifically of 
the brain, that directly follow the syphilitic 
infection are to be assigned to the specific 
processes, while all late forms, ie, all diseases 
of the central nervous system that lag behind 
the specific syphilitic manifestations, so to 
speak, belong to the group of illnesses that 
are brought about indirectly by syphilis (ta- 
bes and paresis). In practice, however, ev- 
erything turns out quite differently: on the 
one hand, it is shown beyond all doubt by 
clinical and anatomic examination that simul- 
taneously with the most varied syphilitic 
eruptions (diseased states of skin, mucous 
membranes, and bones) the postsyphilitic 
degenerative process can also start to devel- 
op. To remain with paresis, enough cases 
have been reported in which the entire 
course of the illness has only taken 2 to 3 
years from the syphilitic infection to the fatal 
outcome and in which specific manifestations 
of illness have been present in an unremitting 
sequence, in parallel with severe and very 
pronounced brain symptoms. The anatomic 
examination then discloses the characteristic 
features of progressive paresis, while consid- 
eration of the origin suggested that a specific 
disease process was much more probable. In 
cases with such a fulminant course, then, the 
diagnosis cannot be made with certainty 
from the clinical course of the illness. Con- 
versely, we encounter patients with quite 
pronounced cerebral syphilis in whom the 
syphilis had existed for years without any 
obvious manifestations of disorders before 
the onset of a new episode of the illness. 


We see, then, that consideration of 
the temporal sequence of the manifesta- 
tions of the illness is not of much help in 
the differential diagnosis between cere- 
bral syphilis and progressive paralysis, 
even after establishment of the common 
causative factor. 

Discussions of the other causes of pro- 
gressive paresis will not yield success in 
finding a crucial feature, either among 
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the predisposing moments or among 
those directly involved in the causation 
of the illness, that can be regarded as 
the determining factor allowing the di- 
agnosis to be made in doubtful cases. 
Heritability, which, contrary to earlier 
assumptions, plays an important role in 
paralysis, alcoholism, and the plurality 
of noxious influences common to all per- 
sons in civilized societies, owing to pre- 
sent-day social circumstances, to the 
existentially harder struggle, and to the 
exaggeratedly hasty way of life, do not 
cause exclusively one or the other func- 
tional or organic psychic illness. On the 
contrary, we have to say that the same 
causative factors can most certainly 
lead to different kinds of disease pro- 
cesses, depending on the predisposition 
and the constitution of the person 
affected. 


The present status of our knowledge of 
causative relationships allows no other as- 
sumption but that in the area of neurologic 
diseases, the localization and extent of a dis- 
ease process will be determined primarily by 
the degree of anatomic and physiologic devel- 
opment of some segment of the nervous sys- 
tem in the determination of the level of resis- 
tance that precisely this segment possesses 
against pathologic influences. Compared 
with this level of anatomic and functional 
development determined by predisposition 
and “training,” the specifie localized mecha- 
nism of action of particular noxious influ- 
ences can be assumed to play a less important 
role. 

I should like to include just one example at 
this point to illustrate these reflections, 
which I have advisedly kept on a general 
plane. An irregular, dissolute way of life that 
is also overburdened by physical or intellec- 
tual work leads in one case (with or without 
syphilitic infection or chronic alcohol abuse) 
to the typical clinical picture of organic attri- 
tion of the central nervous system, that is, to 
paresis. In another case, the only conse- 
quence is functional attrition with an im- 
paired equilibrium, that is, neurasthenia. In 
a third case, the influence of these noxious 
influences [editor's note: original word used 
was “noxae”| makes itself felt primarily in 
organic disease of the vascular system, in 
those endarteritic and mesarteritic disease 
processes that are the cause of far-reaching 
functional impairments and anatomic alter- 
ations in a very wide variety of organs. Here, 
we see that, while the nature of the noxious 
influences is the same, it is the particular 
anatomic and functional constitution of the 
individual organ systems that determines 
the particular location and extent of the dis- 
ease processes. 

Here I begin the third part of my discus- 
sion, in which it is my intention to discuss the 
differential diagnostic aspects offered by the 
clinical course. I should need to speak at 
unreasonable length if I were to present the 
entire, exceptionally varied psychic and so- 
matic signs and symptoms of paresis at this 
point, with reference to the value I assign to 
them for the process of diagnosis. It is made 
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easier for me to evade this task, insofar as I 
am addressing a gathering of fellow special- 
ists who are familiar with these clinical facts. 
I can therefore restrict myself to drawing 
attention to the mistakes that can be made in 
diagnosis: on the one hand, those that easily 
come up in the early stages of paresis, and on 
the other hand, those that can be made in the 
group of so-called atypical cases of paresis as 
a consequence of confusion with clinically re- 
lated organic brain diseases. I shall begin 
with the form of illness that I have referred to 
earlier, in the section dealing with anatomy, 
as arteriosclerotic brain degeneration. 

However uniform and unequivocal the an- 
atomic findings may be, the clinical picture 
ean vary extremely widely both in the inten- 
sity of the manifestations of illness and in the 
sequence of their appearance. I want now to 
attempt to divide these different types of 
clinical pictures into two groups. It will be 
best if I append the description of the first to 
the report of a case that was the subject of 
some controversy over whether it should be 
classified as progressive paresis, even 
among physicians qualified in our speciality. 

The patient was a man in his early 50s who 
was physically inadequately developed with 
a delicate bone structure and underdevel- 
oped muscles, soft, flabby adipose tissue, and 
slack skin. Those arteries that could be pal- 
pated were markedly twisted and rigid, the 
action of the heart was weak and arrhythmic, 
and the urine was increased in volume and 
contained traces of protein. 

Intellectually, the following findings were 
observed: a loss of intellectual freshness and 
liveliness, progressing slowly, almost imper- 
ceptibly, in the course of the preceding years; 
temporarily, in individual situations, no loss 
of judgment or consistency in carrying out a 
plan once it was decided, although he had 
previously been highly developed intellec- 
tually and perspicacious. However, these 
times of high performance were followed by 
periods of extreme physical and intellectual 
sluggishness varying in duration, with apa- 
thetic, intellectually sluggish behavior and a 
pathologic tendency to sleep and with a 
sharply distinct lack of capacity for any intel- 
lectual effort. His judgment became blurred, 
his memory was impaired, in some areas se- 
verely, and the patient was weak willed, in- 
decisive, and, at these times, ethically want- 
ing. His mental impulses were confined to 
the satisfaction of base, sensual needs, which 
refer to culinary or sexual pleasures, Most 
aesthetic and ethical judgment left the pa- 
tient during the satisfaction of these wishes; 
he was extravagant, cynical, lascivious, emo- 
tionally labile, and abnormally excitable 
emotionally. 

The periods of capability became increas- 
ingly shorter and were gradually restricted 
to only a few hours of the day, eventually 
ceasing altogether. However, even in later 
stages of the course of the illness, an unantic- 
ipated, almost lightning flash of his earlier 
intellectual powers would be observed—to 
everyone's amazement —showing that while 
the energy needed for intellectual perfor- 
mance was severely impaired, the individual 
elements of the earlier intellectual assets 
were not completely lost and could on occa- 
sion be brought together to provide a contin- 





uous train of thought. 

The course of the illness was also charac- 
terized by attacks of giddiness, momentary 
episodes of unconsciousness, lengthy periods 
of clouded consciousness, incoherence, loss 
of orientation, hallucinatory agitation, and 
passing manifestations of paralysis affecting 
isolated segments of the body musculature 
(eg, impaired ability to swallow and to speak, 
hemiparesis, and monoparesis). The pa- 
tients strength was progressively lost; the 
fatal outcome was precipitated by an inter- 
current illness (pneumonia). [Editors note: 
The third part of the article, “Continuation, 
Conclusion.” | 

In the above sketch of the course of illness, 
I have taken, as a basis, a case that ended in 
death within 2 years as a result of episodes of 
illness following each other in quick succes- 
sion. An essential point I should like to stress 
is that despite this rapid progression of intel- 
lectual wasting, the intermittent course of 
the condition was unmistakable up to the last 
months of the patient's life and as a result of 
these —later admittedly short-term —remis- 
sions, the signs of intellectual loss seemed 
substantially less pronounced than suggest- 
ed by his behavior the rest of the time. We 
can conclude from this that during the course 
of the illness, numerous processes of fatigue 
and inhibition (fluctuations in brain pres- 
sure, manifestations of compression, and 
passing nutritional disturbances) supple- 
mented the manifestations of deficiency. If 
these sometimes temporarily disappear, the 
differential diagnosis against progressive pa- 
resis is ensured. The latter, as is known, also 
involves remission periods varying in dura- 
tion. They do not, however, start so suddenly 
and unexpectedly as in arteriosclerotic brain 
degeneration. Rather, they represent a long- 
er or shorter stagnation of the disease, dur- 
ing which a relative recovery of the intellect 
proceeds only slowly, and, even at the most 
pronounced point of the remission, the im- 
pairment of intellectual performance condi- 
tioned by the previous episode of illness 
remains clearly recognizable as an irremedi- 
able defect. The patients, I suppose, gradual- 
ly learn to live with their remaining intellec- 
tual abilities and are capable of simple 
thought processes; the permanent. losses, 
nonetheless, exclude the possibility to ac- 
complish complicated intellectual perfor- 
mances comparable with those of the time 
when they were still in good health. 

This difference between the two illnesses 
is very probably conditioned by the different 
natures of the anatomic processes in each: 
general paresis has a diffuse onset and, at 
least in the cases with a chronic course, is 
primarily an atrophic degenerative type of 
brain disease, which does not lead to signs of 
illness in the area of intellect until a large 
number of the finest associative connections 
have already been irrevocably lost. Arterio- 
sclerotic brain degeneration, in contrast, 
starts in a focal way and most probably leads 
to only circumscribed areas of degeneration 
of the different types of fiber systems of the 
cerebrum. 

Those cases of illness that belong, judging 
by their clinical course, to the second group, 
show the following characteristic features: 
the onset of illness is the same as in the first 
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group, but the course of the illness is far more 
protracted, as there are remissions lasting 
for some months or even years between the 
individual episodes of iliness, which are en- 
tirely similar in type to those encountered in 
the first group. 

The patients then exhibit a clinical picture 
that includes abundant traits related to both 
postapoplectic dementia and dementia para- 
lytica. It is characteristic for these stages of 
relative stagnation of the disease that the 
intellectual abilities are reduced. Of course, 
this appears in quite different ways, depend- 
ing on the point at which such a resting phase 
happens to be observed. Quite a different 
stock of intellectual assets will be found in 
such a patient if he is examined in the early 
stages than if an intelligence test of this kind 
is performed after a long disease duration 
with numerous episodes of illness. In gener- 
al, it is possible to say that in these cases with 
a protracted course, in which the individual 
acute and subacute episodes of illness can be 
far apart, the manifestations of the losses 
sustained are much more obvious than in the 
first group. 

It is primarily the memory that is im- 
paired, in a way analogous to that with which 
we are familiar from other acquired states of 
mental weakness. Facts from the past, be- 
fore the onset of the disease process, can be 
recalled relatively well, although closer ex- 
amination can disclose all sorts of gaps and 
errors even in memories from this period. 
The capacity for remembering figures and 
names is particularly badly compromised. 
The memory defect is far more obvious in its 
bearing on the immediate past. Even impor- 
tant events have been erased from the mem- 
ory after a few days. 

In later stages, the patients are operating 
in the present as though they were persons 
for whom there are only new and unaccus- 
tomed experiences every day. They there- 
fore find it difficult to manage in these con- 
stantly changing living conditions. Because 
the patients’ attention, that is, the ability to 
absorb and retain sensory impressions, is 
also profoundly impaired, their efforts are 
frequently in vain. The patients are disorien- 
tated and confused about their surroundings, 
identifying places and persons with others 
remembered from the time before they were 
ill. 

The patients’ weak judgment is very obvi- 
ous once many memories are lost and the 
associative links between the remaining ones 
are deeply impaired. This weakness varies, 
of course, with the degree of impairment 
suffered by the aforementioned components 
of intellectual performance. 

In many cases, a credulous or light-heart- 
ed attitude toward important decisions, pre- 
senting a gross contrast to an earlier keen 
judgment, is the first obvious sign of the 
intellectual defect, when a remission period 
occurs early in the disease after only a few 
episodes of illness. The mental impoverish- 
ment in the area of judgmental associations is 
much more pronounced in the later stages. 
Any business arrangements are completely 
obscure and nonsensical and fortunately are 
nipped in the bud, because it would be impos- 
sible to implement them. However, even the 
less responsible, ordinary arrangements 
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that have to be made in everyday life are 
seriously affected. The patients are untidy, 
negligent, and indifferent to the laws of de- 
cency and propriety. The mental impoverish- 
ment ultimately leads to the complete ab- 
sence of thought and judgment, typified 
outwardly by apathetic brooding. Any oral 
utterance is restricted to repetition of isolat- 
ed, completely unconnected words. 

The patients’ mood in the later stages is 
generally dull and indifferent, as the sensory 
and intellectual nuances of feeling have been 
destroyed for the most part, in keeping with 
the general disintegration of the intellect. In 
the earlier stages, in contrast, pathologic ac- 
centuations of affect are almost a regular 
part of the clinical picture. Cheerful, angry, 
and anxious affect occur in any order, in a 
similar way to that seen in paresis. However, 
the euphoria typically seen in paresis is ab- 
sent, particularly in the initial stages. Even 
in the later course, however, the patients 
very frequently still have a good insight into 
their illness and accordingly have a mourn- 
ful, occasionally even despairing mood that is 
quite in keeping with the patients’ awareness 
of the illness. 

The many points of contact with the course 
of paresis with dementia are unmistakable, 
but the physical symptoms will make it con- 
siderably easier to draw a distinction. It is 
true that the motor impairment is the same in 
many points in the two conditions: central 
paralysis of the faciai nerve, of the hypoglos- 
sal nerve, and of the musculature of the trunk 
and extremities is also a part of the clinical 
picture of arteriosclerotic brain degenera- 
tion. In the earlier stages, these are mainly 
monoparetic and hemiparetic manifesta- 
tions, while later a general enfeeblement of 
corticomotor performance is present, admit- 
tedly with impairments on one side of the 
body predominating. During voluntary 
movements, there is usually an intention 
tremor—more or less pronounced—and 
ataxias are also observed, particularly fol- 
lowing episodes of illness. 

In contrast, in the unmixed cases, the pu- 
pillary reaction is not impaired, and the pa- 
ralysis of the outer ocular muscles or the 
speech disturbance that are characteristic of 
paresis are not present. Speech becomes 
slow and more awkward and clumsy, but the 
hesitation, stumbling over syllables, slur- 
ring, and transposition of individual conso- 
nants or syllables are lacking. Aphasias can 
also be observed intermittently, again in the 
course of or subsequent to the paroxysmal 
processes of the disease. A closer analysis of 
these reveals that they are motor and senso- 
ry disturbances, but mostly so-called trans- 
cortical (paraphasic) aphasie disturbances. 
Optic aphasia (word blindness) is also inter- 
mittently observed. 

The course of the illness in these cases is 
oceasionally also characterized by the mani- 
festations of a pronounced apoplectic insult, 
with lasting symptoms of motor deficiency on 
one side of the body during an episode of the 
illness. In this case, a superficial consider- 
ation will hardly allow discrimination of the 
condition from the secondary demented 
states following focal illness of the brain. 

“loser inspection, particularly consideration 
of the overall development, will then make 


the diagnosis of arterioselerotic brain degen- 
eration possible. 

In fact, however, it should not be denied 
that from the aspect of pathogenesis, the 
focal illnesses based on arteriosclerosis 
(hemorrhages, embolic, and thrombotic soft- 
ening) have equal weight with the form of 
illness described herein as generalized arte- 
riosclerotie brain degeneration. The anatom- 
ic and clinical differences stem from the mul- 
tiple or even miliary character of the foci of 
softening and the extensive degeneration of 
the cortex and white matter linked to this 
process. This association also explains why 
mixed forms are quite common, as the mili- 
ary foci are joined by larger ones with stable 
manifestations of deficiency. 

Because this arteriosclerotic degeneration 
almost always begins on the borderline be- 
tween the prime of life and the onset of senile 
involution (in the early 50s), its discrimina- 
tion from simple senile dementia is also prob- 
lematic, especially in the early stages. 
Arteriosclerotic degeneration can be differ- 
entiated by the initially relatively fast pro- 
gress of the disease and the intermittent 
course from conventional senile dementia. I 
am convinced that the majority of the contro- 
versial cases in which the diagnosis oscillates 
between paresis and so-called premature se- 
nility [editors note: original term used was 
“senium praecox”| belong in this category. 

Į should like to stress again that the arte- 
riosclerotic disease of the kidney that is fre- 
quently present can be an important factor in 
determining the diagnosis. It is therefore 
essential to insist on a investigation. The full, 
hard, tense nature of the pulse will also help 
to ensure the diagnosis. Pronounced hyper- 
trophy of the heart is not always present, 
even when kidney disease exists; the reason 
for this mostly has to do with the brown 
atrophy and fatty degeneration of the myo- 
cardium that are detectable on autopsy. 

During the same period of life, we encoun- 
ter cases of pronounced mental disintegra- 
tion that cannot be classified as paresis in 
either anatomie or clinical terms. I should 
like to classify cases of this kind under the 
heading “simple presenile dementia.” 

This condition usually affects persons in 
whom intellectual development has re- 
mained at a relatively low level. While such , 
people cannot be described as feeble minded 
in the usual sense of the term, such individ- 
uals do show a certain imperfection in mental 
development, which is characterized by an 
inability to see tasks through to their comple- 
tion, so that they fail financially, and in some 
cases morally, at every turn and by the fact 
that these people are prematurely defeated 
among the everlasting toil and trouble of ex- 
istence. Often, such people are only in their 
late 40s or early 50s when their keenness of 
judgment — which is hardly exceptional any- 
way —is restricted further, to such an extent 
that it is obvious even to someone who is not 
particularly close. Their creative ability 
wanes. The man who was always restless and 
busy becomes apathetic, weak willed, and 
rather indifferent; considerable gaps in 
memory become obvious; the posture is 
slack; the speech is monotonous and tremu- 
lous; and the movements of the extremities 
are limp and accompanied by a slight static 
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and ataxic tremor. Some gross commercial 
failure —for example, the inability to contin- 
ue keeping accounts, obvious errors in the 
administration of the petty cash, or nonsensi- 
cal, pointless orders—leads to a storm and 
compels these persons to renounce even the 
last remnants of apparent work. Easy me- 
chanical occupations or, in the case of educat- 
ed persons, the study of books and periodi- 
eals, but above all their anxiety over food and 
drink, fill up their day. They need constant 
supervision, because in their pathologic 
overestimation of their own abilities, espe- 
cially under the influence of slight emotional 
excitement, they independently act in an in- 
expedient manner or, because of their se- 
verely weak judgment and will, can be led 
into dangerous and even illegal actions by 
other people. 

What these patients have in common with 
those affected by paresis is mental disinte- 
gration with the loss of finer aesthetic and 
ethical ideas. At the peak of the illness, they 
overlap with the clinical picture of simple 
paretic dementia. Nonetheless, they differ 
from full-blown paresis in that the typical 
somatic signs of illness are absent; the pupil- 
lary reaction may be rather more sluggish, 
but I have never observed an actually nonre- 
active pupil in such cases of presenile demen- 
tia. The speech is tremulous and often rather 
nasal and less clear; the typical hesitation or 
falling over syllables is absent in these cases. 
The facial area is weakly innervated, but 
there are no clearly defined signs of paraly- 
sis, such as those that are peculiar to fully 
developed paresis. The knee phenomena 
[editor’s note: patellar tendon reflexes] are 
always overactive. The further course also 
differentiates these patients from those with 
typical paresis, as the progressive character 
is hardly pronounced; the patients remain in 
this same state of mental dullness and physi- 
cal weakness for many years, until some in- 
tercurrent illness finally brings about death. 
It is not rare for such patients to die of inter- 
nal hemorrhagic pachymeningitis of acute or 
subacute onset. 

There is one causative, clinical aspect that 
is of decisive importance for the differential 
diagnosis and that can easily be established 
by a careful elicitation of the history. In these 
cases, varying degrees of inhibition of devel- 
opment are encountered in the intellectual 
sector. The action of a particular noxious 
influence, such as intellectual overexertion, 
alcoholism, and syphilis, is by no means nec- 
essary for this mentally defective state to 
come about; such noxious influences [editor's 
note: “noxae”), however, would presumably 
exacerbate the central nervous system’s lack 
of resistance and accelerate the onset of the 
intellectual degeneration. 

Mixed forms are encountered here as well, 
as true manifestations of paretic illness may 
be added to the clinical picture described 
above. In such cases, we find changes 
brought about by the paresis on anatomic 
examination, while in unadulterated presen- 
ile dementia, examination reveals only the 
anatomic features of the elderly brain. 

An additional task still awaiting a solution 
is the discrimination of the cases character- 
ized above, based on their anatomic features, 
as chronic progressive subcortical encephali- 
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tis, from progressive paralysis. I want to 
illustrate this, too, with a case report. 

A factory owner in his late 40s, who had 
been infected with syphilis 26 years earlier, 
became ill after suffering from long-standing 
sciatic pain 12 years before and after also 
experiencing ptyalism, reduced sight in the 
right eye (disseminated choroiditis), giddi- 
ness that had begun some years earlier, se- 
vere left-sided headache, paresthesias (tin- 
gling, feelings of “pins and needles,” and 
numbness) in the right arm and right leg, and 
impairment of the finer coordinated move- 
ments of the right hand and fingers, which 
became manifest in uncertainty, clumsiness, 
and more rapid fatigability during writing 
and dressing and undressing. No reduced 
perception of touch or pain was detectable 
objectively in the affected extremities, nor 
did the patients perceptions of pressure, po- 
sition, or touch show any obvious attenua- 
tion. The coarse motor strength on the right 
side was also unimpaired. In addition, the 
patient complained of difficulty with his 
speech, specifically that he was often unable 
to express his thoughts precisely because the 
words escaped him. He often had to have 
recourse to circumlocutions, because the 
most appropriate word did not come to mind. 
No difficulty with articulation or paralytic 
speech impairment was present. At the same 
time, there were sleeplessness; an unhappy, 
hypochondriacal mood; and fear of becoming 
mentally ill. It was particularly distressing 
for him that sometimes when he was in the 
middle of a conversation not only would 
words fail him but his memory would break 
down completely. When he was relating his 
experiences in the German-French war, for 
example, he would suddenly have no memory 
of where he had been on a given occasion or of 
what he had done and seen. He was able to 
give a good, coherent account of anything he 
had just experienced and of his own cireum- 
stances and those of his family, and he was 
fully conscious of his condition. It was strik- 
ing that he found arithmetic calculations in- 
volving numbers with several digits difficult. 
Antisyphilitie treatments brought about a 
relative recovery—the headaches disap- 
peared, as did the disturbances in the ex- 
tremities, and the aphasic speech impair- 
ment diminished in severity, so that the 
patients speech failed briefly only in times of 
physical and mental fatigue. He went about 
his business as before, but he did not have his 
earlier mental freshness; not only did he tire 
more quickly, but his work was also inferior 
in quality, as his brother and business part- 
ner were soon able to observe. The aphasic 
disturbances had not been substantially in- 
fluenced by the antisyphilitic treatment. The 
reduction in intellectual capacity became 
more severe during subsequent years. The 
patient became more forgetful, especially as 
far as the immediate past was concerned. His 
judgment in business decisions dwindled in- 
creasingly, while the speech impairment pro- 
gressed and became distinctly paraphasic. 
His affect had become characterized by easy 
excitability with tendencies toward fits of 
anger and anxious, tearful agitation. When 
he was 53 years of age, he had to be admitted 
to an institution, as he had started to have 
more violent fits of agitation. The patient 


would get up during the night to look for: 
burglars, would talk excitedly, and, in an 
incomprehensible and disconnected manner, | 
would attempt to run into the street and, if 
prevented from carrying out his intentions, 
fly into a passionate rage. 

The following findings were recorded on 
admission on February 22, 1889, and in the 
later case history: scar on the right tonsil and 
left palatal velum; scar to the left of the frenu- 
lum preputii; no swollen glands; slight perios- 
teal deposits on both tibiae; markedly wind- 
ing arteries that were more rigid on the right 
side than on the left side; a pulse of 94 beats 
per minute; weak, pure heart sounds; normal 
cardiac dullness; and urinary acid that was 
free of protein. Pupils were average in width 
and were equal, and all pupillary reactions 
were perfectly prompt; eye movements were 
unrestricted; ocular fissures were equal; the 
left side of face and mouth were perceptibly 
more heavily innervated than the right side, 
which was obvious at rest, during activity, 
and in the adoption of facial expression; ir- 
regular blowing out of the cheeks—-some- - 
times more pronounced on the right, some- 
times on the left; obvious deviation of the 
tongue to the left side when protruded, and 
the tongue could also be easily protruded 
from the corner of the mouth; no tremor; 
motor strength in the upper extremities that 
was only slightly reduced on both sides; hand 
grip measured with a dynamometer on the 
right (75, 77, 95, 100, and 86) and left (55, 80, 
78, 70, and 80); very fine manual tremor; 
finer arm and hand movements, such as but- 
toning and unbuttoning, well maintained on 
both sides; motor strength in lower extrem- 
ities reduced on both sides, decidedly more 
severely on right than on left; normal gait; 
and absent Romberg’s sign. 

The patient's speech was completely dis- 
connected and incomprehensible. He would 
string words together in an absolutely mean- 
ingless way. When he was shown a spoon, he 
called it a “school,” then shook his head, obvi- 
ously trying to find the right word. When 
“spoon” was said to him, he agreed at once 
and murmured the word spoon several times. 
The ability to repeat proved to be intact, and 
verbal comprehension was seen in easy exer- 
cises to be relatively well preserved. A series 
of objects was shown to the patient, and he 
was asked to give one of them, specified by 
name, to the physician. In most eases, he 
selected the correct object; occasionally, for 
example, when the word “pencil” was speci- 
fied, he looked at the physician in amazement 
and did not point to the pencil right in front of 
him. During one attempt, he confused pencil 
and pen. When asked to show his tongue or to 
hold out his left or right hand, he was able to 
do so correctly. 

Physician: “Where is my ring?” Patient: 
“My — your —ring?” (looks at his hand). Phy- 
sician: “Point to my ring!” Patient draws a 
ring in the air with his finger. Physician: 
“Point to my ring on my left hand!” Patient 
looks at his left hand. 

The patient’s verbal designation of objects 
held up to him was variable, as seen by the 
following exchange: A clock is held up. “That 
is... well, I really don’t know—Erfurt—in 
Erfurt.” A hat is held up. “A hat.” A ring is 
held up. “That’s a hat too.” A glove is held up. 
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Thats a dog—shoe—paltry.” An inkwell is 
held up. “Loaf of bread.” Physician: “No it’s 
not bread.” Patient: “Nay, the blue thing. . . 
.” (The inkwell looks blue.) A pen is held up. 
“Pen.” A purse is held up. “That’s—I don’t 
know~-200 and some. Thats nice isn’t it.” 
Even when touching the purse, he does not 
come upon the correct word for it. A thaler (a 
coin) is held up. “A thaler.” A one-mark piece 
is held up. “Thats a 20—a silver penny, no, 
two.” A cuff is held up. “Cuff” (quickly). He 
was not able to come up with the word for key 
but made the correct motion of unlocking. 

When objects were put into his hand for 
him to examine them by touch while keeping 
his eyes closed, he identified them correctly 
and incorrectly, using paraphasic names in 
approximately the same proportions as on 
sight of them. It was obvious that his ability 
to identify objects from the way they feel was 
intact, because, while he sometimes gave 
identified an object incorrectly, when it was 
put into his other hand, he remarked correct- 
ly, “That’s the same thing.” 

When reading, the patient skipped over 
words and phrases and rearranged others in 
such a way as to sound fantastic. For exam- 
ple, instead of “We should have preferred 
them to elect a Frenchman, one of our broth- 
ers in the faith, but they have followed their 
hearts and we accept this” (large print in 
newspaper), he read the following: “We 
should have had a Negro brother in the 
faith—it is a repulsive story—and their 
heart’s decision up to early us.” Further mis- 
takes arose from the fact that the patient 
often wandered from one line to the next. 

Although he was able to understand the 
request “Give me your left hand” correctly if 
he took his time, he did not comply withit. He 
consistently read isolated letters correctly 
when they were written for him. The patient 
was usually able to read numbers with three 
digits correctly, but they were displaced and 
confused when there were four or more. 

The patients writing ability was impaired. 
He often wrote down his own name spontane- 
ously and correctly, but sometimes individ- 
ual letters were omitted or inappropriate 
ones were inserted. From dictation, he wrote 
“Schnurrbart” (moustache), for example, as 
“Schurpaupa” and then, at the next attempt, 
as “Schutt . . . ,” with a few completely 
illegible and incomprehensible letters. The 
patient wrote the word “Licht” (light) cor- 
rectly from dictation. The ability to copy was 
also severely impaired. Instead of “Schnurr- 
bart,” he wrote “Nachbar Baupahrer,” then 
“Nannhbarbobiterin,”, and, finally, com- 
pletely illegible signs. 

Sensitivity to pain was retained consis- 
tently; sensitivity to touch could not be pre- 
cisely tested. The smell of Peru balsam and 
NH, was apparently perceived on both sides. 
Words spoken quietly from half a yard away 
were heard with both the right and the left 
ears. On hearing the ticking of a clock while 
keeping his eyes closed, the patient conclud- 
ed promptly, “Thats a clock.” No great im- 
pairment of the sense of taste could be 
demonstrated. 

Facial expression was quite intelligent, al- 
though a little perplexed and surprised. If 
anyone smiled at him or put out his hand, he 
smiled cordially and shook the proferred 
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hand quite politely, making a correct half- 
bow. Sometimes he clasped his hands togeth- 
er, and his face assumed a piteous expres- 
sion. He rolled his eyes upward and tried to 
make something clear to the physician, but 
the paraphasia was so severe that it was 
impossible to understand what he wanted to 
say. 

On February 24, 1889, the patient was 
very restless during the night, was out of bed 
a great deal, and was anxious to reach the 
door. The following dialogue took place the 
next day: Physician: “Who am I?” Patient: 
“You're the . . .” Physician: “Vicar?” Pa- 
tient: “No.” Physician: “Doctor?” Patient: 
“Yes.” 

The patient was often tearful and anxious, 
even during the daytime, and when asked a 
question, he frequently repeated some word 
in it, as if automatically. On February 28, 
1889, he sang the melody to “Kommt ein 
Vogel geflogen” (without the words) right 
through, quickly and without any mistakes. 
At the end he said “I’ve had a lot to do with 
music.” 

On March 3, 1889, the patient showed in- 
creased restlessness. Only occasionally did 
he sit still for a few minutes; otherwise, he 
kept walking about everywhere with long 
strides as though looking for something. 
When anyone tried to stop him, he said, “Oh 
my God, just let me go. All the day ’m—just 
be so kind once again.” 

On March 4, 1889, the patient was quizzed 
with the following math problems: 3 x 2? Pa- 
tient: “7? 3x3? Patient: “9.” 7x8? Patient: 
*3x3,3x3=9." 

On March 7, 1889, it was established that 
the patient was no longer able to play the 
piano. On March 12, 1889, when the patient 
was scolded violently, he sometimes used 
words correctly that he otherwise uttered in 
inappropriate context. On March 15, 1889, 
there was no constant pattern in the misuse 
of words. The patient very frequently used 
conventional phrases instead of saying what 
he wanted to say. When he read over what he 
had written down during a spell of parapha- 
sia, he noticed his own spelling mistakes. On 
March 21, 1889, the patient put on his clothes 
in the wrong order. 

On April 7, 1889, the patient sometimes 
went up to one of the other patients and paid 
a compliment. His bearing often gave the 
impression that he thought that he was at a 
social gathering. On May 1, 1889, it was not- 
ed that now and then he had a slight list to the 
right. On June 1, 1889, the patient was quite 
often noted to be very noisy during the night. 
On July 12, 1889, the patient probably recog- 
nized a relative correctly, judging from his 
facial expression, but he addressed him by 
the wrong name. 

On March 4, 1890, the patient seemed to 
have recognized the physician he had previ- 
ously seen during a visit. On May 1, 1890, the 
patient had recently started to repeat words 
wrongly as well. He often made automatic 
rubbing movements with his hands against 
his thighs. On July 1, 1890, the patient was no 
longer able to write his name correctly. On 
April 10, 1891, the test of verbal comprehen- 
sion was administered as on admission. He 
read “Weimarische Zeitung” as “Zeitung— 
Schornische” and “Amtliche Nachrichten” as 


“Amtlich.” The patient did not read any far- 
ther. When he was asked to write from dicta- 
tion, he wrote down only isolated letters cor- 
rectly. In spontaneous writing, he also 
managed only isolated letters followed by 
illegible lines. When copying, he wrote only 
the first letter correctly and then added some 
inappropriate ones. The patient was fre- 
quently incontinent. 

On February 18, 1892, the patient suffered 
an epileptic fit in the morning, with an initial 
ery, followed by tonic-clonic movements of 
short duration, and then coordinated thrash- 
ing of his arms and legs. Afterward, he slept 
for several hours. His temperature was 
37.4°C. At 2 PM, the patient vomited; at 4:30, 
he soiled himself. 

On February 19, 1892, the patient was 


restless and incontinent during the night, - 


showed no impairment of cutaneous reflexes 
or tendon phenomena, reacted to symmetri- 
cal pin pricks, showed innervation of right- 
and left-sided muscles, showed no gross im- 
pairment of sight and hearing, and exhibited 
a somewhat reeling gait. 

On June 7, 1892, the patient experienced a 
second epileptic insult, which was followed 
by violent agitation. The patient threw him- 
self about the bed and thrashed. On Decem- 
ber 6, 1892, the knee-jerk reflex could no 
longer be elicited. The patient had a tem- 
perature of 39.2°C in the evening, accompa- 
nied by diarrhea. On January 10, 1893, the 
patient appeared dull, apathetic, and very 
weak. On March 10, 1893, direct and indirect 
pupillary reactions were retained on both 
sides. The patient was more sluggish, exhib- 
ited divergent strabismus on the left side, 
had moderate knee-jerk reflexes on both 
sides, was sensitive to pain throughout his 
body, no longer complied with even simple 
requests, no longer was able to name objects 
held up to him, was able to repeat “Buch” 
(book) and “Hut” (hat), exhibited a pro- 
nounced weight loss, had to be fed, was com- 
pletely incontinent, and had a fluctuating 
body temperature often noted in the 
evenings. 

On June 8, 1893, the patient remained in 
the decubitus position and had a temperature 
of 39.3°C, His respiration had slowed and his 
face was very flushed. On June 6, 1893, at 9 
PM, the patient died. A postmortem exami- 
nation was performed on June 7, 1893, at 11 
AM by Professor W. Miiller. 

The following information was taken from 
the report: Spinal cord: roots white; cervical 
spinal cord flat; substances of all kinds ex- 
tremely pale; the posterior bundles beside 
the raphe pale grayish yellow. Upper thorac- 
ic spinal cord: anterior bundles white; gray- 
ish red—tinged radial striation of lateral bun- 
dies almost throughout, except for the 
mediolateral part; posterior bundles gray. 
Lower thoracic spinal cord: anterior bundles 
white; the right lateral bundle, more than the 
left, reddish gray, particularly in the posteri- 
or third; posterior bundles pale reddish gray 
in the anterior half, yellowish gray in the 
posterior half; gray matter very pale. Lum- 
bar spinal cord: flat; anterior bundles white; 
reddish gray striation of lateral bundles, es- 
pecially toward the gray matter; posterior 
bundles gray; gray matter very pale; central 
channel unrecognizable throughout. Soft me- 
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ninges: thin, except for isolated, highly insig- 
nificant opacities of the arachnoid mem- 
brane; pronounced external hydrocephalus; 
frontal gyri obviously narrowed, with in- 
creasing intensity from back to front; dura 
basalis covered with reddish yellow spots of a 
gelatinous substance in the anterior and me- 
dial parts of the cerebral cavity. Brain 
weight: 1285 g. 

Only isolated, insignificant opacities were 
seen in basilar arteries. The lateral chambers 
of the brain were very considerably expand- 
ed, especially the inferior horn; the cerebrum 
was pale throughout; and the gray matter 
was rather thin in the frontal part. The white 
matter of the lower parietal lobe and of the 
upper and lateral parts of the temporal lobe 
was extremely wasted, especially on the left 
side. Expansion of the lateral ventricle ac- 
cordingly affected mainly the initial sections 
of the posterior and inferior horns; the epen- 
dyma was markedly thickened; and there 
were no signs of focal disease. (The more 
detailed examination of the brain by means of 
serial sections to determine the extent of 
medullary fiber wasting will be discussed lat- 
er in conjunction with the discussion of other 
relevant cases.) 

After hardening of the brain in potassium 
dichromate, the wasting of the white matter 
in these parts was particularly distinct. The 
posterior part of the hemisphere was consid- 
erably more severely reduced in size on the 
left compared with the right side. In a cor- 
onal section obtained approximately through 
the middle of the posterior branch of the 
sylvian fissure and the posterior margin of 
the operculum, the right half of the hemi- 
sphere had a maximum width of 8.7 cm, while 
the width of the left half at the same point 
was only 7.3 em, 


The above case history can be summa- 
rized as follows: Infection with syphilis 
in the mid-20s; first upsets affecting the 
nervous system (sciatic nerve) at 40 
years of age; ptyalism for 1.5 years 
starting at age 44 years; disseminated 
choroiditis at age 48 years; first signs of 
brain disease also at age 48 years, with 
those of motor aphasia and later of para- 
phasia being the most pronounced; par- 
aphasia and dysgraphia, paralexia and 
dyslexia; increasing loss of memory, 
confusion, incoherence, and overexcite- 
ment, while linguistic difficulties re- 
main almost stable; at age 56 years, two 
epileptic insults; increasing intellectual 
deterioration; at age 57 years, final dis- 
integration of strength and, finally, 
death. Postmortem examination re- 
vealed slight arteriosclerosis; diffuse 
disease of the spinal cord; no macroscop- 
ically recognizable syphilitic infection of 
the cerebral arteries; no substantial lep- 
tomeningitis; severe wasting of the 
white matter of the parietal and tempo- 
ral lobes, especially on the left side; and 
moderate atrophy of the cortex of the 
frontal lobe. 

The development and the course of 
the illness also suggest that the disease 
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process must have destroyed parts of 
the medullary fibers in the left hemi- 
sphere, specifically the following tracts: 
(1) between the centers for image for- 
mation and the acoustic speech center 
and between these and the reading and 
writing centers; (2) between the read- 
ing and writing centers and the acoustic 
speech center; and (3) between the 
acoustic and the motor speech centers. 

In keeping with this extensive, but 
functionally and anatomically only frag- 
mentary, destruction of association fi- 
bers, the aphasic symptoms are very 
varied and equivocal. It includes a mix- 
ture of features that are characteristic 
of both transcortical and intercenter 
tract aphasias. At this stage, of 
course—before precise and thorough 
examination of the brain —it is quite im- 
possible to say whether it is exclusively 
association and interhemispheric fibers 
that are destroyed or whether projec- 
tion fibers are also affected. Even the 
macroscopic findings allow the conclu- 
sion that the latter is probably true. The 
speech impairment would then be at- 
tributable in part to the latter explana- 
tion, and signs of an incomplete agnostic 
sensory aphasia and alexia could accord- 
ingly be expected to be added to the 
disturbances listed above. (Herein, I 
make use of the terms used by Ziehen in 
his clear and well-structured treatment 
of aphasia for the individual aphasic con- 
ditions [“Aphasie,” in Real Encyclopae- 
die, 3rd ed].) 

We can be sure that further in the 
course of the illness, the wasting of the 
nerve fibers is not confined to the re- 
gions of the brain specified above. The 
final intellectual disintegration sug- 
gests that innumerable tracts in the en- 
tire medulla of the hemisphere have 
been damaged and ultimately destroyed 
on both sides of the cerebrum. The in- 
volvement of the intracortical conduc- 
tion fibers can also only be established 
by means of precise histologic examina- 
tion. As seen from the sectional investi- 
gation mentioned above, the spinal cord 
is also affected by the degenerative 
processes. 

I shall have to be content with this one 
example here. I hope to be able to give a 
more detailed account of this condition 
eventually, based on a full and accurate 
description of eight relevant cases. 
These vary in some features; the charac- 
teristics common to all and peculiar to 
this condition are as follows: onset of 
illness on the threshold of old age (early 
50s) or actually in the senium (early 
60s); slow development of the deteriora- 
tion of the intellectual capacities, no- 
ticeable primarily in the gradually pro- 
gressing difficulty in association and 
ultimate loss of the associative connec- 








tion between particular sensory areasin 
the cortex or motor segments (as inthe 
case described above); hemiamblyopia 
or hemianopsia; and hemiparesis with 
loss of perception of pressure, position, 
and touch. At the peak of the illness, 
these symptoms of deficiency are quite 
stable and are associated with a general- 
ized and unremittingly progressive re- 
duction of intellectual ability; the pa- 
tients mental operations are later 
restricted to an extremely small scope. 
All more ambitious intellectual inter- 
ests start to fade and eventually a state 
of severe intellectual devastation devel- 
ops, in which the patient is devoid of any 
independent will power and either lies 
in bed in an apathetic, glazed manner 
with a completely stupefied facial ex- 
pression or, if they have been washed 
and dressed, walk about the room with- 
out aim or purpose. If I may be allowed 
to make a comparison at this point, 
when they reach this terminal stage, the 
patients are like the decerebrated ani- 
mals used by Goltz in his experiments. 

Apoplectiform fits occur during the 
course of the illness, corresponding in 
their mildest form to attacks of giddi- 
ness and fainting and characterized in 
more complicated forms by uncon- 
sciousness varying in duration and by 
paralysis on one side of the body with 
corticomotor irritation (clonic twitch- 
ing) in the paretic muscles and fully de- 
veloped manifestations of aphasia (mo- 
tor and sensory aphasia, dyslexia, optic 
agnosia, word blindness, ete). Full- 
blown epileptic fits are occasionally also 
seen as part of the clinical picture, Fur- 
thermore, prolonged phases of psychic 
agitation develop, sometimes lasting 
weeks or months, during which the pa- 
tients show increased motor agitation 
(restless rushing about and loud shout- 
ing), sleeplessness, choleric irritability, 
complete incoherence, confusion with 
acceleration of the imagination, and in- 
numerable misperceptions. The course 
of the illness is extremely protracted (10 
years or longer) in the majority of cases. 
There is often a remission lasting for 
some years; the illness is then wrongly 
interpreted as a focal affliction (soften- 
ing, hemorrhage, or embolism) of par- 
ticular regions of the cortex with subse- 
quent dementia, as a consequence of the 
localized and stable deficiencies. Death 
occurs during an apoplectiform fit, as a 
result of some intercurrent illness, or ` 
during the terminal stage of dementia as 
a direct result of decubitus, marasmus, 
and cardiac arrest. 

These cases differ from paresis (1) in 


the stable manifestations of deficien- 


cies; (2) by the peculiar development of 
the intellectual defect (patchy loss of 
memory, difficulties with connections, 
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and breakage of connections between 
' the individual corticomotor and cortico- 
|. sensory centers); (8) in the characteris- 
> tic course (the average duration of ill- 


ness is much longer than in typical 
paresis); and (4) in the postmortem 
findings. 

Clinical differentiation from arterio- 


: sclerotic brain degeneration is possible 


based on the following: in the former 
condition, the focal manifestation of a 
transitory nature and the deficiency 
symptoms indicate a diffuse affliction of 
the brain from the very beginning, 
while in the latter the disease process 
initially has a circumscribed character 
confined to particular regions of the 
hemisphere, so that isolated deficiency 
syndromes of the type described domi- 
nate the clinical picture from the start. 
Given the close relationship between 
the anatomic processes, there are 
doubtless also intermediate forms in 
which the stable deficiency symptoms 
that are restricted to particular sensory 
or motor functions are less pronounced 
and relatively inconspicuous compared 
with the general intellectual defect pre- 
cipitated by the generalized nerve fiber 
wasting and/or loss of associative con- 
nections. Postapoplectic dementia bor- 
ders on this form of illness. The clinical 
picture differs from that of the first- 
named condition both in the develop- 
ment (the acute onset of illness with 
fully developed apoplectic insult) and in 
the course (stable character of the clini- 
cal picture with regard to both the local- 
ized manifestations of deficiency and 
the intellectual defect). In particular, 
however, the postmortem findings are 
quite different. It is not difficult to dif- 
ferentiate this postapoplectic dementia 
from typical paresis in the majority of 
cases. The development and the partic- 
ular form of the intellectual defect, the 
manifold changes, and the peculiar asso- 
ciation of somatic and psychic manifes- 
tations of illness, like the course, are 
sufficiently characteristic in general pa- 
resis to guard against such confusion. 


Syphilitic focal disease, in contrast, quite 
often is difficult to diagnose. Pronounced fo- 
eal symptoms, eg, motor aphasia, hemipare- 
sis, and hemianopsia, varying in duration are 


_ -known to occur in both disease processes, 
`- although they are completely different ana- 


tomically. Discrimination between the two is 
especially difficult in the initial stages, when 
the intellectual defect peculiar to paresis is 
not yet pronounced. Subsequently, it is al- 
most impossible to differentiate paresis with 
‘an acute onset and fulminant course from the 
syphilitic focal disease that is associated with 
“extensive gummous meningitic processes 
and has led to severe generalized signs and 
symptoms (prolonged spells of profound inhi- 
bition of thought or incoherence, hallucina- 
tory agitation, etc). The differential diagno- 
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sis is more difficult, because certain somatic 
manifestations of response and of deficiency 
are characteristic of both conditions—paral- 
ysis of individual external optic muscles, oral 
branch of the facial nerve and the tongue, 
hemipareses of the extremities, and clonic 
twitching in the paretic muscles. Ifthe inter- 
nal ocular muscles are intact, so that the 
pupillary reaction is not impaired, or if only a 
unilateral pupillary impairment is present — 
with simultaneous disturbance of the reac- 
tion to light and the accommodation reac- 
tion—cerebral syphilis is more likely. It can 
become almost impossible to differentiate ce- 
rebral syphilis from the prodromal or initial 
stage of paralysis when bilateral nonreactiv- 
ity of the pupils, manifestations of intellectu- 
al fatigue or exhaustion, recurrent head- 
aches, and hypochondriacal depression are 
present. In such cases, a decision as to the 
diagnosis is only possible following most pre- 
cise observation of the course of the illness 
and, above all, of the influence of antisyphili- 
tic treatments. However, it must never be 
forgotten that, in keeping with the anatomic 
demonstration of the simultaneous presence 
of specific and postsyphilitic brain disease, 
the clinical features of both conditions can 
also occur together at an early stage, thus 
making discrimination impossible. 

Differential diagnosis between alcoholic 
and paretic dementia has long concerned psy- 
chiatrists. The very term alcoholic pseudo- 
paresis is an indication of the close clinical 
kinship of the two illnesses. The mental dev- 
astation, lack of judgment, and dulled affect 
can certainly have the same qualities in both. 
The somatic manifestations, too, are similar 
to those of paresis, especially in the cases of 
alcoholic dementia with concomitant neuritic 
disease affecting peripheral nerves; paraly- 
sis of the facial and hypoglossal nerves, pa- 
retic weakness of the muscles of the ex- 
tremities and trunk, tremor, impaired con- 
ductivity, and suppression of the tendon re- 
flexes provide ample opportunity for confu- 
sion. However, if the pupillary movement in 
response to light stimuli is not impaired, if 
the speech, while tremulous, is not hesitant, 
and if the patient is mentally dull but does not 
show the lack of judgment typical for those 
affected by paresis with respect to the entire 
complex of self-images, then the diagnosis 
will tend toward alcoholic dementia. None- 
theless, it is mostly the course of the illness 
that shows us whether our diagnosis is cor- 
rect. Even severe forms of alcoholic demen- 
tia are amenable to cure or recovery if the 
noxious influence —the abuse of spirits—can 
be avoided, while paresis with progressive 
dementia never shows remissions. The so- 
matic features of alcoholic pseudoparesis, too 
(tremor, paresis, loss of tendon reflexes, and 
impaired sensitivity), especially when pre- 
cipitated by a peripheral nerve disease, can 
be completely reversed. In such cases, how- 
ever, we must always bear in mind that the 
boundaries between alcoholic and paretic de- 
mentia are fluid. 

Recently, cases of psychosis have been de- 
scribed that have occurred following acute 
(toxic?) [editors note: authors parentheses] 
polyneuritis. These cases are characterized 
by marked psychic agitation, incoherent and 
agitated succession of images with loss of 


orientation, and poor memory for the recent 


past (Korsakoff). These psychic disturbances 
are encountered in an analogous form in 
cases of paresis with an acute course, so that 
the two conditions can be confused if the 
signs of polyneuritis are overlooked or can- 
not be observed because of high-grade men- 
tal agitation and confusion in the patient. 

The only one of the different clinical variet- 
ies of paresis that needs to be mentioned 
separately is taboparesis. If paretic disease 
accompanies classic tabes that has already 
been present for some years, the course of 
the paralytic disease is often very prolonged 
(lasting 8 to 10 years). The intellectual defi- 
ciency progresses very slowly; even when 
finer aesthetic and ethical ideas and feelings 
are profoundly prejudiced, the patients 
memory and judgment for all other mental 
processes may nonetheless have suffered 
only an extremely slight deterioration. Pa- 
tients of this type become coarse, unfeeling, 
and choleric and lose all sense of decency in 
thought and action, but they are still perfect- 
ly able to carry out coherent and complicated 
mental operations, particularly if they were 
educated, intellectually highly gifted per- 
sons before their illness; for example, they 
are still able to perform literary work, which 
demands good comprehension and memory. 
Even severe attacks of paralysis or intereur- 
rent spells of agitation with acute onset, of- 
ten of some weeks’ duration, and occasionally 
a completely confused state, are not charac- 
terized by such limited intellectual defects in 
the first and second years during which these 
are not at all apparent to outsiders but only 
the closest members of the patients family, 
eg, wife and children, notice them as mani- 
festations of ethical impoverishment and 
strange personality changes. The illness is 
often misdiagnosed at this stage because the 
patient still has enough self-control and 
thought and speech patterns are sufficiently 
logical and reasonable to enable the patient 
to deceive the physician as to the severity 
and implications of these ethical defects. In 
such cases, it is very easy for the physician to 
assume that he is confronted with an instance 
of the emotional irritability that is so fre- 
quently associated with tabes. However, a 
more precise intelligence test will show that 
there really are deficiencies in the ethical 
field. 

The patient can no longer properly honor 
his obligations in this area. He is completely 
unaware of his tactlessness and the ethical 
solecisms he commits. His judgment con- 
cerning his personal affairs, particularly his 
material or financial assets, is also severely 
impaired; he is careless and wasteful. Distur- 
bances not belonging to the conventional clin- 
ical picture of tabes can also be found in the 
somatic sector: paresis of the oral branch of 
the facial nerve and hesitation in speech are 
usually seen during the course of a reason- 
ably long observation period. 

The practical importance of these cases 
and their differentiation from simple tabes 
become particularly clear when the physician 
is approached about protection from the pa- 
tient and commitment to an institution is 
considered. I was recently in the position of 
having to assess a case of this kind, in which 
the patient vigorously denied the existence 
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“of any mental illness and repudiated what his 
- relatives said as slanderous. It was not possi- 


ble to commit him to an institution for quite 
some time, as more distant relatives and the 
forensic medical expert denied the presence 
of paretic mental illness. 

To conclude my remarks, I must consider 
‘the differentiation of paresis from the states 
of functional exhaustion that we have recent- 


“ly started to include under the concept of 


neurasthenia. In severe cases with a long 
course, neurasthenia passes imperceptibly 
into hypochondria; the exhaustion neurosis 
develops into an exhaustion psychosis. If we 
consider the cause of both, the overstretch- 
ing of the nervous work output, it is easy to 
understand that their precise differentiation 
from progressive paresis can be extremely 
difficult, at least in the earliest phases, 
whether regarded from the point of view of 
the origin or of the clinical picture. What 
criteria guarantee that in one case only a 
functional attrition is present, with the possi- 
bility of complete recovery, while in another 
ease with very similar symptoms the func- 
tional overuse has already led to irreversible 
material damage? In the so-called prodromal 
stages, it is completely impossible to differ- 
entiate precisely between functional symp- 
toms of inhibition or exhaustion and lasting 
symptoms of intellectual loss. To make allow- 
ance for this problem, there has often been 
mention of a neurasthenic preliminary stage 
of paresis. It is impossible to make a definite 
diagnosis of paresis when unmistakable so- 
matic symptoms of deficiency (paradoxal 
sign and nonreactive pupils) are present, 
while slight asymmetry of the facial innerva- 
tion, slight speech disturbances (not uncom- 
mon in neurasthenics in the presence of affec- 
tive agitation or against a background of 
hypochondriacal compulsive ideas), giddi- 
ness, and the entire multitude of subjective 
symptoms of illness can only be used for the 
differential diagnosis with caution and with 
due consideration for the full range of mani- 
festations of the illness. 

If objective signs of any organic disease of 
the brain and spinal cord are lacking, and if 
we have recourse mainly to the assessment of 
the psychic condition in establishing a diag- 
nosis of paresis, all sorts of mistaken diag- 
noses are possible in addition to confusion 
with neurasthenia and hypochondria. As is 
well known, the affective and intellectual 
symptoms of incipient paralysis can mimic 
every functional psychosis. Confusion with 
mania and/or melancholia is the most com- 
mon mistake. In the case of hallucinatory 
agitation, too, however, differentiation from 
acute hallucinatory paranoia, but especially 
amentia (exhaustion psychosis), is rather un- 
certain. In all these pictures of paresis, the 
psychic deficiency symptoms, the lack of 
judgment, the lacking ethical sense, and the 
memory impairment can be concealed by an 
imbalance of stimulatory and inhibitory pro- 
cesses (excessively cheerful or mournful 
mood, anxious affect, motor agitation, flight 
of ideas, hallucinations, etc). The diagnosis is 
confirmed as soon as the decisive feature of 
the illness, ie, dementia, can be observed. In 
this, we can always most safely be led by 
exploration of the assets in terms of ethical 
and aesthetic feelings and ideas and the qual- 
ity of the judgmental associations relating to 
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the relationship of the patient’s own person- 


ality to the processes of the outside world. If 
defects are found in these areas, there can 
hardly be any further doubt that a diagnosis 
of paralysis is appropriate. 

As this review of the discrimination of pa- 
resis from other disease states bordering on 
paresis shows us, there are cliffs enough 
against which the diagnosis can come to 
grief, Differentiation of the different forms of 
organic brain disease is predominantly of 
purely scientific interest. From the point of 
view of the prognosis, all these different 
types of illness affecting the central nervous 
system are equivalent; that is, they all ulti- 
mately lead to disintegration of the intellec- 
tual capacities. The only exception is cere- 
bral syphilis, which is amenable to a complete 
cure if therapeutic intervention is instituted 
sufficiently early and is sufficiently vigorous. 
The differential diagnosis between this con- 
dition and paresis is therefore the one that 
has the greatest practical significance. 

Discrimination of paresis from the func- 
tional neuroses and psychoses is of practical- 
ly equal importance. Among colleagues, I 
need say no more on the subject of how omi- 
nous mistakes in this area of differential diag- 
nosis can be, not just for the future of our 
patients but also for the physical and mental 
well being of their families. 


COMMENTARY 

In recent years, Binswanger’s dis- 
ease has become a topic of renewed in- 
terest and controversy. Despite com- 
prehensive reviews, a complete 
translation of Binswanger’s original re- 
port into English is not yet readily avail- 
able.” The present translation attempts 
to retain the tone of the late 19th centu- 
ry scholarly language, which is now 
rather stilted in German as in English. 
The German word “paralyse” has been 
translated as “paresis” or sometimes as 
“general paresis” when it clearly refers 
to the condition caused by syphilis, and 
otherwise as “paralysis.” Latin termin- 
ology has generally been translated into 
American usage. 

Binswanger’s goal was to distinguish 
purely vascular disease of the brain 
from the progressive paresis that was so 
prevalent in his time as to dominate neu- 
ropsychiatry. In his lecture, he dis- 
cussed the characteristics of progres- 
sive paresis and contrasted them with 
the clinical and neuropathologic find- 
ings in the two forms of vascular brain 
disease that he called “chronic progres- 
sive subcortical encephalitis” (now 
called Binswanger’s disease) and “arte- 
riosclerotic brain degeneration.” 

The characteristics of chronic pro- 
gressive subcortical degeneration 
were, clinically, onset at the threshhold 
of old age or in the senium; a protracted 
course; reduction in intellectual capaci- 
ties, with early impairments of associa- 
tions, complex skills, and focal deficits; 
and later agitation, paranoia, seizures, 
disturbances of consciousness, and 






eventually a decerebrate state. The 
neuropathologic characteristics were. 
atrophy of white matter, particularly in 

the occipital and temporal lobes, with 
very little involvement of the frontal: 

white matter and only minimal cortical 

atrophy. The damage was particularly 

to association fibers. The basal and pos- 

terior horns of the ventricles were en- 

larged, whereas the anterior parts of 

the lateral ventricles were expanded 

only very little. The cerebral vessels 

showed evidence of severe athero- 

sclerosis. 

The characteristics of arteriosclerotic 
brain degeneration were clinically iden- 
tical to those of chronic progressive sub- 
cortical degeneration, with the impor- 
tant exception that isolated, focal 
deficits dominated the clinical picture 
from the beginning. The clinical deficits 
were intermittent and included reduc- 
tion in intellectual capacities, including 
short-term memory, perception, acqui- 
sition, and other areas of cognition. 
Emotional lability occurred early, and 
more persistent personality changes 
emerged as the condition progressed. 
Pathologically, the condition was asso- 
ciated with generalized as well as cere- - 
bral atherosclerosis, with atrophy or 
fatty degeneration of both the small ar- 
teries and veins in both the cortex and 
white matter. Focal lesions were promi- 
nent, as was diffuse loss of cortical 
neurons. 

In summary, Binswanger distin- 
guished not only between general pare- 
sis and cerebrovascular disease but 
between two broad forms of cerebro- 
vascular disease: a subcortical white- 
matter disease and a more general con- ` 
dition involving both gray and white 
matter. In chronic progressive subcor- ` 
tical encephalitis, the brain tissue. 
changes appeared to be confined to 
white matter only and particularly to 
the areas supplied by the posterior cere- 
bral artery. In contrast, in arterioscle- : 
rotic brain degeneration, changes were 
evident in both gray and white matter 
and were not confined to an area sup- 
plied by a specific cerebral artery. 

In 1895, Binswanger lectured further 
about the “Delineation of General Pare- 
sis,” repeating the views he had pre- 
sented in 1893. He emphasized the exis- 
tence of two different vascular diseases 
of the brain, one affecting primarily 


white matter. In the discussion of this 


lecture,’ Alois Alzheimer emphasized 
that Binswanger was the first to at- 
tempt to separate two different arterio- 
sclerotic brain diseases from general pa- 
resis. Alzheimer himself also reported 
on “arteriosclerotic atrophy of the. 
brain.” According to Alzheimer, the on- 
set of disease was between ages 45 and 
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65 years, with men affected more often 

than women. Generalized atherosclero- 

sis was typically present. Prodromes in- 

cluded headache, vertigo, rapid fatigue, 

and emotional lability. Then memory 
loss developed, followed by global cog- 
nitive impairments and instability of af- 
fect. Pathologically, there was general- 
ized atherosclerosis. Relatively little 

- atrophy of cereberal cortical or other 
brain structures occurred. Within the 
cortex, there were foci of degeneration, 
with small aneurysms and multiple 
small areas of hemorrhage and gliosis 
surrounding degenerating vessels. Alz- 
heimer suggested that because of the 
distinct clinical symptoms, course, and 
neuropathologic findings, “one may 
have reasons enough to distinguish ar- 
teriosclerotic atrophy of the brain as a 
disease on its own distinct from other 
brain diseases.” 

In 1910, in his widely used textbook, 
Emil Kraepelin described Alzheimer’s 
“senile brain devastation” as a conse- 
quence of senile arteriosclerosis, partic- 
ularly in small vessels entering the cor- 
tex from the brain surface.’ He 
proposed that these vessels occlude 
gradually, leading to a simple atrophy of 
nerve tissue." 

Within the last 5 years, Binswanger's 
disease has become a subject of renewed 
interest and controversy, particularly 
in reference to the white-matter 
changes evident on computed tomo- 
graphic scans and magnetic resonance 
images.’“""" When Binswanger wrote 
the article that is translated herein, the 
new stains recently developed by Nissl 
and Weigert were on the cutting edge of 
neuroscience research, and computer- 
ized brain imaging was unimaginable. It 
is therefore gratifying that Bins- 
wanger’s clinical insights may still be 
relevant nearly 100 years later. He rec- 
ognized that the clinical signs and symp- 
toms of vascular damage to white mat- 
ter, like the clinical manifestations of 
vascular damage to the gray matter that 

provide the cells of origin of the fibers in 
white matter, depend in large part on 
the location and extent of tissue dam- 
aged. He recognized that the amount of 
brain damage necessary to push a pa- 
tient across the threshhold of clinical 
disability depended in part on how much 
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- brain function the patient had premor- 


bidly and in part on how much was de- 
manded of the patient in the way of 
performance. Those insights may be 
relevant to the clinical variability that 
has been associated with evidence of 
white-matter damage in imaging stud- 
ies, including the evidence of marked 
radiologic abnormalities in people with 
no clinically important disabilities. 

Binswanger’s observation that vascu- 
lar damage to white matter can occur 
with relatively little damage to gray 
matter is in accord with subsequent ex- 
perimental studies in animals. Thus, 
controlled hypoxemia (arterial Po,, 28 
to 30 mm Hg) increased 2-deoxyglucose 
utilization in white matter in columns 
associated with penetrating arteries, 
with little effect on gray matter.” This 
relative vulnerability of white matter 
was attributed to a less extensive blood 
supply. Binswanger’s observation of 
relatively selective damage to the white 
matter supplied by the posterior cere- 
bral artery may relate to subsequent 
observations of anatomic differences 
among the cerebral arteries.” Among 
the important differences between 
Binswanger's time and the present is 
the age at onset of the senium, which 
Binswanger put at 60 years but which is 
now more often put by geriatricians in 
the middle or late 70s.” 

It is hoped that the availability of this 
classic article to those who easily read 
English but not German will facilitate 
the continued contribution of Bins- 
wanger's original insights into the com- 
plex problems of dementing diseases, 
including the condition that has given 
him eponymie medical immortality. 
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NIMOTOP modulates calcium influx to promote cerebral perfusion, 
and may directly protect neurons?’ 


“[In animals] The beneficial cytoprotective effect of nimodipine, probably related to normalization 
of calcium homeostasis and blood-brain barrier permeability after ischemia, may reflect both 
vascular and cellular sites of action.” 

Lazarewicz JW, et al. Stroke 1989. 


“[In humans] The data thus suggest that nimodipine neither prevents nor reverses cerebral 
vasospasm. Calcium channel blockers such as nimodipine may have an effect on cerebral arterioles 
that are below the limits of resolution of angiography. ...”! 

Pickard JD, et al. Br Med J 1989, 
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INDICATIONS AND USAGE 
Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients 
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Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
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should be given a lower dose (see and Administration), 
Laboratory Test Interactions: None known. 
Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
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In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compo taken concomitantly by patients suffering from hypertension: this phenomenon was 
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was found not to be carcinogenic in a 91-week mouse study but the high dose of 1800 ppm 
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gavage) doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3.0 mg/kg/day in one of two identical rabbit studies. In the been study an increased incidence 
-of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses, Nimodipine was embr 
toxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
30 mg/kg/day nimodipine administered by gavage from day 16 of gestation and continued until 
sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses. 
oa m should be used during pregnancy only if the potential benefit justifies the potential 
to the fetus, 
Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at.concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 
Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
{112%) who were given nimodipine. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients: Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences, events reported with a frequency greater than 1% 


vate displayed below by dose. 






























































DOSE 
Number of Babes (%) 
Nimodipine 
30 mg 60 
(n=71) (n= 


Placebo 


mg 90 mg 120 mg 
494) (n=172) (n=4) (n= 479) 








0.35 
Sign'Symptom in a) 


Decreased 


© Blood Pressure 1(L2) Q 19 (3.8) 14{8.1) 2(50.0) 6({i2) 
“Abnormal Liver 
Function Test 1 (12) 0 2 (0.4) 1(0.6) 0 7 (15) 
; ma o 0 (0.4) 2(L2) 0 30.6} 
Diarrhea o 3 (4.2) 0 37) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2(L2) 0 3 (0.6) 
Headache a 1(L4) 6(12) 0 o ł (0.2) 
Gastrointestinal 
Symptoms 2 (2.4) 0 0 20 0 0 


-© June 1990, Miles Inc. 
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REDUCES THE INCIDENCE OF CEREBRAL __ 
INFARCTION FOLLOWING SUBARACHNOID HEMORRHAGE 





DOSE géh 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg i 

Sign/Symptom (n=82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Nausea 1 (1.2) 1 (1.4) 6 (12) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 10.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1(1.4) 1 (0.2) 1(0.6) 0 0 

ne 0 1(L4) 0 0 0 0 
Depression 0 1(14) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
qth, 30 mg ath or 120 mg qth. Adverse experiences with an incidence rate of less than 1% in the 
60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lighthea- 
dedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, ta and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients — 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, bur these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum poe levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 


(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 
reported rarely. 
OVERDOSAGE 

There have been no reports of ove e from the oral administration of Nimotop®. Symp- 


toms of overd would be expected to be related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not Tikely to be of benefit. 
DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
a hole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the bẹ 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ ' 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 
Cong: Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
a att rate. 


AA 


MILES 


Manufactured by: Miles Inc. 
Pharmaceutical Division 


Encapsulated by: R.P. Scherer North America 
Division of R.P. Scherer Corp. 





400 Morgan Lane Clearwater, FL 33518 

West Haven, CT 06516 
PD100667 1/89 BAY e 9736 5202-7-A-U.S.-1 0703 
© 1989 Miles Inc. Printed in USA 
REFERENCES 


1, Pickard JD, Murray GD, Hlingworth R, et al. Br Med J. 1989;298:636-642. 2. Solomon RA, 
Fink ME. Arch Neurol 1987;44:769-773. 3. Petruk KC, West M, Mohr G, et al. } Neurosurg. 
1988;68:505-517. 4. Rodriguez R, Baena Y, Gaetani P, Grignani G, Pacchiarini L. Acta Neurol” 
Scand. 1987;76:267-271. 5. Scriabine A, van den Kerckhoff W. Ann NY Acad Sci. 1988;522:698- 
706. 6, Lazarewicz JW, Pluta R, Salinska E, Puka M. Stroke. 1989;20:70-77, 


406 Miles Inc. 
West Haven, or 06516: 


_- NO9O10: 





HEADACHE 
DESCRIBED 


“Headache”— a personal 
interpretation of headache 
pan by John Crowley, a 

adache patient. 


HEADACHE 
RELIEVED 


Effectively treats the pain of 
muscle contraction headache 
as well as the anxiety and 
tension that magnify it 








FIORI NALwin 
CODEINE di 
CAPSULES 


(Each capsule contains: codeine phosphate 30 mg {warning. May 
ee habitforming), butalbital 50 mg (Warning: May be habitforming}, 
caffeine 40 mg; and aspirin 325 mg} 





Potent relief of tension headache pain 


Please see brief summary on following page 
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BRIEF SUMMARY: Please see package insert for full prescribing information: 
FIORINAL= 

(Codeine phosphate USP. 30 mg (warning: may be habit forming}, butalbital USP, 50 mg [warning: may be habit 
forming]; caffeine USP, 40 mg; aspirin USP. 325 mg] 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Fiorinai# with Codeine is contraindicated under the following conditions: 

+. Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine. 

2 Patients with a hemorrhagic diathesis e.g, hemophilia, nypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenias, thrombasthenia and other ill-defined hereditary platelet dystunctions, severe vitamin K deficiency 
and severe liver damage | 

3. Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspirin or other nonsteroidal 
anti-inflammatory drugs. Anaphylactoid reactions have occurred in such patients. 

4, Peptic ulcer or other Serious gastrointestinal lesions 

5. Patients with porphyria. 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. It 
should be ascertained if the patent is allergic to aspirin, although a specific history of allergy may be lacking 

Significant bleeding can result from aspirin therapy in patients with peptic ulcer of other gastrointestinal lesions, 
and in patients with bleeding disorders. 

Aspirin administered pre-operatively may prolong the bleeding time 

in the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as weil as their capacity for elevating cerebrospinal fluid pressure. 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course of patients with head injuries. 

Codeine or other narcotics may obscure signs on which to judge the diagnosis or clinicat course of patients 
with acute abdominal conditions. 

Butalbital and codeine are both habit-lorming and potentially abusable. Consequently the extended use of Fioninal® 
with Codeine is not recommended 

Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to children, including teenagers, with chicken pox or flu 


PRECAUTIONS: Generat: Fiorinal# with Codeine should be prescribed with caution for certain special-risk patients 
such as the elderly or debilitated, and those with severe impairment of renal or hepatic tunction, coagulation disorders, 
or head injuries. 

Aspirin should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 
detects. 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspirin is particularly likely in patients with nasal polyps, and relatively common in those with asthma. 

Information for Patients: Patients should be informed that Froninal® with Codeine contains aspirin and should 
not be taken by patients with an aspirin allergy. 

Fiorinal® with Codeine may impair the mental and/or physical abilities required for performance of potentially 
hazardous tasks such as driving a car or operating machinery. Such tasks should be avoided while taking Fiorina 
wi INE. 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 
Codeine, and should be avoided. 

Codeine and butalbital may be habit-orming. Patents should take the drug only for as long as ìt is prescribed, 
in the amounts prescribed, and no more frequently than prescnbed 

Laboratory Tests: In patients with severe hepatic or renal disease, elfects of therapy should be monitored with 
serial liver and/or renal function tests. 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase {MAQ) inhibitors. 

In patients receiving concomitant corticosteroids and chronic use ol aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and their withdrawal is followed 
by return to normal rates of renal clearance. 

Fiorinal® with Codeine may enhance the effects of: 

4. Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 
from plasma protein binding sites. 

2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, if dosage of Fiorinal® 
with Codeine exceeds maximum recommended daily dosage. 

3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from secondary binding sites, and, in the case of methotrexate, also reducing its excretion 

4 Non eroi! anti-inflammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 
effects 

5, Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnotics, 
or other CNS depressants, causing increased CNS depression 

Fiorinal® with Codeine may diminish the effects of: Uricosuric agents such as probenecid and sulfinpyrazone, 
reducing their effectiveness in the treatment of gout. Aspirin competes with these agents for protein binding sites. 

Drug/Laboratory Test interactions 
Aspirin: Aspirin may interfere with the following laboratory determinations in blood: serum amylase, fasting blood 
glucose, cholesterol, protein, serum teat anes transaminase (SGOT), uric acid, prothrombin time and bieeding 
time. Aspirin may interfere with the folowing laboratory determinations in urine: glucose, 5-hydroxyindoleacetic acic, 
Gerhardt ketone, vanillyimandelic acid (VMA), uric acid, diacetic acid, and spectrophotometric detection of barbiturates. 
Codeine: Codeine may increase serum amylase levels. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Adequate long-term studies have been conducted in mice 
and rats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was seen 
No adequate studies have been conducted in animals to determine whether aspirin has a potential tor mutagenesis 
or impairment of fertility No adequate studies have been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility 
Usage in 
Teratogenic Effects: Pregnancy Category C ~- Animal reproduction studies have not been conducted with Fiorinai® 

ith ine. I is also not known whether Fiorinal® with Codeine can cause fetal harm when administered to 

a pregnant woman or can affect reproduction capacity. Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed. 
Nonteratogenic Effects: Aithough Fiorinal® with Codeine was not implicated in the birth defect, a female infant was 
born with lissencephaly, pachygytia and heterotopic gray matter The inlant was born & weeks prematurely tc a 
woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days of 
pregnancy The child's development was mildly delayed and from one year of age she had partial simple motor 
seizures. 

Withdrawal seizures were reported in a lwo-day-old male infant whose mother had taken a butalbdal-containing 
drug during the last 2 months of pregnancy Butalbital was found in the infant's serum. The infant was given phenobarbital 
Sma/kg, which was tapered withoul further seizure or other withdrawal symptoms. 

Studies of aspirin use in pregnant women have not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy. In controlled studies involving 41,337 pregnant women and 
their offspring, there was no evidence that aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 
birth weight. In controlled studies of 50,282 pregnant women and their offspring, aspinn administration in moderate 
and orl doses during the first four lunar months of pregnancy showed no teratogenic effect. 

Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine. 

Therapeutic doses of aspirin in pregnant women close to term may cause bleeding in mother, fetus, or neonate. 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery 

Labor and Delivery: ingestion of aspirin prior to delivery may prolong delivery or tead to bleeding in the mother 
or neonate. Use of codeine during labor may lead to respiratory depression in the neonate 

Nursing Mothers: Aspirin, calfeine, barbiturates and codeine are excreted in breast milk in smali amounts, but 
the significance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking inte account the importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established. 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
andlor abdominal pain, drowsiness, and dizziness. 

Associated with Treatment Discontinuation: Of the 382 patients treated with Fiorinal® with Codeine in controlled 
clinical trials, three (0.8%! discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons: gastrointestinal upset, lightheadedness and heavy eyelids: 
and drowsiness and generalized tingling. 
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Adverse Events Reported by at Least 1% of Fiorinal® with Codeine Treated Patients 
During Placebo Controlled Clinical Trials 











a och ge pee _ Incidence Rate of Adverse Events 
Fiorinal#/Codeine Placebo 
Central Nervous 
Orowsiness 24% 05% 
Dizziness/Lightheacedness 2.6% 05% 
Intoxicated Feeling 10% 0% 
Gastrointest 
Nausea/Abdominal Pain 37% 0.8% 





Other Adverse Events Reported During Controlied Clinical Ttials: The listing that follows represents the proportion 
ol the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. It is important to emphasize that, although the adverse events reported 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily caused 
by Fiorinal® with Codeine. 

Adverse events are classified by body system and frequency. “Frequent” is defined as an adverse event which 
occurred in at feast 1/100 (1%} of the patients; all adverse events listed in the previous table are frequent. “infrequent” 
is defined as an adverse event that occurred in fess than 1/100 patients but at least 1/1000 patients. Al adverse  } 
events tabulated below are classified as infrequent. w 

Central Nervous: headache, shaky feeling, tingling, agitation, tainting, fatigue, heavy eyelids, high energy, hot spells, 
numbness, and sluggishness. 

Autonomic Nervous: dry mouth and hyperhidrosis. 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn 

Cardiovascular: tachycardia 

Musculoskeletal: jeg pain and muscle fatigue. 

Genitourinary: diuresis. 

Miscellaneous: pruntus, tevet, earache, nasal congestion, and tinnitus. 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with 
Codeine, are listed below Many or most of these events may have no causal relationship with the drug and are 
listed according to body system. 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- 
sciousness, vertigo. 

Autonomic Nervous: epistaxis, flushing, miosis, salivation. 

Gastrointestinal anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer. 

Cardiovascular: chest pain, hypotensive reaction, palpitations, syncope. 

Skin: erythema, erythema multitorme, exfoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficulty. 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction wth erythromycin 
{stomach upset), edema. 

The following adverse drug events may be borne in mind as potential effects of the components of Fiorinal® ot 
with Codeine. Porential effects of high dosage are listed in the OVERDOSAGE section of this insert. i 

Aspirin: occult blood Joss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods, impaired urate excretion, hepatitis. 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia. 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus. 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Administration 
and is classified under Schedule tlt 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for 
being abused. Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications 

Butalbital: Barbiturates may be habit forming: Tolerance. psychological dependence, and physical dependence 
may occur especially following prolonged use ol high doses of barbiturates. The average daily dose for the barbiturate 
addict is usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
ievel of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. As this 
occurs, the margin between an intoxication dosage and fatal dosage becomes smalier. The lethal dose of a barbiturate 
ig far less if alcohol is also ingested. Major withdrawal symptoms (convulsions and delirium) may occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms liy declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and gradual 
withdrawal of the drug. Barbiturate-dependent patients can be withcrawn by using a number of diferent withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient. 


OVERDOSAGE: The toxic effects of acute overdosage of Fiorinal® with Codeine capsules are attributable mainly 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occur 
in very Non dosages only. the possibility of significant caffeine toxicity from Fiorinal® with Codeine overdosage + 
is unlikely 3 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, confusion, and 
coma; respiratory depression; hypotension, shock. Symptoms attributable to acute aspirin poisoning include hyperpnea; 
acid-base disturbances with development of metabolic acidosis; vomiting and abdominal pain; tinnitus, hyperthermia, 
hypoprothrombinemia; restlessness; delirium; convulsions. Acute caffeine poisoning may cause insomnia, restlessness, 
tremor, and delirium: tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of: pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur. 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of ar overdose continually evolve, consultation with a 
regional poison contro! center is strongly encouraged. 

freatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylsm. Vomiting should be induced mechanically or with emetics 
in the conscious pafient. Gastric lavage may be used if the pharyngeal and laryngeal reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkalinization of 
the urine, and correction of electrolyte disturbances shouid be accomplished through administration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water. 

Meticulous attention should be given to maintaining adequate pulmonary ventilation. Correction of hypotension 
may require the administration of levartereno! bitartrate or phenylephrine hydrochloride by intravenous infusion. In 
severe cases of intoxication, peritoneal dialysis, nemodialysis, or exchange transfusion may be lifesaving. 
Hypoprothrombinemia should be treated with vitamin K, intravenously 

lobinemia over 30% should be treated with methylene blue by slow intravenous administration. 

Naioxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose. 
Typically, a dose of 0.4 mg to 2 mg is given parenterally and may be repeated if an adequate response is not 
achieved. Since the duration of action of codeine may exceed that of the antagonist, the patient should be kept 
under continued surveillance and repeated doses of the antagonist should be administered as needed to maintain 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant respiratory 
of cardiovascular depression. 

Toxic and Lethal Doses: 

Butalbital: toxic dose 1.0 g {adult}: lethal dose 2.0-5.0 g 

Aspirin: toxic blood level greater than 30 mg/100 mL; lethal dose 10-30 g {adult} 

Caffeine: toxic dose greater than 1.0 g, letha! dose unknown 

Codeine: lethal dose 0.5-1.0 g (adult) 


{NOVEMBER 1, 1990 FWC-Z26] 








THE DECISION 
IS YOURS. 





COMPARE. 


THE CASE: A 40-year-old man presented with a 2-month 
history of involuntary muscle contractions of the right arm 
and mild weakness of the left leg. 


Firstthere was CT. Then MRI. 





Contrast CT scan shows an area of T1-weighted (TR 800/TE 20) unenhanced 
low attenuation in the left parietal lobe. MR image, obtained with a 1.5-T imager, » 
A questionable focus of contrast is seen, shows subcortical hypointensity in the left 
but this may represent cerebral cortex. posterior parietal lobe. The surrounding 

a pce eee os sulci appear to be compressed, 
LG hig kes Reel Ross. MD. Stanford University Medical Center but a mass is not clearly appreciated, 


1991, Berlex Laboratories, inc. Ali rigbis reserved 





AND CONTRAST. 


Now, Magnevist- 
enhanced MRI lets 
fou see even more. 





4-weighted (TR 800/TE 20) image enhanced with 
“WAGNEVIST® injection reveals two discrete nodules 
arrows). This nodular enhancement is highly 
iuggestive of a primary brain tumor, which was 
sonfirmed upon biopsy to be an astrocytoma. 


Magnevist 


(gadopentetate 
dimegiumine 46901 mg/mL) 


INJECTION 
NOTHING LOCATES LESIONS BETTER 


Please see brief summary of prescribing information for 
MAGNEVIST® injection on last page of this advertisement. 





Well tolerated! in clinical trials, the most common adverse reactions reported were headache (8.7%) 
and injection-site coldness/localized coldness (4.8%). The majority of headaches were transient and of mild 
to moderate severity. In clinical trials, 15% to 30% of patients experienced an asymptomatic transient rise in 
serum iron; hypotension and anaphylactoid reactions have occurred in less than 1% of the patients. The 
safety of MAGNEVIST’ injection in patients with hemolytic disorders has not been studied, 


REFERENCE: 1. Data on file, Berlex Laboratories, Inc 





BRIEF SUMMARY 


INDICATIONS AND USAGE 

MAGNEVIST® injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intro- 
cranial lesions with obnormai vascularity or those thought fo cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown fo facilitate visualization of 
intracranial lesions including but not limited to tumors 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the. spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known 


WARNINGS 


The accepted safety considerations ond procedures that ore required for magnetic 
resonance imaging are applicable when MAGNEVIST® Injection is used for contrast} 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by gadopentetate dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied. 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis 
Hypotension may occur in some patients after injection of 
MAGNEVIST® injection. in clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagol 
reaction which was described as mild by the patient and occurred 


after administration of the drug. Although fhe relationship of 
gadopentetate dimegiumine to these events is uncertain, patients 
should be observed for several hours after drug administration 


PRECAUTIONS - General 


Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed 

in a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 

Since seco dimegiumine is cleared from the body by giomenùlar filtration, caution 
should be exercised in patients with severely impaired renal function 


The possibility of o reaction, including serious, life-threatening, fatal, anaphytactoid or car- 
diovascular reactions or other idiosyncratic reactions should always be considered (see 
ADVERSE REACTIONS) especially in those patients with a known clinical hypersensitivity, 


Animal studies suggest that gadopentetate dimegiumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (spienic) hemolysis. In clinical 
trials 15-30% of the potients experienced an asymptomatic transient rise in serum iron 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned fo baseline within 24 fo 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimegiumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately 

if nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: if in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to 

1. Inform your physician if you are pregnant or breast feeding. 

2.1nform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General) 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimegiumine. 


Gadopentetate dimegiumine did not evoke any evidence of mutagenic potential in the 
Ames fest (histidine-dependent Salmonela typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimegiumine did not induce 
a positive response in the (C3H 107/2} mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rot 
hepatocytes at concentrations up to 5000 ug/ml. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively 


The results of a reproductive study in rats showed that gadopentetate dimegiumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pregnancy rate in comparison fo a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats af the 2.5 mmol/kg dose. In female rats o decrease in the number 
of corpora lutea at the O1 mmol/kg dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


in a separate experiment, 16 daily intravenous injections were administered to male ras. 
At a dose of 5 mmol/kg of gadopentetate dimeglumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 


PREGNANCY CATEGORY C. 


Godopentetate dimegiumine has been shown to retard development slightly in rats when 
iven in doses 2.6 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 

doses 2.5 times the human dose. No congenital anomalies were noted in either species. 


There are nc adequate and well-controlled studies in pregnant women. MAGNEVIST® 
injection should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 

C*4 labelled gadopentetate dimeglumine was administered intravenously to lactating rats 
at a dose of BS mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
vio the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing 


PEDIATRIC USE 
Safety and efficacy in children under the age of 2 years have not been established 
(See Indications and Usage and Dosage and Administration sections) 


ADVERSE REACTIONS 
The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate severity. In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coidness/localized coldness is the second most common adverse experience at 4.8% 
Nausea occurs in 3.2% of the patients. 

tocalized pain, vomiting, paresthesia, dizziness and localized 

warmth occur in fess than 2% of the patients. 

The following additional adverse events occur in less than 1% 


Ld ka 
Body as a Whole: Injection site symptoms, namely, pain, warmth, 


burning; localized burning sensation, substernal chest pain, fever, 


Bacilo wi oe ican (gadopentetate weakness, generalized coldness, localized edema, tiredness, 
after 6-1/2 hours. In a study in normal volunteers one subjec H i 
experienced syncope after arising from a sitting position two hours dimeglumine 469.01 mgs ml) 


chest tightness, regional lymphangitis, anaphylactoid reactions 
(characterized by cardiovascular, respiratory and cutaneous 
symptoms). 

Cardiovascular; Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 


INÆCTON 


increased salivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 

Respiratory System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

skin Rash, sweating, pruritus, urticaria (hives) 

Special Senses: Tinnitus, conjunctivitis, visuai field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship hos neither been 
established nor refuted. 

Body as c Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope, death related to myocardial 
infarction or other undetermined causes 

Digestive: Constipation, diarrhea 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimegiumine injection in mice is 
512.5 mmol/kg and in rats it is 10-15 mmol/kg. The LDso of intravenously administered 
MAGNEV'ST* Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported 


DOSAGE AND ADMINISTRATION 


The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmoi/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 








DOSAGE CHART 

Body Weight Dose in Approx Duration of 

) mL Injection in Seconds 
10 20 20 
20 40 30 
30 6.0 40 
40 8.0 50 
50 10.0 60 
60 12.0 70 
70 14.0 80 
80 16.0 95 
90 18.0 no 
100 20.0 120 

















To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL norma! saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection. 


Parenteral products should be inspected visually for particulate matter and discoloration 
prior te administration, whenever solution and container permit 
For full prescribing information, see package insert. 

Caution: Federal Law Prohibits Dispensing Without Prescription. 
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Neurological Review 


N-Methyl-D-Aspartate Antagonists 
in the Treatment of Parkinson’s Disease 


J. Timothy Greenamyre, MD, PhD, Christopher F. O’Brien, MD 


è Current long-term treatment of Parkin- 
son's disease is inadequate, and improved 
symptomatic and neuroprotective therapies 
are needed: Recent interest has focused on 
the use of antagonists of the N-methyl-D-as- 
partate (NMDA) subtype of glutamate recep- 
tor in Parkinson's disease. Abnormally in- 
creased activity of the subthalamic nucleus 
is postulated to play a central pathophysio- 
logical role in the signs of Parkinson’s dis- 
ease, and NMDA antagonists may provide a 
means of decreasing this activity selectively. 
Like dopaminergic agonists, NMDA antago- 
nists can reverse the akinesia and rigidity 
associated with monoamine depletion or 
neuroleptic-induced catalepsy. Very low 
doses of NMDA antagonists markedly poten- 
tiate the therapeutic effects of dopaminergic 
agonists. There is evidence that the benefi- 
cial effects of anticholinergic drugs and 
amantadine may be. mediated, in part, by 
NMDA receptor blockade. Moreover, NMDA 
antagonists provide profound protection of 
dopaminergic neurons of the substantia ni- 
gra in the MPTP (1-methyl-4-phenyl-1,2,3,6- 
tetrahydropyridine) and methamphetamine 
models of Parkinson's disease. The clinical 
use of NMDA antagonists may prove useful 
in Parkinson's disease to treat symptoms 
and retard disease progression. 

(Arch Neurol. 1991 ;48:977-981) 


ong-term treatment of Parkinson's 

disease is inadequate and, despite 
current therapies, the disease pro- 
gresses. The initially gratifying re- 
sponse to therapy is eventually replaced 
by a fluctuating response to levodopa 
and other dopaminergic agents. Within 
5 years of diagnosis, most patients re- 
ceiving levodopa therapy experience 
fluctuations in their motor function 
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ranging from periods of good mobility, 
often accompanied by dyskinesias, to 
periods of relative immobility. ™* As the 
disease progresses and the “therapeutic 
window” for dopaminergic agents nar- 
rows,. motor fluctuations become less 
predictable and more difficult to man- 
age. Clearly, improved therapies are 
needed. 

The conventional strategy for thera- 
peutic intervention is the rational devel- 
opment of drugs to provide more effec- 
tive symptomatic relief. For a century, 
the only effective treatment of Parkin- 
son's disease was anticholinergic thera- 
py, but the mechanism by which these 
drugs produced a beneficial response 
was unknown.’ The first rational treat- 
ment, levodopa, was developed after 
the demonstration of a severe dopamine 
deficiency in Parkinson's disease.’ Sub- 
sequent efforts at drug design have fo- 
cused primarily on dopamine receptor 
agonists’, however, as the anatomical, 
biochemical, and pharmacological fea- 
tures of neurotransmitter interactions 
in the basal ganglia are elucidated, it is 
likely that drugs targeted at other 
transmitter systems and receptors may 
also prove useful clinically. 

Although the ultimate cause of Par- 
kinson’s disease is not known, a second 
strategy for pharmacological interven- 
tion is the use of neuroprotective agents 
to retard neuronal damage and death. 
Slowing the rate of disease progression 
would be expected to forestall, or even 
prevent, the emergence of disabling 
motor fluctuations. This strategy was 
central to the DATATOP (Deprenyl 
and Tocopherol Antioxidative Therapy 
of Parkinsonism) study, which showed 
an apparent slowing of the natural 
course of Parkinson's disease in patients 
treated with deprenyl.’ Although the 
DATATOP results are preliminary, the 
goal of developing protective therapies 
in Parkinson's disease is novel and im- 
portant, and it needs further ex- 
ploration. 

A growing body of evidence suggests 
that modulation of the activity of the 


major excitatory neurotransmitter, 
glutamate, may be beneficial in Parkin- 
sons disease (Table), Overactivity of 
the subthalamic nucleus, thought to | 
play a crucial role in parkinsonian signs, 
may be reduced by glutamate receptor 
antagonists. In some cases, dopamine 
receptor agonists and glutamate recep- 
tor antagonists have similar actions at 
both the biochemical and behavioral lev- 
els. Additionally, the beneficial effects 
of “anticholinergic” drugs and amanta- 
dine may be due, in part, to their block- 
ade of glutamate receptors. Finally, 
glutamate receptor antagonists confer a 


profound neuroprotective effect in ani- 


mal models of Parkinsons disease. In 
this article, the evidence suggesting a 
role for glutamate receptor antagonists 
in the treatment of Parkinson's disease ` 
is reviewed. 


THERAPEUTIC BLOCKADE OF 
SUBTHALAMIC OUTPUT 


Degeneration of dopaminergic neu- 
rons projecting from the substantia ni- 
gra pars compacta (SNe) to the striatum 
results in increased activity of the stria- 
tal neurons projecting to the lateral glo- 
bus pallidus (LGP), and decreased ac- 
tivity of striatal neurons projecting to 
the medial globus pallidus (MGP) and 
the substantia nigra pars reticulata 
(SNr).** These striatal efferent path- 
ways ‘y-aminobutyrie acid (GABA) and 
are inhibitory, so the activity of the 
LGP projection to the subthalamic nu- 
cleus (STN) is reduced, and the activi- 
ties of the MGP and SNr pathways to 
the thalamus are increased. *” The re- 
duced activity ofan inhibitory GABAer- 
gic pathway to the STN disinhibits STN 
neurons and causes them to be more 
active. The enhanced activity of the ex- 
citatory glutamatergic STN projections 
to MGP and SNr further increases the 
activity of GABAergic MGP and SNr 
neurons." The net result is increased 
activity of inhibitory neurons in the out- 
put nuclei (MGP and SNr) of the basal 
ganglia and, consequently, reduced ac- 
tivity of thalamocortical neurons. It has 
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Rationale for the Use of NMDA 
Antagonists in Parkinson's Disease * 


Pharmacological blockade of the abnormally 
increased activity of subthalamic output 
NMDA antagonists enhance the release and 

turnover of striatal dopamine in vivo 
NMDA antagonists reverse the akinesia and 
rigidity associated with monamine deple- 
tion or neuroleptic-induced catalepsy 
Subthreshold doses of NMDA antagonists 
synergize with dopaminergic agonists and 
anticholinergic drugs 
NMDA receptor blockade may account for 
some of the antiparkinsonian effects of 
amantadine and the anticholinergic drugs 
NMDA antagonists protect nigral neurons 
from death in the methamphetamine and 
MPTP models of Parkinson's disease 


*NMDA indicates N-methyl-p-aspartate; MPTP, 
1-methyl-4-phenyl- 1,2,3,6-tetrahydropyridine. 





been suggested that the resultant re- 
duced thalamocortical activity accounts 
for parkinsonian signs.*""" 

In this model of basal ganglia func- 
tion, overactivity of the STN projec- 
tions is postulated to play a central role 
in the clinical manifestations of Parkin- 
son's disease.” Increased activity of 
STN neurons has been reported in mon- 
keys treated with 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (MPTP).*” 
Inactivation of the STN in parkinsonian 
animals would be expected to reduce 
activity of the MGP and SNr, thereby 
increasing thalamocortical activity, and 
producing clinical improvement. In 
fact, ablation of the STN in MPTP- 
treated monkeys markedly reduces par- 
kinsonian signs of akinesia, rigidity and 
tremor, as predicted by the model.” 

Because the STN projection is gluta- 
matergic,"“” pharmacological “inactiva- 
tion” of this pathway may be possible 
with glutamate-receptor antagonists. 
Several distinct glutamate receptors 
have been identified and have been 
named for | N-methyl-D-aspartate 
(NMDA), kainate, and quisqualate, 
which are the most selective agonists at 
each receptor type.” Of these, the 
NMDA receptor is the best character- 
ized and highly specific antagonists are 
available. There are moderate numbers 
of NMDA receptors in the entopedun- 
cular nucleus, MGP, and STN.” Injec- 
tion of NMDA receptor antagonists into 


the entopeduncular nucleus (the rodent 


analog of MGP) or into the SNr of mono- 
amine-depleted rats potently reverses 
akinesia and rigidity.” The STN itself 
receives prominent excitatory input 
(probably glutamatergic) from neocor- 
tex,” and NMDA receptors are in- 
volved in synaptic activation of STN.” 
As anticipated, the akinesia and rigidity 
associated with monoamine-depletion 
are also reversed by injection of NMDA 
receptor antagonists into the STN." 
Would systemic administration of 
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NMDA receptor antagonists have bene- 
ficial therapeutic effects, or are these 
drugs only helpful when injected into 
discrete nuclei? The STN output to 
MGP and SNr is the only glutamatergic 
pathway that is thought to have abnor- 
mally increased activity in Parkinson's 
disease.*"’” It is conceivable that low 
doses of NMDA antagonists could sup- 
press selectively the overactivity of 
MGP and SNr neurons without produc- 
ing the deleterious side effects expected 
of massive blockade of NMDA recep- 
tors elsewhere in the brain. Consistent 
with this hypothesis, it has been shown 
that systemic administration of 
MK-801, a noncompetitive NMDA re- 
ceptor antagonist, causes a pronounced 
locomotor stimulation in mice or rats 
depleted of monoamines.” Moreover, 
after monoamine depletion, there is a 
marked synergism such that a very low 
systemic dose of a competitive or non- 
competitive NMDA antagonist, when 
combined with either a muscarinic cho- 
linergic antagonist or a subthreshold 
dose of levodopa, apomorphine, or 
SKF38393 (a selective dopamine D, re- 
ceptor agonist), stimulates motor activ- 
ity effectively. ”” 

In contrast to these studies, howev- 
er, there is a preliminary report indicat- 
ing that when MK-801 was adminis- 
tered to a single MPTP-treated 
monkey, it was without therapeutic 
benefit.” The therapeutic index of 
MK-801 is very low, and the fact that 
the treated monkey was described as 
having “marked unresponsiveness to 
environmental stimuli” suggests that 
anesthetic doses of the drug may have 
been employed.” Additional studies us- 
ing a variety of NMDA antagonists in 
MPTP-treated monkeys will clarify this 
discrepancy. 


SIMILARITY OF ACTION 
OF DOPAMINERGIC AGONISTS 
AND NMDA ANTAGONISTS 
Biochemical Effects 


Stimulation of dopamine D, receptors 
activates adenyl cyclase and results in 
increased intracellular levels of cAMP.” 
This, in turn, activates cAMP-depen- 
dent protein kinase.” One of the sub- 
strates for this kinase is DARPP-32, a 
dopamine- and cAMP-regulated phos- 
phoprotein that is enriched in striatoni- 
gral neurons.” Once phosphorylated, 
DARPP-32 becomes a potent inhibitor 
of protein phosphatase-1, and it has 
been hypothesized that the function of 
phospho-DARPP-32 may be to prevent 
dephosphorylation of other substrates 
in nigrostriatal neurons.” Activation of 
NMDA receptors results in dephos- 
phorylation of DARPP-82 and, in this 
way, antagonizes the action of dopa- 


mine.” N-methyl-D-aspartate recep: 
tor antagonists prevent glutamate-in- 
duced dephosphorylation of DARPP-32 
and, therefore, facilitate dopaminergic 


function.” 


Behavioral Effects 


Catalepsy (postural rigidity) can be 
induced in rats by administration of neu- 
roleptics and has been used by some 
investigators as a model of Parkinson's 
disease. Neuroleptic-induced catalepsy 
is reversed by either dopaminergic ago- 
nists or competitive and noncompetitive 
NMDA receptor antagonists. ™” Dopa- 
minergic agonists and NMDA receptor 
antagonists may also have similar ef- 
fects in drug discrimination studies. 
Rats trained to discriminate the selec- 
tive D, agonist, quinpirole, from saline 
cross-generalize to MK-801 injected in- 
traperitoneally (D. Cory-Slechta, PhD, 
written communication, 1990). 

The mechanism by which NMDA re- 
ceptor antagonists produce behavioral 
effects similar to those of dopamine ago- 
nists is unknown and needs to be inves- 
tigated. Conceivably, it might be relat- 
ed to intracellular biochemical events 
such as those mediated by DARPP- 
32.7" It has also been reported by sev- 
eral investigators that NMDA receptor 
antagonists increase striatal dopamine 
release and turnover in vivo.” Either 
of these potential mechanisms would 
likely be beneficial in Parkinson’s 
disease. 


CURRENTLY USED MEDICATIONS 
AS NMDA ANTAGONISTS 


It appears certain that blockade of 
central muscarinic receptors plays a 
role in the beneficial effects of anticho- 
linergic drugs. For example, adminis- 
tration of a centrally active cholinester- 
ase inhibitor increases parkinsonian 
symptoms, and this can be blocked by 
anticholinergic medications.” On the 
other hand, the doses and serum levels 
of these drugs appear to be excessive 
relative to the number and affinity of 
muscarinic receptors in the brain. With 
a total daily dose of trihexyphenidyl of 
only 5 mg, trough serum levels as high 
as 200 nmol/L have been reported, and 
trough levels increase in proportion to 
daily dose.” Peak levels of trihexyphen- 
idyl may be as high as 1000 nmol/L 
(1 pmol/L) after a single 10-mg dose.” In 
dystonic patients treated with higher 
doses of trihexyphenidyl, trough levels 
may approach 2000 nmol/L (2 wmol/L).” 
As judged by positron emission tomo- 
graphie scanning studies employing la- 
beled anticholinergic drugs, these com- 
pounds penetrate the blood brain 
barrier easily, and it is expected that 
serum levels and unbound extracellular 
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central nervous system levels would be 
about equivalent (K. Frey, MD, PhD, 
oral communication, 1990). Because the 
affinity of muscarinic cholinergic recep- 
tors for trihexyphenidyl is 1 nmol/L,” it 
appears that the receptors may be satu- 
rated with drug at low to moderate clini- 
cal doses. 

Anticholinergic drugs are also non- 
competitive antagonists of the NMDA 
receptor. Trihexyphenidyl (Artane), 
ethopropazine (Parsidol), procyclidine 
(Kemadrin), and diphenhydramine 
(Benadryl) each interact with the 
NMDA receptor, apparently acting at 
the ion channel.” It has been shown that 
procyclidine and ethopropazine com- 
pete for MK-801 binding with inhibition 
constants in the low micromolar range.” 
As noted above, anticholinergic drug 
levels in the brain may approach con- 
centrations at which they would be ex- 
pected to interact significantly with 
NMDA receptors. This raises the possi- 
bility that blockade of NMDA receptors 
by anticholinergic drugs may be impor- 
tant in their beneficial antiparkinsonian 
effects, 

Other drugs used commonly in the 
treatment of Parkinsons disease may 
also have NMDA receptor antagonist 
properties. Memantine (1-amino-3,5-di- 
methyl adamantane), a dimethyl conge- 
ner of amantadine, is used to treat Par- 
kinson’s disease in Europe. Like 
dopaminergic agonists and NMDA an- 
tagonists, memantine reverses neuro- 
leptic-induced catalepsy.” Using patch 
clamp techniques, it has been shown 
that NMDA receptor ion channel cur- 
rents are blocked by memantine.” At 
therapeutic concentrations, memantine 
also competes for MK-801 binding.” 
Amantadine (l-amino adamantane), a 
more commonly used adamantane de- 
rivative, modulates the sensitivity of 
NMDA receptor ion channel binding 
sites as measured by phencyclidine 
binding.“ Together, these findings sug- 
gest that the therapeutic benefits of 
these drugs may be mediated, in part, 
by NMDA receptor blockade. 


OTHER POTENTIAL 
SYMPTOMATIC BENEFITS OF 
NMDA ANTAGONISTS 


The effects of other antiparkinsonian 
medications may be potentiated by 
NMDA receptor antagonists. When 
MK-801 is administered to monoamine- 
depleted mice in doses that are without 
behavioral effect, addition of an anticho- 
linergic drug causes a marked locomo- 
tor stimulation.” Similarly, when sub- 
threshold doses of MK-801 and 
apomorphine are given in combination 
to monoamine-depleted mice, there is a 
synergistic response and motor activity 
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increases.” Most recently, it has been 
demonstrated that extremely low doses 
of competitive or noncompetitive 
NMDA antagonists, themselves with- 
out motor effects, shift the dose-re- 
sponse curve of levodopa to the left in 
rats depleted of monoamines.” In the 
clinical setting, low-dose NMDA antag- 
onist therapy might provide a means of 
lowering the doses of other medica- 
tions, or of increasing their efficacy. If 
oxidative products of dopamine play a 
role in nigral cell death," low-dose 
NMDA antagonists may allow clinicians 
to decrease levodopa doses and, there- 
by, diminish the potential for oxidative 
damage. 

Just as anticholinergic drugs can act 
as NMDA antagonists, NMDA receptor 
antagonists can function as “anticholin- 
ergic” agents. In the striatum, activa- 
tion of NMDA receptors causes release 
of acetylcholine, and antagonists can ef- 
fectively inhibit this release.“ De- 
creased release of striatal acetylcholine 
may complement and potentiate the 
anticholinergic effects of direct musca- 
rinic antagonists and provides another 
mechanism, by which NMDA antago- 
nists might augment antiparkinsonian 
therapy. 

N-methyl-D-aspartate receptor an- 
tagonists may also help to prevent or 
minimize the unpredictable and some- 
times disabling dyskinesias associated 
with chronic dopaminergic agonist ther- 
apy. It has been suggested that dopa- 
mine receptor sensitization may be in- 
volved in the pathophysiology of the 
hyperkinetic movements that begin af- 
ter long-term treatment of Parkinson's 
disease.'" In 6-hydroxydopamine-le- 
sioned rats, MK-801 prevents the re- 
ceptor sensitization that occurs with 
chronic D, agonist treatment.* Thus, if 
receptor sensitization is important in 
the development of dyskinesias, NMDA 
antagonists may be useful adjuncts to 
dopaminergic agonist therapy. 


NMDA ANTAGONISTS AS 
NEUROPROTECTIVE AGENTS 
IN PARKINSON’S DISEASE 


Excitotoxicity mediated by activa- 
tion of NMDA receptors has been impli- 
cated in the pathogenesis of chronic 
neurodegenerative disorders, including 
Huntingtons disease,“” amyotrophic 
lateral sclerosis,” olivopontocerebellar 
atrophy,” and Alzheimer’s disease.™” 
The ion channel of the NMDA receptor 
complex is gated (blocked) by magne- 
sium in a voltage-dependent fashion.” 
When a neuron is depolarized for any 
reason, or if it is unable to maintain its 
membrane potential, the magnesium 
blockade is lifted and the NMDA recep- 
tor can be activated. Glucose metabo- 





lism and adenosine triphosphate pro- 
duction via oxidative metabolism are 
necessary to generate a resting mem- 
brane potential sufficient to maintain 
the voltage-dependent magnesium 
blockade of the NMDA receptor ion 
channel”; as intracellular adenosine tri- 
phosphate levels decrease, there is a 
concomitant decline in membrane po- 
tential. In this way, neurons that are 
compromised by some other process, 
such as defective mitochondrial energy 
metabolism, would be rendered more 
vulnerable to NMDA receptor-medi- 
ated toxicity.” In such compromised 
neurons, normal concentrations of glu- 
tamate may become lethal, and excito- 
toxicity might simply be the final com- 
mon pathway to cell death. (Roger 
Albin, MD [written communication, 
1990], has termed this the “weak excito- 
toxic hypothesis.”) In this regard, the 
recently described defect in complex I of 
the mitochondrial electron transport 
chain in Parkinson's disease may be 
important.” This defect would be ex- 
pected to increase the potential for exci- 
totoxic cell damage both by increasing 
levels of glutamate and by indirectly 
reducing magnesium blockade of the ion 
channel. 

N-methyl-D-aspartate receptor an- 
tagonists provide almost complete pro- 
tection against methamphetamine-in- 
duced toxicity to the nigrostriatal 
dopamine pathway, a model of Parkin- 
son's disease." The anatomical site at 
which NMDA antagonists confer pro- 
tection is unknown. More recently, it 
has also been shown that competitive 
and noncompetitive NMDA antagonists 
protect against MPP“ toxicity if these 
agents are given throughout the period 
in which MPP’ is present in the brain.” 
The NMDA antagonists are protective 
when administered systemically or by 
direct injection into the substantia ni- 
gra, suggesting that it is the substantia 
nigra that is the site of action of these 
drugs. The substantia nigra receives 
glutamatergic innervation from a fron- 
tal cortex and contains a moderate num- 
ber of NMDA receptors. The toxin 
MPP’ is believed to act by specifically 
inhibiting complex I of the mitochondri- 
al electron transport chain,” thereby 
creating a bioenergetic defect in nigral 
neurons. It seems likely that NMDA 
antagonists are conferring protection 
simply by blocking the excitotoxic final 
common pathway to cell death and al- 
lowing neurons to survive until the tox- 
in (MPP’*) is no longer present. If envi- 
ronmental toxins or bioenergetic 
defects play roles in the cause of Parkin- 
son’s disease, NMDA receptor antago- 
nists may provide a means of retarding 
disease progression. 
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POTENTIAL PROBLEMS 
AND FUTURE DIRECTIONS 


Does the fact that certain currently 
used medications may have NMDA an- 
tagonist properties mean that specific 
NMDA antagonists will not improve the 
treatment of Parkinsons disease? 
Amantadine, memantine, and the anti- 
cholinergic agents are weak and non- 
specific NMDA antagonists, and they 
all have effects on other neurotransmit- 
ter systems that produce dose-limiting 
side effects. For example, in addition to 
its effects on the dopamine system, 
amantadine has variable effects on nor- 
epinephrine, serotonin, GABA, and 
acetylcholine that certainly limit its use 
as an NMDA antagonist.” The anticho- 
linergic drugs probably saturate the 
brain’s muscarinic receptors before ex- 
erting a significant blockade of the 
NMDA receptor. Because the drugs 
used currently for Parkinsons disease 
interact with numerous transmitter 
systems, including the glutamatergic 
system, it is likely that intolerable side 
effects develop before there is signifi- 
cant NMDA receptor blockade. This 
may explain why treatment with aman- 
tadine and the anticholinergic drugs 
does not appear to slow disease progres- 
sion. Thus, there is reason to be optimis- 
tic that specific NMDA antagonists may 
prove to be useful clinically. 

Treatment of patients with NMDA 
receptor antagonists, however, may 
possibly be associated with significant 
side effects. Noncompetitive antago- 
nists acting at the receptor ion channel 
may have psychotomimetic or dissocia- 
tive anesthetic properties similar to 
phencyclidine (PCP) and ketamine.” 
Because the NMDA receptor is also ap- 
parently important in learning and 
memory functions,” antagonists might 
cause cognitive impairment. On the oth- 
er hand, the potential for side effects is 
likely to be dependent on the type of 
antagonist used, and the incidence of 
side effects would be expected to be 
dose dependent. Competitive antago- 
nists appear to have less psychotomi- 
metic potential than noncompetitive an- 
tagonists,” and even MK-801, a potent 
noncompetitive blocker, did not pro- 
duce psychosis when administered to 
humans with epilepsy.” Moreover, ani- 
mal studies indicate that extremely low 
doses of NMDA antagonists may pro- 
duce a potent and clinically useful syner- 
gy with commonly used anticholinergic 
and dopaminergic agonist drugs.”” 
Thus, it may be possible to use selective 
NMDA antagonists therapeutically 
without encountering intolerable side 
effects. 

Both basic and preclinical studies 
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must be performed before NMDA re- 
ceptor antagonists are used in patients 
with Parkinson’s disease. Although 
some investigators have found no 
NMDA receptor changes with chronic 
in vivo antagonist treatment (A. B. 
Young, MD, PhD, oral communication, 
1990), it has been reported that treat- 
ment of primary neuronal cultures with 
competitive antagonists may increase 
the number of MK-801 binding sites (P. 
Molinoff, MD, oral communication, 
1990). Because the clinical impact of in- 
creased numbers of NMDA receptors 
might be enhanced excitotoxic potential 
as well as symptomatic decline, the 
chronic effects of antagonists on the 
NMDA receptor complex must be de- 
fined unambiguously. 

Administration of both competitive 
and noncompetitive NMDA antagonists 
has been associated with acute, revers- 
ible vacuolization in certain neurons of 
the cingulate and retrosplenial cortex in 
rats,” but the vacuolization subsides 
within 24 to 48 hours. This phenomenon 
appears to be self-limited, its functional 
significance is not clear,” and it can be 
prevented by co-administration of anti- 
cholinergic agents." Despite the appar- 
ent benign nature of these changes, the 
issue of antagonist-associated vacuoli- 
zation warrants further investigation 
prior to initiation of large-scale clinical 
trials. 

It will be of interest to examine 
whether the increased activity of the 
subthalamic nucleus results in signifi- 
cant regulatory changes in glutamate 
receptors in MGP and SNr of MPTP- 
treated monkeys and patients with Par- 
kinson’s disease. Receptor down-regu- 
lation might alter the effectiveness of 
antagonist drugs. The mechanisms of 
interaction of anticholinergic drugs and 
amantadine with the NMDA receptor/ 
ion channel complex remain to be ex- 
plored in detail, and it would be useful to 
assess drug levels in cerebrospinal fluid 
of patients treated with these agents. 
At the preclinical level, it will be impor- 
tant to evaluate the efficacy of a variety 
of competitive and noncompetitive 
NMDA antagonists in reducing parkin- 
sonian symptoms in MPTP-treated 
monkeys prior to beginning human tri- 
als. Whether low doses of NMDA antag- 
onists produce synergistic effects with 
anticholinergics and dopaminergic ago- 
nists in parkinsonian monkeys must also 
be determined. It will also be of interest 
to evaluate the antiparkinsonian effica- 
cy of antagonists of non-NMDA gluta- 
mate receptors. Initial studies of a quis- 
qualate receptor antagonist in MPTP- 
induced parkinsonian Rhesus monkeys 
indicate that this class of drug has po- 
tent and dramatic antiparkinsonian 





properties when administered sys- 
temically.” 


CONCLUSION 


More effective symptomatic and 
neuroprotective therapies are needed 
urgently for Parkinson’s disease. This 
review of the current literature on 
NMDA receptor antagonists in relation 
to Parkinson's disease makes a strong 
case for the use of these agents as an 
adjunct to current antiparkinsonian 
therapies. There are several reasons to 
believe that NMDA antagonists will 
provide symptomatic relief; in fact, the 
benefits derived from certain commonly 
used antiparkinsonian medications may 
be related to their ability to block 
NMDA receptors. Moreover, the neu- 
roprotective properties of NMDA an- 
tagonists may allow clinicians to slow 
disease progression and delay disability 
by blocking the final common pathway 
that leads to nigral cell death. Although 
NMDA receptor antagonists may prove 
to be useful in this disorder, these drugs 
should be used in patients only after 
sufficient supportive data has been 
amassed from preclinical studies. It is 
hoped that this speculative review will 
stimulate research in this important 
area, and lead ultimately to better 
treatments for our patients with Par- 
kinson’s disease. 
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Unilateral Oculomotor Palsy and Bilateral Ptosis 
From Paramedian Midbrain Infarction 


Grant T. Liu, MD; Enrique J. Carrazana, MD; Michael E. Charness, MD 


æ Lesions of the oculomotor fascicles are 
localized clinically by associated neurologic 
deficits. We present two patients with bilater- 
al ptosis, unilateral paresis of all other mus- 
cles innervated by the oculomotor nerve, and 
sparing of the contralateral superior rectus 


muscle—findings suggesting a lesion of the 


proximal oculomotor fascicies and the cen- 
tral caudal subnucleus. To our knowledge, 
these are the first such cases with radiologic 
confirmation of a lesion within the dorsal, 
paramedian midbrain. 

(Arch Neurol. 1991 ;48:983-986) 


Thre oculomotor fascicles sweep ven- 

trally and laterally from the oculo- 
motor complex, pass through and medi- 
al to the red nucleus, and converge to 
exit the brain stem medial to the cere- 
bral peduncles.’ The clinical localization 
of lesions along the dorsal-ventral 
course of the oculomotor fascicles relies 
on associated neurologic findings. Dam- 
age to the ventral fascicles and the near- 
by cerebral peduncle causes ipsilateral 
third-nerve palsy and contralateral he- 
miparesis (Webers syndrome).’ In- 
volvement of fascicles within the red 
nucleus leads to oculomotor palsy with 
contralateral involuntary movements 
(Benedikts syndrome). Extension of 
such a lesion to the brachium conjuncti- 
vum produces additional contralateral 
ataxia (Claude's syndrome).’ When suf- 
ficiently small, fascicular lesions can 
mimic complete or partial extra-axial 


< third-nerve palsies.** Most of these 


have been located in the ventral mid- 
brain, sparing the red nucleus and cere- 
bral peduncles, 

Small lesions of the proximal oculo- 
motor fascicles have been reported only 
rarely.** Extension of such a lesion 
would involve the oculomotor subnu- 
clei, the medial longitudinal fasciculus, 
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and the mesencephalic reticular forma- 
tion, causing ipsilateral oculomotor pa- 
resis and combinations of bilateral pto- 
sis, bilateral superior rectus palsy, 
internuclear ophthalmoplegia, and leth- 
argy.”” We present two patients in 
whom focal infarction of the dorsal, par- 
amedian midbrain led to a unique syn- 
drome of pupil-sparing oculomotor pal- 
sy, lethargy, and bilateral ptosis, 
without affecting the contralateral su- 
perior rectus. 


REPORT OF CASES 

CASE 1.—A 46-year-old man developed 
double vision, bilateral ptosis, and lethargy 
immediately after a percutaneous translu- 
minal coronary angioplasty for a complete 
right coronary artery occlusion. The patient 
had a history of recent myocardial infarction 
and hypercholesterolemia. Examination re- 
vealed pronounced bilateral ptosis in the set- 
ting of mild inattention and drowsiness. He 
could open his eyes only by lifting his lids 
manually. Visual acuity with correction was 
J1 OD and J2 OS. Visual fields by confronta- 
tion were normal. A small cotton wool exu- 
date was noted along the superotemporal ar- 
cade in the left fundus. The pupils were 
equal, round, and reactive to light. In prima- 
ry position the left eye deviated outward and 
downward. There was markedly decreased 
adduction and elevation of the left eye, and 
downward gaze was diminished on abduc- 
tion. Attempted adduction of the left eye was 
accompanied by abducting nystagmus of the 
right eye. All movements of the right eye 
were normal. The remainder of his neurolog- 
ic examination was normal. Magnetie reso- 
nance imaging (48 hours after the event) 
showed a small focus of increased T, signal in 
the left periaqueductal gray matter overlap- 
ping the left media! longitudinal fasciculus 
and caudal third-nerve nucleus (Fig 1). Two 
small punctate foci of increased T, signal 
were seen in the deep white matter of the 
right parietal and frontal lobes. 

Over the first 48 hours right-sided ptosis 
resolved and left-sided ptosis improved con- 
siderably. Four days after the event he 
showed left-sided ptosis and diminished 
function of the left medial, superior, and infe- 
rior rectus and inferior oblique muscles with 
normal eye movements on the right side, 
except for abducting nystagmus on right hor- 
izontal gaze (Fig 2). Abduction and elevation 
of the left eye improved gradually over the 
subsequent week. After 6 weeks he had dip- 
lopia with occasional fused vision, mild left- 


sided ptosis with superior and medial rectus 
paresis, and a mild left-sided internuclear 
ophthalmoplegia. One month later transient 
diplopia was present only on sudden upgaze 
or with fatigue. 

CASE 2.—A 81-year-old, previously 
healthy woman came to the hospital on Janu- 
ary 16, 1990, complaining of sudden dizzi- 
ness, difficulty seeing, and droopy eyelids. 
She smoked cigarettes and took oral contra- 
ceptives. Her blood pressure was 110/80 mm 
Hg and her heart. rate was 60 beats per min- 
ute and regular. There were no heart mur- 
murs. She was drowsy and inattentive but 





easily arousable. Her visual fields and acuity ° 


were normal. There was bilateral ptosis, 
which was worse on the left side. In primary 
position the left eye deviated outward and 
downward. Movements of the right eye were 
normal without abducting nystagmus. The 
left eye could not adduct and had only 30° of 


upward gaze and 45° of downward gaze. The ` i: 


pupils were 2 mm bilaterally and briskly re- 


active to light. She had mild right face and 


arm weakness, right-sided hyperreflexia, 
and truncal as well as gait ataxia. 

The hematocrit, erythrocyte sedimenta- ` 
tion rate, prothrombin time, partial throm- 
boplastin time, and protein C, protein S, and 
antithrombin III levels were all normal. Re- 
sults of laboratory studies revealed that the 
cerebrospinal fluid contained the following 
values: white blood cells, 0.006 x 10°L 
(6/mm") ( lymphocytes, 0.91 [91]; mononu- 
clear leukocytes, 0.05 [5]); red blood cells, 
1 x 10°/L (1/mm’); glucose, 3.4 mmol/L 
(62 mg/dL); and protein 0.46 g/L (46 mg/dL). 
Rapid plasma reagin and antinuclear anti- 
body were negative. Echocardiogram and 
24-hour Holter monitor were normal. Mag- 
netic resonance imaging 1 day after the event 
demonstrated three foci of increased T, sig- 
nal in the left side of the midbrain: one located 
in the periaqueductal gray, one lateral to the 
red nucleus, and the third in the lateral por- 
tion of the cerebral penduncle (Fig 3). She 
was much more alert 2 days after admission. 
One week later, right-sided ptosis had re- 
solved almost completely, left vertical gaze 
was improved, but she still showed mild left- 
sided ptosis and had only 10° of adduction, 


COMMENT 


Both patients had focal infarcts of the 


dorsal midbrain in the territory of the . 


perforating paramedian branches of the 
proximal posterior cerebral artery 
(mesencephalic artery)" Biller and 
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colleagues” described a man who, like 
patient 1, developed a midbrain stroke 
after percutaneous transluminal coro- 
nary angioplasty. In Dawson and Fi- 
scher’s”™ review of the neurologic com- 
plications of cardiac catheterization, 
five of 10 affected patients developed 
pontine and mesencephalic dysfunction, 
most likely as a result of artery-to-ar- 
tery embolization. They postulated that 
catheter-induced trauma to the aorta or 
to the origin of the vertebral, inominate, 
or subclavian arteries might cause em- 
bolization preferentially to the verte- 





Fig 1.—Magnetic resonance imaging (TR= 2000 milliseconds, TE=80 milliseconds) of the 
midbrain in patient 1, 2 days after his infarct. A single area of increased T, signal (arrow? is seen in 
the left paramedian midbrain involving the caudal portion of the oculomotor nucleus, the medial 
longitudinal fasciculus, and the periaqueductal gray matter. 





brobasilar circulation. Patient 1 had evi- 
dence for embolization in both the 
anterior and posterior circulations, in- 
volving the midbrain, retina, frontal 
lobe, and parietal lobe. Patient 2 likely 
suffered a thrombotic stroke as a conse- 
quence of her use of oral contraceptives 
and cigarettes, two additive risk factors 
for thrombosis." The sudden onset of 
symptoms, improvement within days, 
and cerebrospinal fluid profile were con- 
sistent with infarction, and a search for 
other causes, short of angiography, was 
unrevealing. 





Fig 2.—Eye movements in patient 1, 4 days 
after his infarct. All of the abnormalities are in 
the left eye, including ptosis, diminished eleva- 
tion on right and left upward gaze, and mildly 
diminished adduction and depression. By this 
time the right-sided ptosis had resolved and the 
left-sided ptosis, adduction, and depression 
had improved considerably. 





Fig 3.—Magnetic resonance imaging (TR = 2000 milliseconds, TE =89 
milliseconds) of the midbrain in patient 2, 1 day after her infarct. Three 
discrete regions of increased T, signal are seen. The left paramedian 
lesion (arrow) is nearly identical to that of patient 1 (Fig 2). Additional 
lesions in the left lateral peduncle and lateral to the red nucleus shouid 
spare the third-nerve fascicles, which course through and medial to the 
red nucleus before exiting the brain stem in the interpeduncular fossa. 


Fig 4.— Anatomy of the oculomotor complex, as proposed by Warwick." 
The superior rectus (SR) muscle is innervated by a contralateral 
subnucleus. The central caudal nucleus (CCN) innervates both levator 
palpebrae muscles. The Edinger-Westphal subnucleus (E-W) and sub- 
nuclei for the inferior rectus (IR), inferior oblique (IO), and medial rectus 
(MR) muscle are arranged ipsilaterally. SO indicates superior oblique; 
LR, lateral rectus; and nuclei of the fourth (IV) and sixth (VI) cranial 
nerves (reproduced from reference 20 as modified from Warwick, ** with 
permission from Wiley-Liss). 








Ocular findings in these two patients 
were confined to extraocular muscles 
innervated by the left third nerve: supe- 
rior, medial, and inferior rectus, inferi- 
or oblique, and levator palpebrae. In 
-both cases, ptosis was bilateral and 
asymmetric, being worse ipsilateral to 
the ophthalmoparesis. The pupils were 
spared and all movements of the right 
eye were normal to bedside examina- 
tion. (It is conceivable that minor in- 
volvement of the right superior rectus 
muscle might have been detected using 
more sensitive methods, such as Lan- 
caster testing.) Within 1 week, both pa- 
tients showed only left-sided abnormali- 
ties, including ptosis, decreased 
elevation, and impaired adduction, the 
latter due to an internuclear ophthalmo- 
plegia in patient 1 and a medial rectus 
palsy in patient 2. 

The selective involvement of oculo- 
motor function and the relative paucity 
of additional neurologic signs suggests 
that both patients suffered small lesions 
of the paramedian midbrain. Bilateral 
ptosis is the hallmark of involvement of 
the central caudal subnucleus and local- 
izes the lesions to the caudal oculomotor 
complex and its immediate vicinity." 
The preservation of pupillary function 
implies sparing of the Edinger-West- 
phal complex and serves to delimit the 
dorsal and rostral extent of the nuclear 
lesion.“ The internuclear ophthalmople- 
gia in patient 1 indicates involvement of 
the left medial longitudinal fasciculus, 
adjacent to the oculomotor complex, 
and drowsiness in both patients could be 
explained by transient disconnection of 
the midline midbrain reticular forma- 
tion from the thalamus.’ 

This clinical neuroanatomic localiza- 
tion was confirmed by magnetic reso- 
nance imaging, which disclosed a small 
lesion in the dorsal paramedian mid- 
brain in each patient. Although patient 
2 had two additional lesions in the ven- 
tral midbrain, it is doubtful that these 
contributed significantly to her oculo- 
motor deficit since both were lateral to 
the third-nerve fascicles." The lesion in- 
volving the left cerebral peduncle likely 
explains her right hemiparesis, where- 
as that lateral to the left red nucleus 
could have caused her ataxia by inter- 
rupting fibers from the superior cere- 
bellar peduncle in the dentatorubrotha- 
lamic tract." 

According to Warwick's" scheme for 
the subdivisions of the oculomotor nu- 
clei, the midline central caudal nucleus 
supplies both levator palpebrae mus- 
cles, and each superior rectus muscle is 
innervated by a contralateral subnu- 
cleus (Fig 4). Ipsilateral subnuclei sub- 
serve the remaining extraocular mus- 
¢les innervated by the third nerve and 
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the parasympathetic pupillary constric- 
tor fibers." Bienfang” demonstrated 
that axons from each superior rectus 
subnucleus cross the midline and pass 
through the contralateral subnucleus 
before reaching the opposite third 
nerve. Unilateral lesions of the oculo- 
motor complex should therefore cause 
bilateral ptosis, ipsilateral mydriasis, 
ipsilateral palsy of the medial rectus, 
inferior rectus, and inferior oblique 
muscles, and bilateral superior rectus 
palsy. 5777 

A small number of patients have been 
described in whom dorsal paramedian 
midbrain lesions have caused bilateral 
ptosis and ipsilateral oculomotor pare- 
sis." When present, involvement of 
the superior rectus has been either bi- 
lateral, from a nuclear lesion, ®®® or 
contralateral, from a supranuclear le- 
sion.” Our patients are unique because 
oculomotor paresis and bilateral ptosis 
were unaccompanied by significant in- 
volvement of the contralateral superior 
rectus muscle. Although Caplan” brief- 
ly mentioned two patients with bilateral 
ptosis, complete ophthalmoplegia on 
one side, and “(no) other signs of third 
nerve deficit” on the other side, there 
was neither radiologic nor pathologic 
confirmation of the suspected midbrain 
lesion. 

How could a lesion of the dorsal para- 
median midbrain produce bilateral pto- 
sis and ipsilateral elevator palsy? The 
central caudal and superior rectus sub- 
nuclei are adjacent structures." If the 
elevator palsy, like the bilateral ptosis, 
was caused by a nuclear lesion, then the 
superior rectus subnucleus would have 
to have been uncrossed, contradicting 
anatomic studies in several mammalian 
species. ™™®= More likely, the elevator 
palsy was supranuclear or infranuclear. 

Ipsilateral” and contralateral™” mid- 
brain lesions have been reported to 
cause monocular, supranuclear paresis 
of elevation, presumably by interrupt- 
ing axons from the rostral interstitial 
nucleus of the medial longitudinal fas- 
ciculus, which is believed to mediate up- 
gaze.” However, in our patients, pare- 
sis of the superior rectus and inferior 
oblique muscles was distinguished by 
hypotropia in primary gaze, typically 
absent in a supranuclear lesion.” 
Hence, the most likely explanation for 
their ipsilateral elevator palsy is a lesion 
in the oculomotor fascicles. The pattern 
of recovery suggests that the major 
damage was infranuclear; contralateral 
ptosis resolved within a few days, leav- 
ing unilateral ptosis and ipsilateral ele- 
vator palsy (Fig 2). These findings sup- 
port the proposal that axons destined 
for the superior rectus, inferior oblique, 
and levator palpebrae muscles segre- 





gate dorsolaterally within the oculomo- 
tor fascicles." 

Precise anatomic correlation of this. 
oculomotor disorder ultimately re- 
quires postmortem examination. None- 
theless, the nearly identical clinical and 
magnetic resonance findings in these 
two patients delineate a new syndrome 
of the proximal oculomotor fascicles. 
The sudden onset of lethargy, bilateral 
ptosis, and ipsilateral third-nerve pal- 
sy, with sparing of the contralateral su- 
perior rectus should suggest a lesion of 
the dorsal paramedian midbrain, includ- 
ing the proximal oculomotor fascicles 
and the adjacent central caudal 
subnucleus. 


We are grateful to Don Bienfang, MD, Brigham 
and Women's Hospital, Boston, Mass, for helpful 
discussions and critical review of the manuscript. 
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of Interhemispheric Disconnection, 
and Right-handed Agraphia in a Left-hander 


A. Rosa, MD; M. Demiati, MD; L. Cartz, MD; J. P. Mizon, MD 


@ We present an original case of Marchia- 
fava-Bignami disease in a 47-year-old left- 
handed alcoholic man. Computed tomogra- 


: ; phy and magnetic resonance imaging 
y demonstrated the typical lesion, a necrosis 
ofthe middle portion of the corpus callosum. 


Diagnosis may thus be established in the 
living. In our case, the course was not fatal, 
which, to our knowledge, has only been de- 
scribed in four other cases in the literature. 
Clinically, our patient demonstrated an inter- 
hemispheric disconnection syndrome. The 
striking feature is that some of the symptoms 
were on the side opposite of the one that has 
previously been described in the literature, 
eg, right-handed agraphia, while others were 
onthe usual side, eg, left-handed anomia. We 
discuss cerebral dominance for speech and 
handedness in left-handers and come to the 


~. conclusion that our patient's clinical fea- 


tures can only be explained by right hemi- 
spheric dominance for handedness and 
bilateral hemispheric representation of 
speech. 

{Arch Neurol. 1991;48:986-988) 


archiafava-Bignami disease is an 
uncommon disorder associated 
with alcoholism, presumably of nutri- 
tional or metabolic origin. This disease 
is defined by its pathologic features, ie, 
asymmetrical demyelination of the mid- 
dle portion of the corpus callosum, with 
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or without necrosis. The clinical fea- 
tures of the disease are quite variable, 
and diagnosis was rarely made before 
postmortem examination until comput- 
ed tomography and magnetic resonance 
imaging were introduced. In some 
cases, the diagnosis is suggested by a 
syndrome of interhemispheric discon- 
nection.’* The course of the disease is 
usually fatal, yet we found four cases of 
recovery in the literature.” 

We report the case of a left-handed 
alcoholic patient with Marchiafava-Big- 
nami disease. The patient recovered, 
and special testing revealed an inter- 
hemispheric disconnection syndrome 
characterized by right-handed agraphia 
and apraxia, a sign of the foreign hand 
on the right side, and left-handed 
anomia. 


REPORT OF A CASE 


A 54-year-old left-handed male alcoholic 
was found unconscious at his home and was 
admitted to the hospital. Since his wife had 
left home 8 weeks previously, he had eaten 
very little but had continued drinking. Gen- 
eral physical examination revealed malnu- 
trition. The patient was confused and disori- 
ented as to time and space. Neurologic ex- 
amination revealed ataxia and gegenhalten. 
The ankle reflexes were abolished. There 
was no motor or sensory deficit. Plantar re- 
flexes were flexor. No ocular motor distur- 
bances were noted. The results of routine 
laboratory tests were normal. A cranial com- 
puted tomographic scan with and without 
contrast medium showed abnormal hypoden- 
sity of the corpus callosum, extending from 
the genu to the splenium; there was no con- 
trast enhancement. The patient received thi- 
amine treatment, and within a week he had 
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partially recovered: consciousness was nor- 
mal, and the ataxia and gegenhalten had dis- 
appeared. Cranial magnetic resonance imag- 
ing was performed on day 15 (Fig 1). A low- 
signal intensity area was demonstrated in 
the corpus callosum, extending from the 
genu to the splenium in T,-weighted images. 
In T,-weighted images, the abnormal area 
was demonstrated as a high-intensity area, 
which extended beyond the corpus callosum 
into the hemispheric white substance of the 
frontal horns. Neuropsychological testing 
was performed; then the patient was trans- 
ferred to a convalescence ward. Six months 
later, a second series of neuropsychological 
tests were performed. A detailed account of 
his cognitive deficits is given below. A new 
computed tomographic scan showed the 
same abnormalities. Cerebral blood flow 
studies were performed with technetium Tc 
99m exametazime and the scintillation cam- 
era. Several areas of decreased perfusion 
were demonstrated: the posterior zone of the 
frontal lobe and the parietal lobe of the right 
hemisphere; the temporo-occipital area of 
the left hemisphere; and the right cerebellum 
hemisphere with cerebellum diaschisis. 


NEUROPSYCHOLOGICAL FINDINGS 


The patient was tested once he had 
recovered normal consciousness. The 
results were as follows: 

1. Spontaneous speech was intact. 
Comprehension of verbal or written ma- 
terial was good. When asked to write, 
under dictation, spontaneously, or 
copying, the patient performed well 
with his left hand, but was unable to 
draw letters or words with his right 
hand (apraxic agraphia) (Fig 2). Draw- 


ing geometric figures was disturbed ~ 


with both the left and the right hands 
(constructional apraxia). 
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Fig 1.—Cranial magnetic resonance imaging 
scan. There was a low-signal intensity area in 
«the corpus callosum in T,-weighted images. 


Fig 2.—Apraxic agraphia of the right hand. Writing 
under dictation: letter b. 


2. Objects placed in the patient's right 
hand with his eyes closed were easily 
named. In the left hand, objects were 
not identified or with much delay, yet 
the patient could pick them out among 
others presented to him. In the same 
fashion, objects were named when pre- 
sented in the right visual field, but not in 
the left. In the left visual field, the pa- 
tient would deny seeing anything, yet 
he could correctly identify the objects 
among others. 

3. Cooperation between the patient's 
left and right hands was disturbed, and 
the patient demonstrated diagnostic 
dyspraxia with an “alien” right hand. 
For instance, a scene observed during 
breakfast: if the right hand grasps a 
slice of bread, the patient is unable to 
release it, and when the left hand tries 
to take it from the right hand, there is an 
opposite movement of avoidance. 

4. When asked to perform commands, 
¿othe patient was disinclined to use his 
-right hand, and when he did, responses 
~ were delayed. There was desynchroni- 
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zation of bilateral symmetrical move- 
ments, such as clapping hands together 
and on the lap. 

5. As for performing to verbal com- 
mand, responses were delayed or incor- 
rect with right hand, although intent 
was good. The left hand performed well. 
Imitation was well done with both 
hands. 

Six months later in follow-up, neuro- 
psychological testing confirmed apraxic 
agraphia without aphasia in the right 
hand and bilateral constructional aprax- 
ia, which predominated in the right 
hand. There was persisting anomia (tac- 
tile aphasia) of the left hand. Tachistos- 
copy studies confirmed extinction of the 
left visual field. Dichotie testing re- 
vealed extinction of the left ear as well. 
Diagnostic dyspraxia and the night 
“alien hand” persisted. Crossed motor 
activities were impossible to perform, 
while imitation of ipsilateral activities 
was correct. There was right-hand ideo- 
motor apraxia with neglect of the right 
hand. 


COMMENT 


The diagnosis of Marchiafava-Big- 
nami disease in our patient was estab- 
lished on the association of a history of 
severe alcoholism, a clinical syndrome 
of interhemispheric disconnection, and 
neuroradiological images of extensive 
necrosis of the corpus callosum. 


Course and Prognosis 


Our patient did not die of Marchia- 
fava-Bignami disease. Such a favorable 
clinical course is uncommon. We found 
four cases in the literature with a similar 
clinical course.” 

Delangre et al’ suggested that pa- 
tients who survived had incomplete le- 
sions with relative sparing of the superi- 
or commissure fibers, whereas lesions 
extending into the convolution white 
matter brought about death or severe 
dementia. This hypothesis was not con- 
firmed by our case, in which magnetic 
resonance imaging demonstrated le- 
sions that extended about the frontal 
horns and yet the clinical course was 
favorable. 


Syndrome of Interhemispheric 
Disconnection and Agraphia 


Bykov and Speransky’ and Myers* 
demonstrated that corpus callosum is 
necessary for interhemispheric transfer 
of information in animals. The clinical 
aspects of postcallosotomy patients 
have been studied by Gazzaniga et al," 
Geschwind and Kaplan," and Bogen and 
Bogen", who showed that in animals 
and man, after section of the corpus cal- 
losum, the two isolated half brains be- 






have independently, and that transfer 
of information is no longer possible be- 
tween them. 


Liepmann and Maas” were the firstto 
point out that unilateral apraxia and oh 
agraphia in the absence of aphasia could < 


be the signs of interhemispheriec discon- 
nection. This was confirmed by the 
studies of Gazzaniga et alf and Gesch- 
wind and Kaplan.” However, in these 
previous cases, agraphia and apraxia 
existed in the left hand, not in the right 
hand. In our case, agraphia and apraxia 
occurred in the right hand. 

From a neuropsychological point of 
view, we found only four cases of right- 
handed agraphia without aphasia in the 
literature that could be explained bya 
interhemispheric disconnection. Unlike 
these four cases, our patient’s lesion 
was limited to the corpus callosum. 

Dejerine and Thomas” reported the 
case of a 49-year-old woman, left-hand- 
ed except for writing, who presented 
with left hemiplegia and aphasia. By the 
end of her illness, 5 years later, she had 
recovered speech, and she had left 
hemiplegia with agraphia in the intact 
right hand. At postmortem, the brain 
showed no lesion in the left hemisphere, 
but a massive infarction was seen in- 
volving the right hemisphere and de- . 
stroying the right side of the corpus 
callosum. In this case, there was 
agraphia in the hand opposite of an in- 
tact left hemisphere, which was capable 
of other language activities associated 
with a lesion of the right side of the 
corpus callosum. 

The case of Nielsen" involved a left- 
handed man who wrote with his right 
hand. The patient abruptly developed 
weakness of his right leg and lost the 
ability to write with his right hand. 
Writing was still possible with his left 
hand. The clinical features suggest 
stroke in the anterior cerebral artery 
territory with lesions of the anterior 
four fifths of the corpus callosum." 

The patient of Botez and Crighel” was 
a 55-year-old woman. She was ambidex- 
trous but wrote with the right hand, and 
her sister was left-handed. Embolism of 
the left middle cerebral artery caused 
receptive aphasia in this patient. Aftera 
rapid recovery, she developed a partial 
syndrome of interhemispheric discon- 
nection consisting of writing disorders 
and tactile aphasia of the right hand, 
without agraphia of the left hand or 
aphasia. The evidence in this case sug- 
gested to the authors that their pa- 
tients representation of speech was bi- 
lateral and that of her writing was right 
hemispheric. 

Heilman et al” described a left-hand- 
ed 62-year-old man who developed a left 
hemiplegia without aphasia or alexia, 


Marchiafava-Bignami Disease—Rosaetal 987 





and who lost ability to write with his 
right hand. He was right-handed for 
writing and one of his brothers was left- 
handed. He also showed severe right 
apraxia and extinction of the left side on 
testing with simultaneous auditory, so- 
mesthetic, and visual stimuli. These 
symptoms suggested a partial syn- 
drome of interhemispheric disconnec- 
tion. Analysis of this case suggested to 
the authors the presence of language 
dominance in the left hemisphere and 
dominance for handedness in the right 
one. 

Another particularity in the inter- 
hemispheric disconnection syndrome of 
our patient is that the “sign of the for- 
eign hand” affected the right side, not 
the left. This sign was described by 
Brion and Jedynak”: the patient com- 
plains that his hand does not obey and 
has difficulties recognizing his hand as 
being his own. When both hands are 
held behind his back, “the patient is un- 
able to tell who the hand belongs to 
although he is perfectly aware of the 
presence of another hand in his own.” 
This sign is not constantly present in the 
syndrome of interhemispheric discon- 
nection, but when it exists, it is very 
important for diagnosis. It has been de- 
scribed on the left side or bilaterally. In 
our ease, the sign affected the right side 
only, which, we believe, has not previ- 
ously been described in the literature. 


Cerebral Dominance 


Several authors have studied the 
problem of cerebral dominance. Botez“ 
distinguished three types: (1) an abso- 
lute cerebral dominance of the left hemi- 
sphere in right-handed subjects without 
family history of left-handedness; (2a 
bilateral cerebral dominance in right- 
handed subjects with familial left-hand- 
edness, in left-handed subjects, and in 
ambidextrous subjects; and (3) a disso- 
ciated cerebral dominance in some sub- 
jects who have one of the speech func- 
tions located in one hemisphere and the 
remaining functions in the other. 

Liepmann™ suggested that manual 
dominance reflects the ability of one 
hemisphere to learn motor tasks more 
promptly than the other. According to 
this hypothesis, in some people, lan- 
guage dominance could be in one hemi- 
sphere and dominance of handedness in 
the other. 

In their study of agraphia and apraxia 
in a left-hander, Heilman et al” suggest- 
ed that a left-hander who is right-brain 
dominant for motor control may be ei- 
ther right brained or left brained for 
speech dominance. If a patient is right 
brained for both complex motor se- 
quence learning and speech, and writes 
with the right hand, a callosal lesion 
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should produce right-sided agraphia 
and apraxia but no left-sided agraphia; if 
the patient is right brained for handed- 
ness and left brained for speech, and 
writes with the right hand, a callosal 
lesion should produce bilateral agraph- 
ia, apraxic agraphia in the right hand, 
and aphasic agraphia with ideomotor 
apraxia in the left hand. They added 
that their conclusions would be modified 
if, after the callosal lesion, the patient 
could shift to the other hemisphere for 
speech or motor control. 

In our case, left-handed anomia and 
extinction of audition of the left ear sug- 
gest left hemisphere dominance for 
speech, while apraxic agraphia and 
ideomotor apraxia predominating on 
the right side suggest right hemisphere 
dominance for handedness. The fact 
that, instead of bilateral agraphia, our 
patient showed only apraxic agraphia of 
the right hand can be explained by two 
hypotheses: either there was transfer of 
dominance from one hemisphere to the 
other after the onset of the callosal le- 
sion, as suggested by Heilman et al,” or 
the patient had bilateral cerebral domi- 
nance for language functions from the 
start, as suggested by Botez and 
Crighel."* We believe that the second 
hypothesis best explains the clinical 
features. 

Analysis of the left-handed anomia in 
our patient suggests that the right pari- 
etal lobe had no functional connection 
with the area of representation of 
speech in the right hemisphere, but was 
exclusively dependent of the area of 
representation of speech in the left 
hemisphere for naming objects placed in 
the left hand. Finally, it is interesting to 
note that the cerebral blood flow studies 
demonstrated decreased perfusion of 
the posterior zone of the frontal and 
parietal lobes of the right hemisphere 
and of the temporo-occipital area of the 
left hemisphere. These areas are con- 
sidered to be possible representations 
of language functions. According to 
Nielsen," lesions of the posterior part of 
the middle frontal gyrus (Hexner’s 
area) or lesions of the angular gyrus can 
bring about agraphia. This author con- 
sidered these zones to be the area of 
memorization of the writing movements 
and the area of visualization of written 
language, respectively, and believed 
that coordination of these two areas is 
necessary for the execution of writing 
movements. 

According to Hrbek,” representation 
of the writing muscles’ motor control is 
situated in the posterior part of the mid- 
dle frontal gyrus, and that of the act of 
writing itself (praxia) is in the parietal 
lobe: lesions of these zones could pro- 
duce agraphia. In our case, neuroradio- 


logical investigations showed no lesion _ 
in these part of the hemispheres. De- 
creased blood flow may be considered as 
a sign of decreased activity, which could 
be an indirect sign of the disconnection. 


The second series of neuropsychological tests 
performed in this study were administered by P. 
Bachkine, MD, Hôpital La Pitié-Salpêtrière, Paris, 
France. 
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Professional Opportunities. 


KANSAS — Board-certified, board-eligible neurol- 
agist to join child neurologist in rebuilding a three- 
person practice in the largest city in Kansas. Three 
large, well-equipped hospitals available for resident 
and undergraduate medical education. Located in 
clean, progressive community described as the 
franchise capital of the country. Competitive salary 
and benefits available. Send CV to: Richard C. 


MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. Con- 
tact: William Gfeller, 450 Hookahi Street, Wailuku, 
Maui, Hi 96793. (808) 244-5541. 


SOUTHEAST COAST — Pediatric Neurologist: 
Excellent quality of life available in Savannah-Hilton 
Head Area, site of the 1996 Olympic Games sailing 
events, Outstanding recreational opportunities, 
nation’s largest urban Historic District, and superb 
symphony are among the attractions of living here. 
A well-trained, personable neurologist with speciai 
competence in child neurology is needed for a busy 
practice, currently consisting of two adult neurolo- 
gists and one neurologist doing adult and child neu- 
rology, all with strong academic backgrounds. CT, 
EEG, EMG and physical therapy are available in- 
office with large hospital practice available in three 
hospitals, including a major regionai teaching hos- 
pital, affiliated with the Medicai College of Georgia. 
First year guarantee is $80,000 plus bonus, leading 
to full partnership after two years. Earnings poten- 
tial, availability of strong multi-speciaity support, 
and opportunities for teaching are extraordinary. If 
interested contact: Randy Wellman, Office Man- 
ager, Savannah Neurological Associates, PC, P.O. 








ADULT NEUROLOGIST to associate with two 
separate, busy solo neurologists. Practices are ref- 
erral based, with two separate offices and three 
voluntary hospitals. Successful candidate would be 
expected to develop a separate solo, but collabora- 
tive practice. Established physicians would expect 
to provide substantial support for beginning physi- 
cian. Opportunity would provide for cross coverage 
and joint venturing of facilities. Successful candi- 
date should have excellent clinical skilis. The medi- 
cal community has excellent neurophysiology, neuro- 
radiology, and neurosurgery. Located in a medium 
size city with both excellent living conditions and an 
extremely solid economic base. Please contact: Jef- 
frey A. Ribner, MD, 503 Plaza Drive, Vestal, NY 
13850. (607) 729-1521 or Robert R. Taylor, Jr.. MD, 
269 Riverside Drive, Johnson City, NY 13790. (607) 
798-7143. 





politan area sought by busy four person group. We 
seek a personabie, energetic clinician with compe- 
tence in EEG, EMG, EP. Other subspecialty exper- 
tise welcomed. Respond with CV to: Larry Ein- 
binder, MD, 8200 Wisconsin Avenue, Bethesda, MD 
20814, 





gist to join two neurologists in busy clinical practice. 
All neurodiagnostics available. Salary leading to 
partnership. Position available immediately. Send 
CV to: Marilyn Miller, 145 Dillon Drive, Spartanburg, 
SC 29302. 


nity for an adult neurologist who would like to join a 
group of nine neurologists. Our group includes 
child neurologist, neuromuscular specialists and 
neurorehabilitation specialists. We live in a beauti- 
ful, high tech, beachside community with great 
schools and affordable housing. Please send CV to: 
Search Committee. P.O. Box 693, Melbourne, FL 
32902. 
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-Professional Opportunities 
CLINICAL NEUROLOGIST — The Division of Neu- 
rology at The Mary Imogene Bassett Hospital is 
seeking a fourth neurologist in the practice of pedi- 
atric and adult neurology. The candidate must be 
BE/BC and interested in teaching. The Bassett Hos- 
pital is a multi-specialty group practice which pro- 
vides primary and tertiary care to a ten-county rural 
region of Upstate New York, and is a major teaching 
affiliate of Columbia University. Members of the Div- 
ision of Neurology hold faculty appointments at 
Columbia and Darmouth medical schools. The area 
combines environmental, recreational, and cultural 
advantages with excellent schools. We offer a com- 
petitive salary, faculty appointment, and liberal 
fringe benefits. Please send CV and correspon- 
dence to: Mary Anne Whelan, MD, Division of Neu- 
rology, The Mary Imogene Bassett Hospital, One 
Atwell Road, Cooperstown, NY 13326. (607) 
547-3240. 








METROPOLITAN 
WASHINGTON, DC AREA 


Rapidly expanding neurology practice, 
with multiple locations, is seeking a BE/BC 
neurologist to join our dynamic team. Our 
offices are conveniently located, providing 
easy access to the areas finest hospitals as 


well as the nation’s capital. We offer a com- 
petitive salary, excellent benefits and the 
opportunity for partnership. For more 
information please call or write: 


William C. Nantz 
10721 Main Street, Suite 2500 
Fairfax, VA 22030 è (703) 352-5861 


NEUROLOGIST — Beautiful Durango, Colorado is 
recruiting a BC/BE neurologist: Mercy Medical Cen- 
ter is an extremely progressive and active 100-bed 
facility and is doing weil financially and growing — 
primarily due to an excellent staff of 90 physicians 
and a decent economy. Durango is located in 
southwestern Colorado, with an abundance of out- 
door recreation (skiing, fishing, hunting, bicycling) 
excellent restaurants, an excellent local 4-year col- 
lege, great weather and excellent schools! For more 
informaion about this excellent practice opportuni- 
ty, mail CV or call: Bob Conrad, Vice President, 
Mercy Medical: Center, 375 East Park Avenue, 
Durango, CO 81301. (303) 247-3804. 
INDIANAPOLIS METROPOLITAN AREA: Young 
and aggressive Indianapolis neurological group 
seeks board-eligible or -certified associate. Broad 
spectrum of clinical experience is important. Expe- 
rience in EEG, evoked potentials and EMG is neces- 
sary. Sub-specialty training is desirable, but not 
necessary. indianapolis is a desirable, growing, 
clean and safe community. Exceltent salary plus 
bonus and beneifts leading to partnership opportu- 
nity. Send CV to: Midwest Neurological Insitute, 998 
East Main Street #202, Danville, IN 46122. 





CHICAGO SUBURBAN solo practitioner with a 
busy practice seeking a full-time BC/BE clinical 
neurologist. EMG skills required. Immediate open- 
ing. Wonderful opportunity to expand with possible 
early partnership. Reply with CV to: Yvonne Jurcik, 
MD, 125 East Lake Cook Road, Buffalo Grove, IL 
60089. 





PLEASE NOTE—Address replies to box number 
ads as follows: Box number . c/o AON, 
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EXCELLENT OPPORTUNITY for BC/BE neurolo- 
“gist to join 80-physician comprehensive, multi- 
specialty group in San Francisco Bay Area. Large, 
varied referral base from Pediatrics, IM, FP, and 
Surgery. EMG/NCV, EEG, Evoked Response Test- 
ing, CT, MRI, Radiology support all available on site. 
Opportunity to interface with specialists of all types 
including neurosurgeons. Major university teaching 
affiliation encouraged and possible. Close proxim- 
ity to 400-bed full service, modern hospital serving 
population of 300,000. Competitive guaranteed 
salary with bonus productivity plan for initial 18 
months leading to partnership track. Extensive 
benefit package including housing incentives. Uni- 
que cultural, recreational and educational opportu- 
nities. Send CV to: Gary D. Zweig, MD, Recruitment 
Chairman, Sunnyvale Medical Clinic, P.O. Box 
3496, Sunnyvale, CA 94088-3496. 


OCHSNER NEUROLOGIST — The Ochsner Clinic 
of Baton Rouge seeks qualified neurologists to 
expand its department in our multi-specialty regional 
clinic. The practice offers an opportunity to practice 
in a setting which supports innovation and involve- 
ment in education and research. Competitive salary 
and excellent fringe benefits program. Send CV to: 
Ochsner Clinic of Baton Rouge, Physician Recruit- 








NEUROLOGIST: Urban area in North Carolina. 
BC/BE, to join soto neurologist in a rapidly expand- 
ing, progressive and active practice. All neurodiag- 
nostic modalities available. Excellent salary leading 





gist to practice in large eastern metropolitan area. 
Opening for July 1992 or earlier, for private practice 
with geographic full-time appointment at large 
teaching institution. Medical school appointment, 
teaching and research opportunities. Subspecialty 
in movement disorders, muscle diseases or neuro- 
oncology preterred but not required. Submit CV to: 
P.O, Box 5849, Pittsburgh, PA 15209-0849. 


Neurologist 


The Mason City Clinic 
is a progressive 
multi-specialty clinic in 
the Heartland. 









We are looking for a 
neurologist to join our very 
busy practice. Small-town 
security within two 
hours of Minneappolis 
and Des Moines. 


MRI, CT, sleep lab, EEG, EMG, 
neurosurgery, Cardiac surgery, 
orthopedic surgery, cancer 
center, Gl lab, and ENT 
capabilities. 







Excellent salary 
and benefits. 


Submit CV to: 


Ralph A. Wolf, Administrator 


300 N. Eisenhower Avenue 
Mason City, IA 50401 


(515) 423-2435 






































*Florida Gulf Coast 










family oriented communities, 


















requested to send curriculum 


Box 897 








ADULT NEUROLOGIST _ 


Immediate private practice, solo and group opportunities 
available for board certified or board admissible 
neurologists in the following locations: 


* Middle Tennessee * 


*North Central Indiana 


You will find excellent private practice opportunities in 


establishment packages which include salary/revenue 
guarantee, relocation and much more. Neurologists 
interested in these or other available positions are 


DENNIS BOTTOMLEY 
Physician Placement Service of America 
330 Franklin Rd. 


Brentwood, TN 37024 
or call: 1-800-359-7421 
FAX: 615-395-4764 
































*North Carolina 
*South East Texas 


competitive practice 


vitae in confidence to: 






















BC/BE NEUROLOGIST — Exceptional opportunity 
to establish a practice in northwest Denver suburb. 
No investment required. Strong referral base. Op- 
portunity to affiliate with two busy neurologists with 
office located adjacent to beautiful 400-bed hospital 
with state-of-the-art technology. Excellent oppor- 
tunity for subspecialty trained with a strong interest 
in the clinical care of patients. Send CV to: Box #819, 
c/o AON. 


NEUROLOGIST — The Cleveland VA Medical Cen- 
ter is recruiting for a part-time (5/8) position for a 
neurologist. The applicant must be board-certified 
or board-eligible in neurology, have expertise in 
both EMG and EEG and satisfy requirements for 
appointment in the Neurology Department at Case 
Western Reserve University. Responsibilities include 
attending neurology outpatient clinics in Youngs- 
town, Canton, Brecksville, and Cleveland, Ohio, in 
addition to his/her responsibility for inpatient, con- 
sult services, reading EEGs and performing EMGs. 
Interested individuals should contact: Thomas R. 
Claflin at (216) 526-3030, Extension 7916. Or send a 
resume to his attention: Personnel Service 05(B), 
VAMC, 10000 Brecksville Road, Brecksville, OH 
44141. The Cleveland VAMC is proud to be an equal 








and area. Opportunity to work with highly respected 
neurologist within a multi-specialty group. Practice 
to include: adult neurology. EEG, EMG, evoke 
potentials, CT and MRI. This vibrant community of 
150,000 is located along the front range of the beau- 
tiful Rocky Mountains providing for a lifestyle second 
to none. Highly competitive first year income plus 
comprehensive benefits and relocation followed by 
partnership offering. For further details reply to: 
Wendy Perlman, 9360 Sunset Drive, Suite 250, 
Miami, FL 33173. Or cali: (800) 368-2416, Extension 
118. 


CHARLOTTE, NORTH CAROLINA: High quality 
group of five neurologists, all of whom are subspe- 
cialized, seeks to adc a well-trained specialist. Con- 
tact: Mike Kaufman, MD, 1900 Randolph Road, 
Suite 1010, Charlotte, NC 28207. Or call: (704) 
334-7311. 
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dementia, sleep or EEG to join existing neurologic 
group in southeastern Wisconsin. Two full-time 
neurologists and part-time pediatric neurologist 
and neuropsychologist. Rapidly expanding practice 
located one hour north of Chicago. Early partner- 
“ship. Salary negotiable. Contact: Raymond J. 
Rybicki, MD, (414) 631-8550 or send CV to: 3803 
Spring Street, Suite 201, Racine, WI 53405. 





thirty-five physician multi-specialty group. Excel- 
lent clinic and hospital facilities. Very competitive 
salary and benefit package. Excellent opportunity. 
Good hunting, fishing. Good schools, a beautiful 
place to raise a family. Cali Executive Administrator 
collect (701) 857-0236, or write: Medical Arts Clinic, 
PC, P.O. Box 1489, Minot, ND 58702-1489. 


SOUTHERN CALIFORNIA 


Outstanding opportunity for motivated BC/BE 
neurologist with clinical and electrodiagnostic 
proficiency. Join a solo neurologist in an 
established and respected office and hospital- 
based practice. Balanced private/PPO/HMO 
profile. Excellent growth prospects. 


New office with fully equipped eletrodiag- 
nostic laboratory located in North Orange 
County. Area offers attractive living condi- 
tions, recreational opportunities and excellent 
public schools. 


Generous guaranteed salary and benefit pack- 
age with opportunity for early partnership. 


Box 821, c/o AON 





DURANGO, COLORADO: Need BC/BE neurolo- 
gist to join neurosurgeon in southwest Colorado. 
Near 94 acute plus 11 skilled nursing bed hospital 
(Mercy Medical Center). 140,000 catchment area. 
No neurologist now based in Durango. Sole neuro- 
“| Surgeon presently in private practice, Medical Direc- 

|. tor Pain Rehabilitation Center, plus directs neuro- 
diagnostic lab (EEG, EMG, NCV, evoked potentials, 
brain mapping, thermogram). Needs help! Great 
place to live — hiking, fishing, hunting, etc. Will split 
practice with right applicant. Spouse must be willing 
to live in small town rural area. Mail CV or call: Ben 
Crue, Jr, MD, FACS, 1130 Main Avenue, Durango, 
CO 81301. (303) 259-0779. 





second neurologist for community hospital prac- 
tice. Excellent location with abundant outdoor 
recreation, good schools, major scientific institu- 
tions nearby. First year salary with early partnership 
option. Please contact: Michael Leahy, MD, 12 
Bramblebush Park, Falmouth, MA 02540. 





SOUTHERN CALIFORNIA — BC/BE clinician to 
join busy solo neurologist covering 320-bed hospi- 
tal, complete neurodiagnostic laboratory and sur- 
rounding community. Contact: Thomas Di Julio, 
MD, 1703 Termino Avenue, Suite 208, Long Beach, 
CA 90274. 





EMG and evoked potentials. To be associated with 
two neurologists in private practice, in a medical 
center location, with a expanding modern 181-bed 
hospital with complete modern equipment, and ail 
specialties are represented. Situated in an attractive 
high desert area of the northwest with abundant 
recreational activities including the finest skiing, hik- 
ing, hunting, and fishing. Excellent schools avail- 
able, both public and private. This is a very active 
practice in a drawing area of 175,000 and an excel- 


# Pent Opportunity. Reply with curriculum vitae to: Box 


#823, c/o AON. 





|. PLEASE NOTE— Address replies to box number 
ads as follows: Box number _._.. c/o AON, 


P.O. Box 1510, Clearwater, FL 34617. 





| NEUROLOGIST WITH INTEREST in stroke, 





PEDIATRIC MOVEMENT Disorder Fellowships: 
Fellowship available in basic or clinical aspect of 
pediatric movement disorder for one or two years. 
Starting date is July 1, 1991. Candidates should 
have completed a neurology residency. This pro- 
gram stresses the neuropharmacology of move- 
ment disorders. Fellow will participate in federally 
sponsored Clinical drug trials with a Research Nurse 
Practitioner in active outpatient and inpatient set- 
ting. For information contact: Dr. Michael R. Pranza- 
telli, Director, The National Pediatric Myocionus 
Center, Neurology Department, Children's National 
Medical Center, 111 Michigan Avenue. NW, 
Washington, DC 20010. (202) 745-2120. 





FELLOWSHIP IN CEREBROVASCULAR disease: 
Fellowships in cerebrovascular disease are avail- 
able in the Department of Neurology at the Univer- 
sity of lowa. Comprehensive clinical training in 
diagnosis and management of patients with stroke 
is complemented by opportunities for clinical or 
basic research. Fellows are active participants in 
patient care and collaborate in several on-going 
local and multi-center clinical research studies. 
Candidates should be board-eligible or -certified in 
neurology and licensed to practice medicine in the 
United States. Please send inquiries to: Harold P. 
Adams, Jr, MD, Division of Cerebrovascular Dis- 
eases, Department of Neurology, University of lowa, 
lowa City, IA 52242: or call: (319) 356-4110. The 
University of lowa is an affirmative action, equal 
opportunity employer. Women, minorities, and 
handicapped are encouraged to apply. 





NATIONAL STROKE ASSOCIATION announces 
Career-development fellowship awards ($30,000/ 
year) for stroke research. Application due January 
15, 1992 for July 1992 commencement. Contact: 
National Stroke Association, 300 East Hampden 
Avenue, #240, Englewood, CO 80110. (303) 
762-9922. 





PAIN FELLOWSHIP — The Pain Service in the 
Department of Neurology at Memorial Sloan- 
Kettering Cancer Center is seeking a board- 
eligible/board-certified neurologist for a pain fel- 
lowship. This is a one or two year position which 
offers comprehensive training in pain evaluation 
and treatment with a strong emphasis on cancer 
pain. Fellows will participate in clinical investiga- 
tions of neuro-oncologic pain syndromes and the 
pharmacology of opioid analgesics. Laboratory 
research opportunities directed at the mechanisms 
of opiate action and the molecular pharmacology of 
Opiate receptors are also available. Please contact: 
Kathleen M. Foley, MD, Department of Neurology, 
Memorial Sloan-Kettering Cancer Center, 1275 





combined VA hospital, Delaware/Thomas Jefferson 
University Program. Candidates with completed 
neurology residency. Contact: Leonard Katz, MD, 
VA Medical Center, Wilmington, DE 19805. (302) 
994-2511. 





icine is being offered for July 1, 1992. Two-to-three 
year position is available with rotations in neuro- 
surgery, neurology, oncology, anesthesia, and psy- 
chiatry. Clinical and basic science research projects 
will also be offered. Interested persons should sub- 
mit inquiries and CV to: James Campbell, MD, Pro- 
fessor of Neurosurgery, c/o Kathleen Wiley, Pain 
Treatment Center, Johns Hopkins Hospital, Meyer 
1-130, 600 North Wolfe Street, Baltimore, MD 21205. 





Faculty Positions 
ACADEMIC NEUROLOGIST sought with fellow- 
ship training in neuromuscular diseases and EMG. 
Opportunity to develop research program, teach 
neurology residents, and start a fellowship. State- 
of-the-art equipment and technician furnished. 
Nerve and muscle biopsy laboratory available in the 
department. Reply with CV to: Joseph B. Green, 
MD, Chairman, Department of Medical and Surgical 
Neurology, Texas Tech University Health Sciences 
Center, Lubbock, TX 79430. Texas Tech University 
is an equal opportunity employer. 








ACADEMIC NEUROLOGIST sought with compe- 
tence in sleep disorders to direct sleep center. Op- 
portunity also in epilepsy, EEG, and evoked poten- 
tials, teach neurology residents and students. Reply 
with CV to: Joseph B. Green, MD, Chairman, 
Department of Medical and Surgical Neurology, 
Texas Tech University Health Sciences Center, 
Lubbock, TX 79430. Texas Tech University is an 
equal opportunity employer. 





in cerebrovascular disease to develop program. Col- 
laborate with neuropathology and radiology to 
develop research. Teach neurology residents. Reply 
with CV to: Joseph B. Green, MD, Chairman, 
Department of Medical and Surgical Neurology, 
Texas Tech University Health Sciences Center. 
Lubbock, TX 79430. Texas Tech University is an 





The Sanders-Brown Center on Aging at the Univer- 
sity of Kentucky invites applications for two tenure- 
track faculty appointments at the Assistant Professor 
level from board-eligible/-certified neurologists or 
psychiatrists with basic neuroscience or clinical 
research interests in Alzheimer's disease. The suc- 
cessful candidates will have faculty appointments in 
the appropriate academic departments of the Col- 
lege of Medicine. The appointees will be expected to 
develop their own research programs, be willing to 
participate in multi-disciplinary Alzheimer’s disease 
research and have some clinical responsibilities 
primarily related to dementing illnesses. Excellent 
start-up packages are available. The Sanders-Brown 
Center is one of the NIA-funded Alzheimer Disease 
Research Centers and has a separate 40,000 square 
foot building with excellent laboratory facilities. A 
letter of interest, a recent curriculum vitae and 
names of three references should be submitted to: 
William R. Markesbery, MD, Sanders-Brown Center 
on Aging, University of Kentucky, Lexington, KY 
40536. (606) 233-6040. The University of Kentucky is 
an equal opportunity employer. 


Associate Professor 
of Neurology/ 
Neuro-Oncology 


The Department of Neurology at Temple 
University School of medicine seeks 

a Neuro-oncologist at the Associate 
Professor level to direct the clinical 
Neuro-oncology program at the Temple 
University Comprehensive Cancer Center. 
The program will provide comprehensive 
care for patients with primary and 
secondary CNS malignancy, indirect 
effects of systemic cancer and can- 
cer pain. Facilities and support are 
available for the development of a 
clinical research program and col- 
laborative opportunities are avail- 
able in the area of molecular biology 
of brain tumors. Candidates should 
be board certified/board eligible in 
Neurology with additional fellow- 
ship training in Neuro-oncology. 
Applications should be forwarded to 
Jeffrey I. Greenstein, M.D., 
Chair, Department of Neurology, 
Temple University School of 
Medicine, 3401 N. Broad 
Street, Philadelphia, PA 19140. 
Temple University is an Equal 
Opportunity /Affirmative Action 
Employer. 


Choose 
TEMPLE 


UNIVERSITY 


i=] 





















ACADEMIC NEUROLOGIST — The Department of 
Neurology at Francis Scott Key Medical Center, a 
Johns Hopkins Medical Institution, seeks an 
academically-oriented adult BC/BE neurologist 
with expertise in EMG and NCV to run EMG Lab. 
interest in neuromuscular assessment and research 
needed. Fellowship in EMG/NCV required with 
BC/BE in EMG (AAEM). The appointment will be 
full-time, at the Assistant Professor level, and will 
include responsibilities in research, clinical teach- 
ing, and patient care. Interested candidates should 
send a CV and three letters of reference to: Peter W. 
Kaplan, MD, Johns Hopkins School of Medicine, 
Francis Scott Key Medical Center, 4940 Eastern 
Avenue, Baltimore, MD 21224, 

ACADEMIC NEUROLOGIST: A full-time academic 
position is available at the Assistant Professor level 
at Vanderbilt University Medical Center. Candidates 
should be board-certified/board-eligible in neurol- 
ogy and should have completed two years of full- 
time fellowship in epilepsy and clinical neurophysi- 
ology. The position includes teaching responsi- 
bilities and research. The preferred candidate will 
have experience in clinical epilepsy, long-term mon- 
itoring, electrocorticography, and experimental 
drug studies. Interested individuals should send CV 
to: Bassel Abou-Khalil, MO, Department of Neurol- 
ogy, Vanderbilt University Medical Center, 2100 
Pierce Avenue, Room 336, Nashville, TN 37212. 





ADULT NEUROLOGY RESIDENCY PGY-IV posi- 
tion available at the University of Colorado School 
of Medicine for July, 1991. Contact: James P. Kelly, 
MA, MD, Director of Resident Selection, Depart- 
ment of Neurology, UCHSC B-183, 4200 East Ninth 
Avenue, Denver, CO 80262. (303) 270-8760. 





NEUROLOGY RESIDENCY PROGRAM at the Uni 
versity of North Carolina. PGYI position available 
for entrance into Neurology Residency Program for 
1992. Appointment will be made through the Neu- 
rology Residency Matching Program in 1992. Our 
program offers strong clinical training in general 
adult and child neurology as well as subspeciality 
exposure to epilepsy, sleep disorders, neuromuscu- 
lar diseases and pain. For information contact: John 
A. Messenheimer, MD, Schoo! of Medicine, Depart- 
ment of Neurology, University of North Carolina, CB 
#7025, 751 Clinical Sciences Building, Chapel Hill, 
NC 27599-7025. (919) 966-3707. 


THE UNIVERSITY OF Cincinnati Neurology Depart- 

ment is offering a second year neurology residency 

position (PGY II!) beginning as soon as possible. 

For information contact: Joseph P. Broderick, MD, 

Residency Director, Department of Neurology, Uni- 

versity of Cincinnati Medical Center, Cincinnati. OH 
4 45267-0525. (513) 558-5431. 









FOR SALE — Model 89 A Gr: 
with two electrode boards and photic stimulator. 
$2,500 or best offer. Reno, Nevada. (702) 322-4097. 





AMBULATORY 
EEG SCANNING SERVICE 


For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report upon receipt of tape. 


Call: EEG Department 
DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad inan AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: (800) 237-9851. 





WRITE BRIEF REVIEWS on topics in neurology for 
$500-$1,000. Respond with CV to: Dr. S. Demeter, 
Arbor Publishing Corp.; 333. Metro Park, Suite N- 
208, Rochester, NY 14623. 








We Target | 
The Physician You Want! 


The Archives of Neurology's classified recruitment advertising section is 
seen by precisely the physician you need — neurologists, child 
neurologists and neurological surgeons. A specialized physician 
audience of over 16,000. 


Send your advertising order today. Just complete the coupon below and 
attach your typewritten copy. The next available issue is November which 
closes Wednesday, September 25th. 


The classified rate is $1.00 per word for one issue. For three issues or 
more, the rate is $.90 per word per issue. Minimum classified ad is 20 
words. 


~ ORDER FORM 








Please insert my ad times, beginning with the 








Place my ad under the heading 






Enclosed is my check for $ . All advertising 













must be prepaid with order. 





Institution 
Contact Person. 
Address _...._——S in 
State 


Zip ——_____ 


City 















Area Code & Telephone Number nm 


Authorized Signature ——___———— 


COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 



































Send all copy and payments to: 
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Classified Department, P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 è Local (813) 443-7666 
















cribing, please see full prescribing information. A Brief Summary follows. 


| ONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
fal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology in the full prescribing information). 
.. - CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 

to phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In ali cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

- Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
cio decrease serum levels. 
=... Inview ofisolated reports associating phenytoin with exacerbation of porphyria, caution shouid 
< be exercised in using this medication in patients suffering from this disease. 

: =: Usage in Pregnancy: A number of reports suggests an association between the use of 
> antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
~. te these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 

drugs; less systematic or anecdotal reports suggest a 

possible similar association with the use of all known 

antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 

i than drug therapy in leading to birth defects. The great 
“majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
_\ patients in whom the drug is administered to prevent major seizures, because of the strong 
~~ possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
= cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
‘ Considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

in addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 

“> drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 

< guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 

i dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 

“2, epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 

"or correct this defect and has been recommended to be given to the mother before delivery and 

i: to the neonate after birth. 
PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin: patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rashis 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

: i ‘i Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 

Y reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

-< c Osteomalacia has been associated with phenytoin therapy and is considered to be due to 

> phenytoin’s interference with Vitamin D metabolism. 

. = Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 

~ Appropriate diagnostic procedures should be performed as indicated. 

nenytoin is not effective for absence (petit mai} seizures. If tonic-clonic (grand mal) and 

ence (petit mal) seizures are present, combined drug therapy is needed. 

‘um levels of phenytoin sustained above the optimal range may produce confusional states 



























Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 






termination is recommended. (See Warnings.) : 
Information for Patients: Patients taking phenytoin should be advised of the importance 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinic 
condition in which itis not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without fi 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize tl 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optim 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpi 
when possible drug interactions are suspected. The most commonly occurring drug interactio: 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcoh 
intake, amiodarone, chloramphenicol, chiordiazepoxide, diazepam, dicumarol, disulfirar 
estrogens, H-antagonists, halothane, isoniazid, methylphenidate, phenothiazine 
phenylbutazone, salicylates, succinimides, sulfonamides, toloutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abus 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium iot 
which interfere with the absorption of phenytoin. ingestion times of phenytoin and antac 
preparations containing calcium should be staggered in patients with low serum phenytoin leve 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbit< 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valpro 
acid and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenyto 
include: corticosteroids, coumarin anticoagulant 
digitoxin, doxycycline, estrogens, furosemide, or 
contraceptives, quinidine, rifampin, theophyllin 
vitamin D. 

Drug/Laboratory Test interactions: Phenytoin mi 
cause decreased serum levels of protein-bound iodir 
(PBI). It may also produce lower than normal values fi 
dexamethasone or metyrapone tests. Phenytoin mé 
Cause increased serum levels of glucose, alkaline pho: 
phatase, and gamma glutamyl transpeptidase (GGT 
Carcinogenesis: See “Warnings” section for inform: 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug becaus 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountere 
with phenytoin therapy are referable to this system and are usually dose-related. These includ 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizzines: 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. Thei 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremc 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receivin 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever hav 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the mo! 
common, other types of dermatitis are seen more rarely. Other more serious forms which ma 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reporte 
in association with administration of phenytoin. These have included thrombocytopenia, leukt 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sug 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usuali 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pset 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingivi 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptom 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemi 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimate: 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs ar 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may becom 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels wher. 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 meg/mL, ataxia at 3i 
meg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 meg/mL, bu 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As muc! 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 101 
meg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed an: 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoi 
is not completely bound to plasma proteins. Total exchange transfusion has been used in thi 
treatment of severe intoxication in children. 

in acute overdosage the possibility of other CNS depressants, including alcohol, should bi 
borne in mind. 


Caution — Federal law prohibits dispensing without prescription. 03626281 
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As rare as a seizure on 
Dilantin eene phenytoin sodium capsules, USP) 100 mg 


“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 wm in 
diameter, form in abundance—an exceedingly rare event? 


© 1990 Warner Lambert Company 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way: 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 ug/mL),? often with 
once-daily therapy (Dilantin® Kapseals”), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
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Reduced dosing frequency? 


in a separate multicenter, double-blind trial of 
202 patients with advanced Parkinson's disease, 
patients recorded a mean reduction of 33% in 
daily dosing frequency with SINEMET CR? 





SINEMET GR is indicated in the treatment of the symptoms of idiopath 

Parkinson's disease (paralysis agitans}, postencephalitic parkinsonism 

and symptomatic parkinsonism which may follow injury to the nervous 

system by carbon monoxide intoxication and manganese intoxication. 
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a Significantly greater benefits as rated by patients 
previously treated with SINEMET® (Carbidopa-Levodopa)** 


s Although in clinical trials, patients with moderate 
to severe motor fluctuations who received 
SINEMET” CR (Carbidopa-Levodopa) Sustained-Release 
did not experience quantitatively significant 
reductions in “off” time when compared to SINEMET, 
global ratings of improvement as assessed by both 
patient and physician were better during therapy 
with SINEMET CR than with SINEMET. 


+in clinical trials of patients with moderate to severe motor fluctuations, global 
ratings of improvement as assessed by both patient pad physician were better 
during therapy with SINEMET CR than with SINEMET. 

+Ratings based on patients’ subjective assessment of global improvement 
inclinical fluctuations. 

"Physician ratings based.on significantly greater overall improvement in 

patients clinical condition after eight weeks on SINEMET CR (compared to 
status at beginning of double-blind phase of same trials).* 


When patients are receiving levodopa without a decarboxylase inhibitor, 


levodopa must be discontinued at least eight hours before SINEMET CR | 


is started, It is necessary to individualize therapy. SINEMET CR should 


= Significantly greater clinical improvement in 
patients with moderate to severe motor fluctuatior 
as rated by physicians **2 


æ In controlled clinical trials, patients predominantly 
with moderate to severe motor fluctuations while | 
SINEMET were randomized to therapy with eithe 
SINEMET or SINEMET CR: Adverse experience 
profile of SINEMET CR did not differ Sly 
from that of SINEMET. 


be substituted. at a dosage that wili provide approximately 25% of the 
previous levodopa dosage. Nonselective: MAO inhibitors are contrair 
cated for use. with SINEMET CR. These inhibitors must be discontinu 
at least two weeks prior to initiating therapy with SINEMET CR. 
SINEMET CR may be administered concomitantly with the manu- 
facturer’s recommended dose of an MAO inhibitor with selectivity for 
MAO type B. (e.g., selegiline HCI). SINEMET CR is contraindicated i 
patients Paith known ype ey to any component of this drug a 
in patients with narrow-angle glaucoma. Because levodopa may activi 
a malignant melanoma, SINEMET CR should not be used in patents 
with suspicious, undiagnosed skin lesions or a history of melanoma. 








Guidelines for Initial Conversion from 
- SINEMET*to SINEMET CR 


(Carbidopa-Levodopa) 


Dosage with SINEMET CR should be substituted 
at an amount that provides approximately 10% 
more levodopa per day. This may be increased to 


a dosage that provides up to 30% more levodopa 
per day depending on clinical response. 
See DOSAGE AND ADMINISTRATION, Titration.)* 


nterval between doses of SINEMET CR should 

be 4-8 hours during the waking day. 

Doses and dosing intervals may be increased 

or decreased depending upon therapeutic 
-fesponse. 





SINEMET" CR cenone 


SUSTAINED-RELEASE TABLETS 


DESCRIPTION 
SINEMET” CR (Carbidopa-Levodopa) isa sustained-release combination ofcarbidopa and levodopa for! 
treatment of Parkinson's disease and syndrome. 

Carbidopa, an inhibitor of aromatic amino acid decarboxylation, is a white, crystalline compound, slightly soluble in we 
witha molecular weight of 244.3 itis designated chemically as (~}L-e-hydrazino-a-methy!-2-G.4-ditydraxyoenzene) propar 
acid monohydrate. Its empirical formula is CsoHiaNz04 © H20 and its structural formula is: 


Rh CH, 


i 
HO (y cipean - H,0 


NHNH: 


Tablet content is expressed in terms of anhydrous carbidopa which has a molecular weight of 226.3. 

Levodopa, an aromatic amino acid, is a white, crystalline compound slightly soluble in water, with e molecular wel 
of 1972. ftis designated chemically as (-}L-o-amino-8-(34-dihydroxybenzene) propanoic acid. its empirical formul 
CoH NOs and its structural formula is 


QH 


wo ongoa 


NH, 


SINEMET CR is supplied as sustained-release tablets containing 50 mg of carbidopa and 200 mg of levodopa. Inar 
ingredients in SINEMET CR are: D & C Yellow 10, magnesium stearate, iron oxide, and other ingredients. 
INEMET CRis supplied as an oval, scored, bicorvex, compressed tablet that is peach colored. The tabletis a polymi 
based drug delivery system which controls the release of carbidopa and levodopa as it slowly erodes. 


CLINICAL PHARMACOLOGY 

Pharmacodynamics Current evidence indicates that symptoms of Parkinson's disease are related to depletion of di 
ming in the corpus striatum, Administration of dopamine is ineffective in the treatment of Parkinson's disease appare 
because i doesnot cross the blood-brain barrier. However, levodopa, the metabolic precursor of dopamine, does cross 
blood-brain barrier, and presumably is converted to dopamine in the brain. This is thought to be the mechanism whei 
levodopa relieves symptoms of Parkinson's disease. 

When levodopa is administered orally itis rapidly decarboxylated to dopamine in extracerebral tissues so that only a SI 
portion of a gen dose is transported unchanged to the centrai nervous system. For this reason, large doses of levod 
are required for adequate therapeutic effect and these may often be attended by nausea and other adverse reactions, s 
of which are attributable to dopamine formed in extracerebral tissues. 

Since tevodopa competes with certain amino acids tor transport across the gut wall, the absorption of levodopa ma 
impaired in some patients on a high protein diet. 

Carbidopa inhibits decarboxylation af peripheral levodopa. It does not cross the blood-brain barrier and does nota 
the metabolism of levodopa within the central nervous system: 

Since its decarboxylase inhibiting activity is limited to extracerebral tissues, administration of carbidepa with ievot 
makes more levodopa available for transport to the brain. 

Patients treated with levodopa therapy for Parkinson's disease may develop motor fluctuations characterized by en: 

dose failure, peak dose dyskinesia, and akinesia. The advanced form of motor fluctuations (‘on-off' phenomenon} is cii 
terized by unpredictable swings from mobility to immobility, Although the causes of the motor fluctuations are not c 
pey understood, in some patients they may be attenuated by treatment regimens that produce steady plasma leve 
levodopa, 
SINEMET CR contains 50 mg of carbidopa and 200 mg of levodopa in a sustained- release dosage form designed to rel 
these ingredients over a 4 to 6 hour period. With SINEMET CR there is less variation in plasma levodopa levels than 
SINEMET” (Carbidopa-Levodopa), the conventional formutation, However SINEMET CR (Carbidopa-Levodopa, Sustai 
Reiease) is less systemically bioavailable than SINEMET (Carbidopa- and may require increased daily doses {0 ac) 
the same level of symptomatic relief as provided by SINEME fcarhidopa-Lavodopa] 

inclinicaltrials, patients with moderate to severe motor fluctuations who received SINEMET CR did not experience q 
titatively significant reductions in ‘off’ tims when compared to SINEMET (Carbidopa-Levodapa). However, global ratin: 
improvement as assessed by both patiert and physician were better during therapy with SINEMET CR than with SINE! 
(Cerbidopa-Levodopa). In patients without motor fluctuations, SINEMET CR, under controlled conditions, provided thes 
therapeutic benefit with less frequent desing when compared to SINEMET (Carbidopa-Levodopa), 

Pyridoxine hydrochloride {vitamin B), in oral doses of 10 mg to 25 mg, may reverse the effects of levodopa by increa 
the rate of aromatic amino acid decarboxylation. Carbidapa inhibits this action of pyridoxine. 

Pharmacokinetics Carbidopa reduces the amount of levodopa required to produce a given response by about 75 
centand, when administered with levodopa, increases both plasma levels and the plasma half-life of levodopa, and decre 
plasma arid urinary dopamine and homovanillic acid. 

Elimination half-life of levodopa in the oresence of carbidopa is about 1.5 hours. Following SINEMET CR, the app: 
hal'-tife of levodopa may be prolonged because of continuous absorption. 

in healthy elderly subjects (56-67 years old) the mean time to peak concentration of levodopa atter a single do: 
SINEMET CR 50-200 was about 2 hours as compared to 0.5 hours after standard SINEMET (Carbidopa-Levodopa). 
maximum concentration of levodopa after a single dose of SINEMET CR was about 35% of the standard SINEMET (Carbic 
Levodopa)(t15t vs 3256 ngimL). The extentof availability of levodopa from SINEMET CRwas about 7075% relative to intrave 
levodopa or standard SINEMET (Carbidopa-Levodopa) in the elderly. The absolute bioavailability of levodopa 
SINEMET CR (relative to |'V.}in young subjects was shown to be only about 44%, The extent of availability and the peak 
certrations of levodopa were comparable in the elderly after a single dose and at steady state after t.i.d. administrati 
SINEMET CR 50-200. in elderly subjects, the average trough levels of levodopa at steady state after the CR tablet were ¿ 
2 fold higher than after the standard SINEMET (Carbidopa-Levodopa) (163 vs 74 ng/ml). 

in these studies, using similar tota! daily doses of levodopa, plasma levodopa concentrations with SINEMET CRil 
ated in a narrower range than with SINEMET (Carbidopa-Levodopa). Because the bioavailability of levodopa 
SINEMET CR relative to SINEMET (Carbicopa-Levodopa)is approximately 70.75% the daily dosage of levodopa nece: 
to produce a given clinical response with the sustained-release formuiation will usually be higher. 

Tne extent of availability and peak concentrations of levodopa after a single dose of SINEMET CR 50-200, increas 
about 50% and 25%, respectively, when administered with food. 


INDICATIONS AND USAGE 

SINEMET CR is indicated in the treatment of the symptoms of idiopathic Parkinson's disease (paralysis agitans), pc 
cepnalitic parkinsonism, and symptomatic parkinsonism which may follow injury to the nervous system by carbon m 
ide intoxication and manganese intoxication. 


CONTRAINDICATIONS 
Nonselective MAO inhibitors are contraindicated for use with SINEMET CR. These inhibitors must be discontinued at 
two weeks prior to initiating therapy with SINEMET CR. SINEMET CR may be administered concomitantly with the mar 
turer's recommended dose of an MAO inhibitor with selectivity for MAO type B (eg. selegiline HCI). 

SINEMET CR is contraindicated in patients with known hypersensitivity to any component of this drug and in pa 
with narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, SINEMET CR should not be used in patients with suspic 
undiagnosed skin lesions or a history of melanoma. 


WARNINGS 

When patients are receiving levodopa without a decarboxylase inhibitor, levodopa must be discontinued at least eight 
betore SINEMET CR is started. In order to seduce adverse reactions, it is necessary to individualize therapy. SINEMI 
should be substituted ata dosage that will provide approximately 25 percento! the previous levodopa dosage (see DO 
ANC ADMINISTRATION). 

Carbidopa does nol decrease adverse reactions due fo central effects of levodopa, By permitting more levodopa to 
the brain, particularly when nausea and vomiting is nota ose miting oor certain adverse CNS effects, e.g., dyskifi 
will cccur al lower dosages and sooner during therapy with SINEMET CR (Carbidopa-Levodopa, Sustained-Release 
with levodopa alone. 

As with levodopa, SINEMET CR may cause involuntary movements and mental disturbances. These reactions are tr 
to be due to increased brain dopamine following administration of levodopa. All patients should be observed carek 
the development of depression with concomitant suicidal tendencies. Patients with past or current psychoses sho 
treated with caution. The occurrence of dyskinesias may require dosage reduction. 

Patients receiving SINEMET CR may develop increased dyskinesia compared to SINEMET (Carbidopa-Levodo; 

SINEMET CR shouid be administered cautiously to patients with severe cardiovascular or pulmonary disease, bro 
asthma, renal, hepatic or endocrine disease. 


As with levodopa, care should be exercised in administering SINEMET CR to patients with a history of myocardial infarc- 
tion who have residual atrial, nodal, or ventricular arrhythmias. in such patients, cardiac function should be monitored with 
particular care during the period of initia dosage adjustment, in a facility with provisions for intensive cardiac care. 

As with levodopa, treatment with SINEMET CR onay increase the possibli of upper gastrointestinal hemorrhage in patients 
with a history of peptic ulcer. 

Asymptom complex resembling the neuroleptic malignant syndrome including muscular tigi ernek 
ature, mental changes, and increased serum creatine phosphokinase has been reported when anti 
were withdrawn abruptly Therefore, patients should be observed carefully when the dosage of SINEMET CRis reduced ety 
of discontinued, especially if the patient is receiving neuroleptics. 


PRECAUTIONS 
General As with levodopa, periodic evaluations of hepatic, hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide angle glaucoma may be treated cautiously with SINEMET CR provided the intraocular, pres- 

sure is well controlled and the patient is monitored carefully for changes in intraocular ~~ a“ nea 
Information for Patients The patient shouid be informed that SINEMET CRisa sustained 
levodopa which releases these ingredients over a 4 to 6 hour period. ft is important that SNEMET Ghee be a at ried 
intervals according to the schedule outlined by the physician. The patient should be cautioned not to change the prescribed 
dosage regimen and not to add any additional antiparkinson medications, including other carbidopa-levodopa prepara- 
tions, without first consulting the physician. 

if abnormal involuntary movements appear or get worse during treatment with SINEMET CR, the physician should be 
notified, as dosage adjustment may be necessary. 

Patients should be advised that sometimes the onset of effect of the first morning dose of SINEMET CR may be delayed 
for upto 1 hour compared with the response usually obtained from the first morning dose of SINEMET (Carbidopa-Levedopa). 
The physician should be notified if such delayed responses pose a problem in treatment. _ 

Patients must be advised that the whole or half tablet should be swallowed without chewing or crushing. 

NOTE: The suggested advice to patients being treated with SINEMET CR is intended to aid in the safe and effective use of 
this medication, Itis not a disclosure of all possible adverse or intended effects. 
ase SO ASTI SGPT A ete inlaboratory tests may include elevations of liver function tests such as alkaline phospha- 
and bilirubin. Abnormalities in blood urea nitrogen and positive Coombs 
testhave also ASST) Commonly levels ofbloodurea nitrogen, creatinine, and uric acid are tower during administra- 
ton of carbidopa-tevodopa preparations than with levodopa. 

Carbidopa-levodopa preparations may cause a false-positive reaction for urinary ketone bodies when a test tape is used 
for determination of ketonuria. This reaction will not be altered by boiling the urine specimen. False-negative tests may result 
with the use of glucose-oxidase methods of testing for glucosuria. 

Drug interactions interactions Caution should be exercised when the following drugs are administered concomitantly with 
SINEMET CR (Carbidopa-Levodopa, Sustained-Release). 

Symptomatic postura! hypotension has occurred when carbidopa-levodopa preparations were added to the aes 
of patients receiving some antihypertensive drugs. Therefore, when therapy with SINEMET CR is started, dosa 
panto othe enn drug may be required. For patients receiving monoamine oxidase inhibitors, see ONIRA 

There have been rare reports of adverse reactions, including hypertension and dyskinesia, resulting from the concomi- 
tant use of tricyclic antidepressants and carbidopa-levodopa preparations. 

Phenothiazines and butyrophenones may reduce the therapeutic effects of levodopa, In addition, the beneficial effects 
of levodopa in Parkinson's disease have been reported to be reversed by phenytoin and papaverine. Patients taking these 
drugs with SINEMET CR should be carefully observed for toss of therapeutic response. 

Carcinogenesis, Mutagenesis, impairment of Fertility in a two-year bioassay of SINEMET (Carbidopa- ). 
no evidence of carcinogenicity was found in rats receiving doses of oppromast two times the maximum daily human 
dose of carbidopa and four times the maximum daily human dose of levodopa (equivalent to 8 SINEMET CR tablets). 

In reproduction studies with SINEMET (Carbidopa-Levodopa), no effects on fertility were found in rats receiving doses 
of approximately two times the maximum daily human dose of carbidopa and four times the maximum daily human dose 
of levodopa (equivalent to 8 SINEMET CR tablets), 

Pregnancy Pregnancy Category C. No teratogenic effects were observed in a study in mice receiving up to 20 times the 
maximum recommended human dose of SINEMET (Carbidopa-Levodopa). There was a decrease in the number of live pups 
deire] by rats receiving approximately two times the maximum recommended human dose of carbidopa and approxi- 
five times the maximum recommended human dose of levodopa during organogenesis. SINEMET (Carbidopa- 
opa) caused both visceral and skeletal malformations in rabbits at all doses and ratios of carbidopa/tevodopa tested, 
pres rangedtom ‘1Otimesi5 times the maximum recommended human dose of carbidopallevodopa to 20timesi0 times 
the emut recommended human dose of carbidopa/tevodopa. 
‘no adequate or well-controlled studies in pregnant women. Use of SINEMET CR in women of potential 
requires hat the anticipated benefits of the drug be weighed against possible hazards to mother and child. 
Nursing Mothers tis not known whether this: dyi is excreted in human milk. Because many drugs are excreted in human 
milk, caution should be exercised when SINEMET CR is administered to a nursing mother. 
Pediatric Use Safety and effectiveness in infants and children have not been established, and use of the drug in patients 
below the age of 18 is not recommended. 


ADVERSE REACTIONS 
In controled clinica} trials, patients predominantly with moderate to severe motor fluctuations, while on SINEMET (Carbidapa- 
were andomizedto therapy whether SINEMET Cai -Levodopa)or SINEMET CR. The adverse experience 


uy profile of SINEMET CR did nat differ substantially from that of SINEMET (Carbidopa-Levodopa), as shown in 


Table 1 Ciinical Adverse Experiences Occurring in 1% or Greater of Patients 


SINEMETCR SINEMET SINEMETCR SINEMET 
(Carbidopa- 


{Carbidopa- 
Levodopa} pa 
n=491 n=524 n=491 n=524 
Adverse Experience % % Adverse Experience % % 
Dyskinesia 165 12.2 Back Pain 16 0.6 
Nausea 55 5.7 Dry Mouth 14 11 
Hallucinations 49 32 Anorexia 1.2 14 
‘onfusion 37 23 Diarrhea 12 06 
Dizziness 29 2.3 insomnia 12 1.0 
Depression 22 13 Orthostatic Hypotension 1.0 14 
Urinary Tract infection 22 23 Shoulder Pain 10 06 
Headache 20 19 Chest Pain 1.0 08 
Dream Abnormalities 18 0.8 Muscle Cramps 08 10 
aie 18 08 Paresthesia 08 411 
18 19 Urinary Frequency 08 41 
pper Ue esr infection 18 1.0 psia 0.6 41 
Dyspnea 16 04 Constipation 0.2 15 
“On-Off Phenomena 16 11 
Abnormal laboratory findings occurring at a frequency of 1% or greater in approximately 443 ts who received 
SINEMET CR and 475 who received SINEMET (Carbidopa-Levodopa) during controlled clinical trials included: decreased 


oe and hematocrit; elevated serum glucose; white blood celts, bacteria and blood in the urine. 
verse experiences observed in patients in uncontrolled studies were similar to those seen in controlled clinical studies. 


Other adverse experiences reported overall in clinical trials in 748 patients treated with SINEMET CR, listed by body system 
in order of decreasing frequency, include: 

Nervous System/Psychiatne: Chorea, somnolence, falling, anxiety disorder, disorientation, decreased mental acuity, gait 
abnormalities, rage ei disorder, agitation, nervousness, sleep disorders, memory impairment. 

Body as a Whole: Asthenia, fatigue, abdominal pain, orthostatic effects. 

Digestive: Gastrointestinal pain, dysphagia, heartburn. 

Cardiovascular: Palpitation, essential hypertension, hypotension, myocardial infarction. 

Special Senses: Blurred vision. 

Metabolic: Weight loss. 

‘Skin; Rash, ough paige R 

Respiratory: ryngeal pain, common co! 

Urogenital: Urinary incontinence. 

Musculoskeletal: Leg pain. 

Laboratory Tests: Devteased white blood cell count and serum potassium: increased BUN, serum creatinine and serum 
LDH; protein and glucose in the urine. 

Othe a as experiences have been reported with various cabidopa-levodopa formulations and may occur with 
Nervous System/Psychiatric: Mental changes including paranoid ideation, psychotic episodes, depression with suicidat 
tendencies and dementia: convulsions (however, a causal relationship has not been established), bradykinetic episodes. 





Gastrointestinal: Gastrointestinal bleeding, development of duodenal ulcer, 76194 
Cardiovascular: Cardiac irregularities, phlebitis. 625: 
Hematologic: Hemolytic and nonhemolytic anemia, thrombocytopenia, leukopenia, agranulocytosis. 

Laboratory Tests; Abnormalities in alkaline phosphatase, SGOT (AST), SGPT (ALT), lactic dehydrogenase, bilirubin, protei 
bound iodine, Coombs test 

Other adverse reactions tat have been reported with levodopa are: 

Nervous System: Numbness, increased hand tremor, musclet twitching, blepharospasm (which may be taken as an-ear 
sin of excess dosage, consideration of dosage reduction may be made at this time), trismus, activation of latent Horner 
syndrome. 

Psychiatric: Delusions, euphoria. 

Gastrointestinal: Bitter taste, sialorrhea, bruxism, hiccups, flatulence, burning sensation of tongue. 

Metabolic: Weight gain, edema. 

integumentary: Malignant melanoma (see also CONTRAINDICATIONS), flushing, increased sweating, dark sweat, loss ofha 
Genitourinary: Urinary retention, urinary incontinence, dark urine, priapism. 

Miscellaneous: Faintness, hoarseness, malaise, hot flashes, sense of stimulation, bizarre breathing patterns, neurolept 
malignant syndrome. 


OVERDOSAGE 
Management of acute overdosage with SINEMET CR is the same as with levodopa. Pyridoxine is not effective in reversir 
the actions of SINEMET CR, 

General supportive measures should be employed, along with immediate gastric lavage. Intravenous fluids should t 
administered judiciously and an adequate airway maintained. Flecirocaidiogiapnic monitoring should be instituted ar 
the patient carefully observed for the ent of arrhythmias; if required, appropriate antiarrhythmic therapy shou 
begiven. The possibility that the patient may have taken other drugs as wellas Si Mi CRshould be taken into consider 
tion. To date, no experience has been reported with dial ptr hence, its value in overdosage is not known. 

Based on studies in which high doses of levodopa and/or carbidopa were administered. a significant proportion of ra 
and mice given single orat doses of levodopa ol apnroimately 1500-2000 mg/kg are expected to die. A significant propa 
tion of infant rats of both sexes are expected to die at a dose of 800 mg/kg. A significant proportion of rats are expected 
die after treatment with similar doses of carbidopa. The addition of carbidopa in a 1:10 ratio with levodopa increases tt 
dose at which a significant proportion of mice are expected to die to 3360 mg/kg. 


DOSAGE AND ADMINISTRATION 
SINEMET CRtablets contain carbidopa(S0 mg)and levodopa (200 mg)ina 1:4 ratio. The daily dosage of SINEMET CRmu 
be determined by careful titration. Patients ses be monitored closely during the dose adjustment period, particular 
with regard to appearance or worsening of involuntary movements, dyskinesias or nausea. SINEMET CR may beadministere 
as whole or as half-tablets which should not be chened or crushed. 

Standard oe s for Parkinson's disease, other than beat withouta Si bd lea inhibitor, may be used concor 
tantly while SINEMET CR is being administered, although their dosage may have fo be adjusted. 

Since carbidopa prevents the reversal of levodopa effects caused by pyridoxine, SINEMET CR can be given to patien 
receiving supplemental pyridoxine (vitamin Be). 
initial Dosage Patients currently treated with conventional carbidoj it Jevodopa preparations: Dosage with SINEMET C 
should be substituted at an amount that provides appaia 10% more — per day, r day aitnough this may need! 
be increased to a dosage that provides up to 30% more per day response (see DOSAG 
AND ADMINISTRATION, TITRATION) The interval between bape SINEM should be mead hours dur during the wakir 
day. (See CLINICAL PHARMACOLO! , Pharmacodynamics). 

A guideline for initiation of SINEMET CR is shown in Table Il. 

































TABLE I eae SINEMET CR 
pepper Total Daily Dose” Levodopa Ma Suggested Dosage Regimen 

tom SINEMET Tebbid 

tect Tetabbid or abtid, 

to SINEMET CR A total of 4 tabs in 3 or more divided doses 


(eg. 1% tab a.m., 1% tab early pm., and 1 tab later p.m.) 
A total of 5 tabs in 3 or more divided dose: 


eS el (eg., 2 tabs a.m., 2 tabs early p.m., and lab llr p.m.) 


“For (osing anges not shown in the table see DOSAGE AND ADMINISTRATION, Initial Dosage—Patients currently 
treated with conventional carbidopa-levodopa preparations. 


Patients currently treated with levodopa without a decarboxylase inhibitor: Levodopa must be discontinued atleast eighthou 
before therapy with SINEMET CRisstarted. SINEMET CR should be substituted at a dosage that will provide epg 
ro h ee ts levodopa dosage. in patients with mild to moderate disease, the initial dose is usually 1 tablet 
Patients not ena levodopa: in patients with mild to moderate disease, the initial recommended dose is 1 tablet 
SINEMET CR b.i.d. Initial dosage should not be given at intervals of less than 6 hours, 
Titration Following initiation mich dee and dosing intervals may be increased or decreased depending upon the 
apeutic response. Most patients have adequately treated with 2 to 8 tablets per day, administered as divided dost 
at intervals ranging from 4 to 8 hours during the waking day. a cre (12 or more tablets per day) and shorter interva 
(less than 4 hour have been used, but are not ath pecs 

When doses of SINEMET CR are given at intervals ofless than 4 ano hours, and/or ifthe divided doses are not equal, it 
recommended that the smaller doses be given at the end of the 

An interval of at least 3 days between dosage adjustments is recommended. 
Maintenance Because Parkinson's disease is progressive, periodic clinical evaluations are recommended; adjustme 
of the dosage regimen of SINEMET CR may be required. 
Addition of Other Antiparkinson Madications Anticholinergic agents, dopamine agonists, and amantadine can t 
given with SINEMET CR. Dosage adjustment of SINEMET CR may be necessary when agents are added. 

Adoseof SINEMET (Carbidopa-Levodopa) 25-100 or 10-100 {one half or a whole tablet) can be added to the dosage reg 
ire w SINEMET CR in selected patients with advanced disease who need additional levodopa for a brief time during da 

me hours. 
boob gr of Therapy Patients should be observed carefully if eer eduction or discontinuation of SINEMET CR 

gk especially if the patem ea ics. (See WARNINGS). 

if general anesthesia is required, SINEMET CR may be continued as long as the patient is permitted to take oral medic 
ton, {therapy is shes ee temporarily, the usual dosage should be administered as soon as the patient is able to tal 
ora 






HOW SUPPLIED 

SINEMET CR 50-200 (Carbidopa-Levodopa) SUSTAINED-RELEASE TABLETS Containing 50 mg of carbidopa and 200 rr 
of levodopa, are peach-colored, oval, scored, biconvex, compressed tablets, coded 521. They are supplied as follows: 
NDC 0056-0521-68 bottles of 100 

NDC 0056-0521-28 unit dose packages of 100. 


Storage Avoid temperatures above 30°C (86°F), Store in a tightly closed container. 


AHFS. 

issued June 
Printed USA. 
Manufactured by: 


MERCK SHARP & DOHME 
DIV OF MERCK & CO., INC., 
WEST POINT, PA 19486, USA 
FOR: 


DU PONT] pu Pont Pharmaceuticals 
PHARMA| Wilmington, DE 19880-0026 


ce cen of MERCK & CO., inc. 
MERCK & CO., inc, 1991 


; 92:00 


Atl rore ed CRS 





OF 


Neurology 


—  OCTOBEI 






ORIGINAL CONTRIBUTIONS 


Clinical Correlates of White-Matter Changes on Magnetic 1015 


Resonance Imaging Scans of the Brain 

Thomas R. Mirsen, MD; Donald H. Lee, DM; Cindy J. Wong, MSc; 
J. Fernando Diaz, MD; Allan J. Fox, MD; 

Vladimir C. Hachinski, MD, DSc(Med); 

Harold Merskey, DM, London, Ontario 











Improved Recognition of Leukoaraiosis and Cognitive 1022 
Impairment in Alzheimer’s Disease 

J. Fernando Diaz, MD; Harold Merskey, DM; 

Vladimir C, Hachinski, MD; Donald H. Lee, MD; Mary Boniferro, MEd; 

Cindy J. Wong, MSc, London, Ontario; 

Thomas R. Mirsen, MD, Camden, NJ; 

Hannah Fox, MBBS, London, Ontario 


Cerebrovascular Instability in a Subset of Patients 1026 


With Stroke and Transient Ischemic Attack 
Lars Friberg, MD, Tom Skyhaj Olsen, MD, Copenhagen, Denmark 





Gangliosides in Cerebrospinal Fluid in 1032 


‘Probable Alzheimer’s Disease’ 

Kaj Blennow, MD, PhD; Pia Davidsson, PhD; Anders Wallin, MD, PhD; 
Pam Fredman, PhD; Carl-Gerhard Gottfries, MD, PhD; 

Ingvar Karlsson, MD, PhD; Jan-Eric Mansson, PhD; 

Lars Svennerholm, MD, PhD, Hisings Backa, Sweden 





Paired Associate Learning in Senile 1038 
Dementia of the Alzheimer Type 

Janet M. Duchek, PhD; Marshall Cheney, MA; F. Richard Ferraro, PhD; 

Martha Storandt, PhD, St Louis, Mo 








Monozygotic Twins With Seizures: Shared Characteristics 1041 
Rosalind A. Segal, MD, PhD; Catherine Chapman, MD; 
john Barlow, MD, Boston, Mass 











Tremor at Onset: Predictor of Cognitive and Motor Outcome 1049 
in Parkinson’s Disease? 

Linda A. Hershey, MD, PhD; Brian J. Feldman, MD; Kye Y. Kim, MD; 

Chris Commichau; David G. Lichter, MD, Buffalo, NY 











Continued on page 999. | 








996 Arch Neurol—Vol 48, October 1991 


hreat of 
migraine... 





“Violent Passages isa time-lapse 
portrayal by Louise Woodard depicting 
her own migraine headache sequence as 


a a 
she sees it Her work focuses on the pain 
surrounding her eye and the confusion 
she feels as a result of the migraine. 
f ti 


Migraine. It’s agonizing, debilitating, unpredictable. And abortive 
therapies often provide inadequate relief or cause troublesome 
side effects for your patients. 


Proven gd prophylaxis at recommended doses. 


Only INDERAL® LA provides once-daily preventive therapy— 

to significantly reduce both frequency and severity of common 
migraine. Start with 80 mg/day and titrate to an effective dose 
— usually 160 to 240 mg once daily. 


Well-tolerated, long-term efficacy. 


For patients whose day-to-day lives are undermined by anticipa- 
tion of migraine, INDERAL LA can offer an improved sense of 
control. Because the only thing worse than the pain of migraine 
is the threat of it. 





ONCE-DAILY 





tah ede 
6080 120, 160mg 





(PROPRANOLOL HCl) $ 
Another day without migraine. 


Please see next page for brief summary of prescribing information. 


INDERAL LA should not be used in the presence of congestive heart failure, sinus bradycardia. 
cardiogenic shock, heart block greater than first degree, and bronchial asthma. © 1991, Wyeth-Ayerst Laboratories. 





“INDERAL® LA {propranolol HCI) Long Acting Capsules 
BRIEF SUMMARY OF PRESCRIBING INFORMATION: 
CONSULT THE PACKAGE LITERATURE FOR FULL PRESCRIBING INFORMATION. 
CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock: 2) sinus bradycardia and greater than first- 
degree block; 3} bronchial asthma: 4} congestive heart failure (See WARNINGS}, unless the failure is secondary to a 
tachyarrhythmia treatable with INDERAL 
WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circulatory function in 
patients with congestive heart failure, and ifs inhibition by beta-blockade may precipitate more severe failure. Although beta 
blockers should be avoided in overt congestive heart failure, if necessary, they can be used with close fotlow-up in patients with 
a history ol failure who are well compensated and are receiving digitalis and diuretics. Bela-adrenergic blocking agents do not 
abolish the inotropic action of digitalis on heart muscle 
IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers can, in some cases, lead to cardiac 
failure. Therefore, af the first sign or symptom of heart failure, the patient should be digitalized and/or treaied with diuretics, and 
the response observed closely, or INDERAL should be discontinued (gradually, if possible} 













IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina and, in some cases, myocardial 
infarction, following abrupt discontinuance of INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the 
dosage should be gradually reduced over at least a few weeks, and the patient should be cautioned against interuption or 
cassation of therapy without the physician’s advice. #f INDERAL therapy is interrupted and exacerbation of angina occurs, if 
usually is advisable to reinstitute INDERAL therapy and take other measures appropriate for the management of unstable 
angina pectoris, Since coronary artery disease may be unrecognized, it may be prudent to follow the above advice in patients 
considered at risk of having occult atherosclerotic heart disease who are given propranolol for other indications. 





Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema) — PATIENTS WITH BRONCHOSPASTIC DISEASES 


SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. INDERAL should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of beta receptors 
MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior to major surgery is controversial. I 
should be noted thal the impaired ability of the heart to respond to reflex adrenergic stimuli may augment the risks of general 
anesthesia and surgical procedures. 
INDERAL, like other beta blockers, is a competitive inhibitor of bela-receptor agonists and its effects can be reversed by 
-administration of such agents, eg, dobutamine of isoproterenol. However, such patients may be subject to protracted severe 
hypotension, Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers 
DIABETES AND HYPOGLYCEMIA: Use beta blockers with caution in diabetic patients if a beta-blocking agent is required. Bela 
bieckers may mask tachycardia occurring with hypoglycemia; other manifestations such as dizziness and sweating may not be 
oe Following insulin-induced hypoglycemia, propranolol may cause a delay in the recovery of blood glucose 
THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism, thus abrupt withdrawal of propranolol 
may be followed by an exacerbation of symptoms of hyperthyroidism, including thyroid storm. Propranolol may change thyroid- 
function tests, increasing T4 and reverse T4, and decreasing Ta. 
IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been reported in which. after propranotal, 
tachycardia was replaced by severe bradycardia requiring a demand pacemaker. In one case this resulted after an initial dese of 
5 mg propranolol 
PRECAUTIONS. GENERAL: Use with caution in patients with impaired hepatic or renal function. INDERAL is not indicated for 
the treatment of hypertensive emergencies. 
Beta-adrenoreceptor blockade can cause reduction of intraocular pressure, Patients should be told that INDERAL may interfere 
with the glaucoma screening test. Withdrawal may lead to a return of increased intraocular pressure 
CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart disease, elevated serum transaminase, 
alkaline phosphatase, lactate dehydrogenase. 
DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reserpine should be closely observed if 
INDERAL is administered, The added catecholamine-biocking action may produce an excessive reduction of resting sympathetic 
nervous activity resulting in hypotension, marked bradycardia, vertigo, syncopal attacks, of orthostatic hypotension 
Caution should be exercised when patients receiving a beta blocker are administered a calcium-channel-blocking drug, 
especially intravenous verapamil, as both agents may depress myocardial contractility or atrioventricular conduction. On rare 
oocasions, the concomitant intravenous use of a beta biocker and verapamil has resulted in serious adverse reactions. especially 
in patients with severe cardiomyopathy, congestive heart lailure of recent myocardial infarction 
Aluminum hydroxide ge! greatly reduces intestinal absorption of propranolol 
Ethane! stows the rate of absorption of propranoiel, 
Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance, 
‘Chlorpromazine, when used concomitantly with propranolol, results in increased plasma ‘evels of bath drugs 
Arilipyring and lidocaine have reduced clearance when used concomitantly with propranolol. 
Thyroxine may result in a lower than expected Ta concentration when used concomitantly with propranolol 
Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and increasing blood levels 
Theophylline clearance is reduced when used concomitantly with propranolol 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: There was no evidence of significant drug-induced toxicity in 
tals of mice, employing doses up to 150 ma/ka/day aver an 18-month period. There were no drug-related tumorigenic effects at 
any dosage levels. No impairment of fertility attributable to the drug was seen in animal reproductive studies 
PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal studies at doses about 10 times 
‘greater than the maximum recommended human dese. There ate no adequate and well-controlled studies in pregnant women. 
Use during pregnancy only if the potential benefit justifies the potential risk to the fetus 
NURSING MOTHERS: INDERAL is excreted in human milk. Exercise caution when INDERAL is administered t0 a nursing 
woman, 
PEDIATRIC USE: Safety and effectiveness in children have nat been established 
ADVERSE REACTIONS. Most adverse effects have been mild and transient and nave rarely required the withdrawal of therapy. 
Cardiovascular: Bradycardia, congestive heart failure; intensification of AV block, hypotension; paresthesia of hands: 
thrombocytopenic purpura: afterial insufficiency, usually of the Raynaud type. 
Central Nervous System: Light-headedness: mental depression manifested by insomnia, lassitude, weakness, fatigue; reversible 
mental depression progressing to catatonia: visual disturbances: hallucinations; vivid dreams. an acute reversible syndrome 
characterized by disorientation Tor time and place, short-term memory loss, emotional lability, slightly clouded sensorium. and 
oar performance on neuropsychometrics. For immediate formulations, fatigue, lethargy, and vivid dreams appear dose 
related. 
Gastrointestinal; Nausea, vomiting, epigastric distress. abdominal cramping, diarrhea, constipation, mesenteric arena 
thrombosis. ischemic colitis. 
Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and sore throat, laryngospasm. and 
tespiratory distress, 
Respiratory: Bronchospasm. 
Hernalologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 
, Aulo-Immune: in extremely rare instances, systemic lupus erythematosus has been reported 
Miscellaneous. Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, and Peyronie's disease have been 
“reported rarely. The oculomucocutaneous reactions associated with practolol have not been reported with propranolol. 
“DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride in a sustained-release capsule for 
administration once daily, ff patients are switched from INDERAL Tablets to INDERAL LA Capsules, care should be taken to 
assure that the desired therapeutic effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL INDERAL LA has different kinetics and produces lower blood levels. Retitralion may be necessary. especially to 
maintain effectiveness at the end of the 24-hour dosing interval, 
For management of hypertension, angina pectoris, migraine, and hypertrophic subaostic stenosis the dosage must be 
individualized. Usual initial dose is 80 mg once daily. 
if treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (see WARNINGS). 
oe DOSAGE — At this time the data on the use of the drug in this age group are too limited to permit adequate directions 
Or use. 
OVERDOSAGE. INDERAL is not significantly dialyzable. If ingestion is, or may have been, recent. evacuate gastric contents, 
faking care to prevent pulmonary aspiration, 
BRADYCARDIA: Administer atropine (2.25 to 1.6 mg): if no response to vagal blockade, administer isoproterenol cautiously. 
CARDIAC FAILURE: digtalization and diuretics. HYPOTENSION. yasopressors, eg, levarlerenai ot epinephrine (there is evidence 
that epinephrine is the drug of choice). BRONCHOSPASM: administer isoproterenol and aminophylline 
The appearance of these capsules is a registered trademark of Ayerst Laboratories. 
WYETH-AYERST LABORATORIES 
Philadelphia, PA 10101 63137 
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Its called talking. If your older patients don’t 
ask you about the prescriptions they've been 
given, make it a point to tell them what they 
need to know. Make sure they know the 
medicine’s name, how and when to take it, 
precautions, and possible side effects. En- 
courage them to write down the information and 
ask you questions about things they don’t 
understand. 

You'll also want to take a complete medica- 
tions history including both prescription and 
non-prescription medicines. The history can 
alert you to the potential for drug interactions 
and help you simplify their regimen. 

Re-introduce the oldest advance in 
medicines. Make talking a crucial part of your 
practice. Because good, clear communication 
about medicines isn't a thing of the past. It’s the 
way to a healthier future. 


Before they take it, 
talk about it. 


M £ National Council on 

A K Patient Information and Education. 
666 Eleventh St. NW. Suite 810 
Washington, D.C. 2000) 
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From refill to refill... 
which carbamazepine 
will your patient 


get next? 


TEGRETOL is indicated 
for children 6 years 
and older and adults 






Because o potential 
for serous hematologic 
adverse reactions, ils 
important that you become 
thoroughly familhar with 

the full Prescnbin 
Information for TEGRETOL 
on the following page 
especially the boxed warning 
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Prevent substitution 
when you 

prescribe Tegretol 

Sign each prescription on the line 
that prevents substitution, or 

add the phrase required in your 
state to prevent substitution: 


(J Dispense As Written 

O No Substitution 

O Do Not Substitute 

C] Brand Necessary 

C] No Drug Product Selection 
[_] May Not Substitute 

C] Medically Necessary 








For your Medicaid patients... 
To prevent substitution of 

TEGRETOL for your Medicaid 
patients, be sure to add the 

phrase “Brand Medically 

Necessary” on each prescription. 





EE E E ABS CALAN 


.. because there’s no 
substitute for experience. 


Tegretol® 
carbamazepine USP 


Chewable Tablets of 100 mg—red-speckied, pink Tablets of 200 mg—pink 





| WARNING 

| APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
| 

ji 


ATION WITH THE USE OF TEGRETOL. DATA FROM A POPULATION-BASED CASE 

CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
i TIONS i$ 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER. 
| THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
| LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
| PORULTION EEA OR APLASTIC ANEMIA. 

F TRANSIENT OR PERSISTENT DECREASED PLATELET 
| OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
| THE USE OF TEGRETOL, DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 

THEIR INCIDENCE OR OUTCOME. HOWEVER, THE VAST MAJORITY OF THE 

CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
| TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS. 
j BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND AP- f 
| LASTIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES f 
| OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO | 
| SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY. NONETHELESS, COM- | 
| PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A i 
| BASELINE. iF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR | 
| DECREASED WHITE BLOOD CELL OR PLATELET COUNTS, THE PATIENT SHOULD 
i 
| | 
if f 
i j 





BE MONITORED CLOSELY DISCONTINUATION OF THE ORUG SHOULD BE CON- 
SoenED F ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 





Betore prescribing 


DESCRIPTION 

Tegretol, carbamazepine USP is an anticonvulsant and specific anaigesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
Morna its chemical name is 5H-dibenzid.flazepine-5-carboxamide. and its struc- 
turai formula is 


N 
CONH; 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
Soluble in alcohol and in acetone. Its molecular weight is 236.27 
inactive ingredients. Colonial silicon dioxide, FD&C Red No. 3 (chewable tablets only), 
FD&C Red No. 40 (200-mg tablets only), flavoring {chewable tabiets only} gelatin 
glycerin, magnesium stearate, sodium starch glycolate (chewable tablets oniy), starch. 
Stearic acid, and sucrose (chewable tablets only) 


CLINICAL PHARMACOLOGY 
In controled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia. 

H has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the postretanc potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. it depresses thalamic potential and 
bulbar and polysynaptic reflexes, inciuding the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism af action remains unknown. 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution. thus avoiding undesirably high peak concentrations. Tegretol chewable tablets 
May produce higher peak levels than the same dose given as regular tablets. Tegretol in 
blood is 76% bound to plasma proteins. Plasma tevets of Tegretol are variable and may 
range from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug 
Usual adult therapeutic levels are between 4 and 12 g/ml Following oral administration. 
serum levels peak at 4 to 5 hours. The CSF/serum ratio is 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegreto! may induce its own metabolism, the half-life 
is also variable. Initial half-tite values range trom 25-65 hours, with 12-17 hours on 
repeated doses. Tegretol is metabolized in the liver, After orai administration of 14C-carba- 
mazepine, 72% of the administered radioactivity was found in the urine and 28% in the 
feces. This urinary radioactivity was composed largely of hydroxylated and conjugated 
metabolites, with only 3% of unchanged Tegretol. Transplacental passage of Tegretol is 
rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues. with higher levels 
found in liver and kidney than in brain and lungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug. Evidence supporting 
efficacy of Tegreto! as an anticonvulsant was derived trom active drug-controtied studies 
that enrofied patients with the following seizure types 
1, Partial seizures with complex symptomatology (psychomotor. tempora lode). Patients 
with these seizures appear to show greater improvement than those with other types 
2. Generalized tonic-clonic seizures (grand mal), 
3. Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol {see PRECAU- 
TIONS, General). 
Trigeminal Nevraigia: Tegreto! is indicated in the treatment of the pain associated with 
true tngeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used tor the relief of trivial aches or 
pains. 
CONTRAINDICATIONS 
Tegretol shouid not be used in patients with a history of previous bone marrow depression, 
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine. imipramine, protriptytine, nortriptyline, etc. Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits. 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
nSk. 

Severe dermatologic reactions including toxic epiderma! necrolysis {Lyells syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegreto!, These reactions have 
been extremely rare. However, 2 few fatalities have been reported 

Tegreto! has shown mild anticholinergic activity: therefore. patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds, the possibility af 
activation of a latent psychosis and, in elderly patients, of contusion or agitation shouid be 
borne in mind 


PRECAUTIONS 
General: Batore initiating therapy, a detailed history and physical examination shouid be 
made 

Tegreto! should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures. since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE}. 

Therapy shouid be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac, hepatic or renal damage, adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as fever, sore throat, ulcers n the 
mouth, easy bruising. petechial or purpuric hemorthage. and should be advised fo report 
to the physician immediately it any such signs or symptoms appear. 

Since dizzmess and drowsiness may occur, patients should be cauboned about the 
hazards of operating machinery or automobiles of engaging in other potentially dangerous: 
Tasks 
Laboratory Tests: Complete pretreatment blood counts. including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline. H a patient in the course of 
treatment exhibits low of decreased white biogd cell or platelet counts, the patient shouid 
be monitored closely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver tuncton, particularly in patients with a history 
of liver disease, must be performed during treatment with this drug since liver damage 
may occut. The drug should be discontinued immediately n cases of aggravated liver 
dysfunction or active fiver disease 

Baseline and periodic eye examinations, including sit-lamp, funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 


Basefine and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) nas increased the efficacy 
and safety of anticonvulsants. This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance. in addition, 
measurement of drug Serum ievels may aid in determining the cause of toxicity when more 
ees medication is being used. 

function tests have been to show decr 
ET cou, reported eased values with Tegretol 

Hyponatremia has been reported in association with Tegretol use. either alone or in 

combination with other drugs. 
Drag interactions: The simultaneous administraton of phenobarbital, phenytoin. or 
primidone, or a combination of two. produces a marked towering of serum levels of 
Tegretoi. The effect of vaiproic acid on Tegreto! bisod levels is not ciearly established, 
aithough an increase in the ratio of active 10, 11-epoxide metabolite to parent compound is 
a consistent finding. 

The half-lives of phenytoin. warfarin. doxycycline. and theophylline were significantly 
shortened when administered concurrently with Tegretol. Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretoi. The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimes. 

Concomitant administration of Tegretol with erythromycin, cimetidine, propoxyphene, 
isoniazid. fluoxetine or calcium channel blockers has been reported to result in elevated 
plasma levels of carbamazepine resulting in taxicity in some cases. Also, concomitant 
plein of carbamazepine and lithium may increase the risk of neurotoxic side 
effects. 

Alterations of thyroid function have been reportec in combination therapy with other 
anticonvulsant medications. 

Breakthrough bieeding has been reported among datients receiving concomitant orat 

contraceptives and their reliability may be adversely affected. 
Carcinogenesis, Mulsgenesis, impairment of Fertility: Carbamazepine. when adminis- 
tered to Sprague-Dawley rats tor two years in the diet at doses of 25, 75, and 250 
mg/kg/day. resulted in a dose-related increase in the incidence of hepatocellular tumors in 
temates and of benign interstitial call adenomas in the testes of males. 

Carbamazepine must, therefore, be considered to be carcmogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results. The significance of these lindings relative to the use of carbamazepine in 
humans is, at present. unknown 
Pregnancy Category Č: Tegretol has been shown to have adverse effects in reproduction 
studies in rats when given orally in dosages 10-25 times the maximum human daiiy dosage 
of 1200 mg. in rat teratology studies, 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomaties (cleft palate. 1; talipes, 1; 
anophthaimos, 2} in reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternai dosage level of 200 mg/kg 

There are no adequate and well-controlied studies in pregnant women. Epidemiological 
data suggest that there may be an association between the use of carbamazepine during 
pregnancy and congenita! malformations, inctuding spina bifida. Tegretol should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus 

Retrospective case reviews suggest that. compared with monotherapy, there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
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combination therapy. Therefore, monotherapy is recommended tor pregnant women 
Itis important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility ot precipitating status epilepticus with attendant hypoxia and threat to lite. in 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient. discontinuation of the 
drug may be considered prios to and during pregnancy, although it cannot be said with any 
contidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation, concentration of Tegretal in miik is approximately 60% 
of the maternal plasma concentration 
Because of the potential for serious adverse reactions in nursing infants from car- 
bamazepine, a decision shouid be made whether to discontinue nursing or to discontinue 
the drug, taking into account the importance of the drug to the mother. 
Pedistric Use: Safety and effectiveness in chitdren below the age of 6 years have not been 
established 


ADVERSE REACTIONS 
H adverse reactions are of such severity that the drug must de discontinued, the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in 2 responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards. 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most trequently observed adverse reactions. particularly during the initial phases ot 

therapy, are dizziness, drowsiness, unsteadiness, nausea, end vomiting. To minimize the 
possibility of such reactions, therapy should be initiated at the iow dosage recommended. 

The following additional adverse reactions have been reported: 

Hemopoistic System: Apiastic anemia, agranulocytosis, pancytopenia, bone marrow 
depression, thrombocytopenia, leukopenia, feukocytosis. eesinophifia. acute intermittent 
porphyria 

Skin. Pruritic and tous rashes, urticaria, toxic epidermal necrolysis (Lyell’s 
syndrome) (see WARNINGS), Stevens-Johnson syndrome {see WARNINGS), photosen- 
sitivity reactions, alterations in skin pigmentation, extuliative dermatitis, erythema muit- 
forme and nodosum. purpura, aggravation of disseminated iupus erythematosus. 
alopecia, and diaphoresis. in certain cases, discontinuation of therapy may be necessary. 
isolated cases of hirsutism have been reported. but a causal relationship is not clear. 
Cardiovascular System: Congestive heart taiture, edema. aggravation of hypertension, 
hypotension, syncope and collapse. aggravation of coronary artery disease, arrhythmias 
and AV block, primary thrombophiebitis, recurrence of thrombophlebitis. and adenopathy 
or lymphadenopathy. 

Some of these cardiovascular complications have resulted in fatalities. Myocardial 
infarction has been associated with other tricyclic compounds. 

Liver: Abnormalities in liver function tests, cholestatic and hepatocellular jaundice: 
hepatitis. 

Respiratory System: Pulmonary hypersensitivity characterized by fever, dyspnea, pneu- 
monitis of pneumonia. 

Genitourinary System: Urinary frequency. acute urinary retention, oliguria with elevated 
Diood pressure, azotemia, renal faiture, and impotence. Aibuminuna, glycosuria, elevated 
BUN and microscopic deposits in the urine have also been reported 

‘Testicular atrophy occurred in rats receiving Tegretol orally trom 4 to 52 weeks at dosage 

levels of 50 to 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25. 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis. in dogs. it produced a Drowaish discoloration, presem- 
ably a metabolite, in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown. 
Nervous System: Dizziness, drowsiness, disturbances of coordination. confusion, head- 
ache. fatigue. blurred vision, visual hallucinations, transient ciplopsa, oculomotor distur- 
bances. nystagmus. speech disturbances. abnorma: involuntary movements, penpherai 
neuritis and patesthesias. depression with agitation. takativeness. tinnitus. and 
hyperacusis. 

There have been reports of associated paralysis and other symptoms of cerebral arteria! 
insutticiency. but the exact reiatonship of these reactions to the drug has not been 
established. 

Digestive System: Nausea, vomiting. gastric distress and abdomunai pain, diarrhea, 
constipation, anorexia. and dryness of the mouth and pharyrx. :nciuding giessits and 
stomatitis. 

Eyes. Scattered, punctate. cortical iens opacities, as well as conjunctivitis have been 
reported. Although a direct causai relationship has not been established, many phe- 
nothiazines and related drugs have been shown to cause eye changes 

Musculoskeletal System: Aching joints and muscies. and leg cramps 

Metabolism: Fever and chills inappropriate antidiuretic hormone {ADH} secretion syn- 


pale pas a ibaa Cases of frank water intoxication, with decreased serum sodiun 
yponatremia) and confusion, have been reported in association with Tegretol 
PRECAUTIONS. Laboratory Tests} nae tee ve 
Other: Isolated cases of a lupus erythematosus-like syndrome have been reported. Then 
have been occasional reports cf elevated levels of cholesterol, HDL cholesterol anı 
triglycerides in patients taking anticonvulsants 

A case of aseptic meningitis, accompanied by myocionus and peripheral eosinophilia 
has been reported in a patient taxing carbamazepine in combination with other medica 
tions. The patient was successfully dechalienged, and the Meningitis reappeared upor 
rechalienge with carbamazepine. 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretal, nor is there evidence o 
Dsychological or physical dependence m humans. 


OVERDOSAGE 
Acute Toxicity 
Lowest known jethat dose: adults, >60 g (39-year-cid man). Highest known dose: 
survived: adults. 30 g (31-year-old woman): chitdren, 10 g (6-year-old boy): smat 
children. 5 g (3-year-oid giri). 

Oral LD 50 in animais (mg/kg): mice. 1100-3750; rats, 3850-4025; rabbits, 1500-2680 
guinea pigs, 920. 
Signs end Symptoms 
The first signs and symptoms appear after 1-3 hours. Neuromuscular disturbances are the 
fost prominent, Cardiovascular disorders are generalty milder, and severe cardiac com- 
ications occur only when very high doses (>60 g) have been ingested 
Respiration: irregular breathing, respiratory depression. 
Carana tiair System: Tachycardia, hypotension or hypertension, shock, conduction 

isorders. 

Narvous System and Muscles: impairment of consciousness ranging in severity to deep 
cema. Convulsions, especially in smal! children. Motor restlessness, muscular twiteuing. 
tremor, athetoid movements. opisthotonos, ataxia, drowsiness, dizziness, mydriasis, 
nystagmus. adiadochokinesia. baiism, psychomotor disturbances, dysmetria. Initial 
hyperreflexia, toltowed by hyporeflexia. 
Gastrointestinal Tract: Nausea, vomiting 
Kidneys and Bladder: Anuria or oliguria, urinary retention 
Laboratory Findings. isolated instances of overdosage have included leukocytosis. re- 
duced leukocyte count, glycosuria and acetonuria. EEG may show dysrhythmias. 
Combined Poisoning: When aicohol, tricyclic antidepressants, barbiturates or hydantoins 
are taken at the same tima, the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or moditied. 
Treatment 


The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug, which may be achieved ty inducing vomiting, irrigating the stomach. and by 
taking appropriate steps to diminish absorption. If these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded. There is no specific antidote 

Etimination of the Drug: induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated. especially if the patient has aiso 
consumed alcohol, 

Measures to Reduce Absorption: Actwated charcoal, laxatives 
Measures to Accelerate Elimination. Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with renal failure. Replacement 
transfusion is indicated in severe poisoning in smali children. 

Respiratory Depression. Keep the airways free, resort. if necessary, to endotracheal 
intubation, artificial respiration. and administration ot oxygen. 

Hypotension, Shock: Keep the patient's legs raised and administer a plasma expander, it 
blood pressure fails to rise despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered. 

Convulsions. Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
chidren), hypotension, and coma. However, barbiturates should not be used if drugs that 
inhibit monoamine oxidase have aiso been taken by the patient either in overdosage or 
recent therapy (within one week), 

Surveiliance: Respiration. cardiac tunction (ECG monitoring), blood pressure, body tem- 
perature, pupillary reflexes. and kidney and bladder function should be monitored for 
several days 

Treatment of Blood Count Abnormalities: it evidence of significant bone marrow depres- 
sion develops, the following recommendations are suggested: {1} stop the drug. (2) 
perform daily CBC. platelet and reticulocyte counts, {3} do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and platelet anti- 
bodies. (2) 59Fe—ferrokinetic studies, (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and peripheral blocd, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electropnoresis for Ap and F hemoglobin. and {7) serum 
folic acid and 849 levels. 

A fully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy, tor which specialized consultation should be sought 


DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and satety of anticonvulsants (see 
PRECAUTIONS, Laboratory Tests), Dosage should be adjusted to the needs of the individ- 
ual patent, A low initial daily dosage with a graduat increase is advised. As soon as 
adequate contro! is achieved, the dosage may be reduced very gradually to the minimum 
attective levei. Tablets should be taken with meals 

Epilepsy (see INDICATIONS AND USAGE). 

Adults and children over 12 years of age—Initial: 200 mg b.i.d. increase at weekly 
intervals by adding up to 200 mg per day using a t.i.d. or g.i.d. regimen unti the best 
response is obtained. Dosage should generally not exceed 1000 mg daily in chitdren 12 to 
15 years of age. and 1200 mg daily in patients above 15 years ot age. Doses up to 1600 mg 
daily have been used in adults in rare instances, Maintenance: Adjust dosage to the 
minimum effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—initial: 100 mg b i.d. Increase at weekly intervals by adding 
100 mg per day using a t.i.d. or q.i.d. regimen until the best response is obtained. Dosage 
should generally not exceed 1000 mg. Maintenance: Adjust dosage to the minimum 
effective ievel, usually 400-800 mg daily. 

Combination Therapy: Tegreto! may be used alone or with other anticonvulsants. When 
added to existing anticonvulsant therapy. the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased. except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions and Pregnancy Category 


o). 

Trigeminal Neuralgia (see INDICATIONS AND USAGE). 

Jaitial: 100 mg b.i.d. on the first day for a total daity dose ot 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom trom pain. De not exceed 1200 mg daily. 

Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily, However, some patients may be maintained on as jittie as 200 mg daily, while others 
may require as much as 1200 mg daily. At least once every 3 months throughout the 
treatment period, attempts should be mace to reduce the dose to the minimum effective 
level or even to discontinue the drug. 


HOW SUPPLIED 
Chewebis Tablets 100 mg—round. red-speckied, pink, single-scored {imprinted Tegretol 
on one side and 52 twice on the scored sde) 
Botties of 100 3 NDC 58887-052-30 
Unit Dose {blister pack) 

Box ot 100 

{strips ot 10) $ 3 Lieu, - NOC 58887-052-32 
Tablets 200 mg—-capsuie-shaped. pink. single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 


Botties of 100 NOC 58887-027-30 

Botties of 1000 NDC 58887-027-40 
Unit Dose (blister pack} 

Box of 100 


istnps of 10} NOC 58887-027-32 
Samples, when available. are identified by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in tight container {USP} 

Aiso avaiable as: Tegretot suspension 100 mg/5 mi, in 450 mi botties 
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CALENDAR OF MEETINGS 


The Second International Immunobiology of Renal Cell Carcinoma Symposium, Ritz-Carlton Hotel, 
Cleveland, Ohio. Contact The Cleveland Clinic Educational Foundation, Department of Continuing 
Education, PO Box 94977, Cleveland, OH 44195-5241; (216) 444-5696; (800) 762-8173 outside 
Ohio. 

“Progress in Understanding Postconcussion Syndrome,” Four Seasons Hotel, Dallas, Tex. Contact 
Ann McCormick, Southern California Neuropsychiatric Institute, 6794 La Jolla Blvd, La Jolla, CA 
92037; (619) 454-2102. 

“Contemporary Concepts of Headache Management for the Neurologist,” Farmington, Conn. 
Contact Susan Crawford, Neurology Department, University of Connecticut School of Medicine, 263 
Farmington Ave, Farmington, CT 06030; (203) 679-3186. 

“Selegiline: New Applications in Neurological and Psychiatric Disorders,” New York, NY. Contact 
New York University Medical Center, Postgraduate Medical School, 550 First Ave, New York, NY 
10016; (212) 263-5295. 

Second International Headache Research Seminar, Copenhagen, Denmark. Contact Mrs Vibe 
Halling, Secretary, Second International Headache Research Seminar, Department of Neurology, 
Gentofte Hospital, Niels Andersens Vej 65, DK-2900 Hellerup, Copenhagen, Denmark. 

International Symposium on Cerebrovascular Disorders, Goigna-Goias, Brazil. 

“Current Neuro-Ophthalmology,” Ritz-Carlton Buckhead, Atlanta, Ga. Contact Emory University 
School of Medicine, Office of Continuing Medical Education, 1440 Clifton Rd, Atlanta, GA 30322; 
(404) 727-5695. 

“Molecular and Cellular Approaches to the Treatment of Brain Disease,” Penta Hotel, New York, NY. 
Contact Ivan Bodis-Woliner, MD, Box 1052, Association for Research in Nervous and Mental 
Disease, Mount Sinai Hospital, One Gustave L. Levy PI, New York, NY 10029; (212) 348-8133. 
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Stay Ahead of the Headlines 


Principles of Drug Therapy in Neurology will bring you 
up-to-date on the latest research affecting neurologic practice today. 





Once considered largely ‘ 
untreatable, neurologic disorders 
have become the newest frontier 
for breakthrough research in 
pharmacology. Principles of Drug 
Therapy in Neurology discusses the 
latest investigational strategies and 
theories and how they affect current 


clinical practice. This new book brings 


you up-to-date on the latest neurologic 
drugs and treatments, and helps you stay 


ahead in this demanding field. 


Comprehensive, Concise 
Treatment of Current Drug 


Use in Neurology. 


From the latest approaches to Alzheimer’s 
disease to the pharmacology of “crack cocaine,” this 
new book details the mechanisms, delivery systems, 
and efficacy of the latest medications. Principles of 
Drug Therapy in Neurology bridges the gap between 
the experimental and the practical, and lets you get a 
jump on the issues and answers in neurology today. 
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Professor and Haller Scholar of Neurology 
and Pediatrics. Johns Hopkins University 
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Institute, Baltimore, Maryland. 
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M.D., P h.D. 

Professor of Neurology and Physiology, 
University: of Michigan Medical School, 

Ann-Arbor, Michigan. 





Authors and editors bring a unique blend 
of clinical and experimental perspectives. 


Anne B. Young, M.D., Ph.D. 
Professor. and Chief, Neurology Service, 
Massachusetts General Hospital and 
Julieanne Dorn Professor of Neurology, 
Harvard Medical School, Boston, 
Massachusetts. 
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contributers. 
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I understand that I am under no obligation to buy. 


LITTA Schaumburg et al.: Disorders of Peripheral 
Nerves, 2nd Ed. Sept. 1991, About $75.00. 


[2 5652 Liveson: Peripheral Neurology: Case Studies 
in Electrodiagnosis, 2nd Ed. 1991. $60.00. 


£13342 Kimura: Electrodiagnosis in Diseases of 
Nerve and Muscle: Principles end Practice, 
2nd Ed. 1989, $89.00. 


[35528 Leigh & Zee: The Neurology of Eye 
Movements, 2nd Ed. 1991. $80.00. 
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Diagnosis and Principles of Management. 
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{1 0584 Baloh & Honrubia: Clinical Neurophysiology 
of the Vestibular System, 2nd Ed. 1990. $72.80. 


(13201 Engel: Seizures and Epilepsy. 1989. $99.00. 





Contents: a solid 
balance between 
the practical and 
the theoretical. 


Chapter 1, Fundamentals of Drug 
Therapy in Neurology. Molecular 
Targets of Drug Action in the Nervous 
System. Barriers to Drug Action in the CNS. 
Dynamic Features of Drug Action. Toxicity 
of Neuroactive Drugs. Influence of Age on 


Drug Action. Chapter 2, Movement Disorders, Neurochemical 
Anatomy of Basal Ganglia. Parkinson's Disease. Huntington's Disease. 
Dystonia. Tremors. Tics. Hemiballismus. Spasticity. Wilson's Disease. Drug 


Manipulation of Transmitter Systems. Chapter 3. Seizure Disorders 
and Epilepsy. Seizures and Epilepsies. Clinical Classification of 
Anticonvulsant Drugs. Mechanisms of Action of Anticonvulsant Drugs. 
Mechanistic Classification of Anticonvulsant Drugs. Clinical Use of 
Anticonvulsant Drugs for Chronic Therapy. Therapy for Status 
Epilepticus. Chapter 4. Hypoxic-Ischemic Disorders and 
Stroke. Background. Therapies to Enhance Brain Oxygen and 
Substrate Supply. Experimental Therapies to Maintain Cellular 
Viability. Therapies for Stroke Edema. Selection of Established 
Pharmacotherapies. Chapter 5. Migraine. Theories of Migraine 
Pathogenesis. Pharmacological Approaches to Migraine. Future 
Approaches. Chapter 6. Immune-Mediated Disorders. 
Organization of Immune System. CNS/Immune System Interactions. 
Autoimmune Neurologic Diseases. Immunotherapies. Immunotherapy in 
Human Autoimmune Neurologic Disease. Chapter 7. Psychiatric 
Disorders. Clinical Psychopharmacology. Neuroleptics. Antidepressants. 
Benzodiazepines. Chapter 8 Cognitive Disorders. Memory Disorders. 
Dementia. Therapy for Dementia. Cognitive Disorders in Young People. 
Chapter 9. Pain. Introduction to Clinical Pain and Its Management. 
Anatomy and Physiology of Central Nociceptive Systems. Antinociceptive 
Systems in the CNS. Pharmacological Management of Pain. Chapter 10. 
Acute Drug Intoxication and Abuse. Alterations in Consciousness 
Caused by Drugs and Toxins. Seizures Caused by Drug Intoxication, 


Preview Service 
An Idea That’s Ahead of its Time 


Staying ahead of the latest developments in neurology is easy 
with FA. Davis’ exclusive Preview Service. Enroll now and you'll 
receive future titles in the Contemporary Neurology Series to read 
and review before they are available in bookstores and libraries, 
As a member of the Preview Service, you will receive each new 
volume in the Contemporary Neurology Series as soon as it is 
published with no risk to you. If, after reviewing the book, you are 
not completely satisfied, simply return it with the invoice. You will 
not be billed for books returned in good condition within 30 days. 

Enroll today, and preview these upcoming titles: Katzman & 
Rowe's Principles of Geriatric Neurology; Mazziotta & Gilman's 
Clinical Brain Imaging: Principles and Applications: and Evaluation 
and Treatment of Myopathies by Griggs et al. 
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Books 


Clinical Neurophysiology Update, edited by J. E. 
Desmedt, vol 1, Neuromonitering in Surgery, 377 pp, 
with illus; vol 2, Computer-Aided Electromyography 
and Expert Systems, 320 pp, with illus, Amsterdam, 
the Netherlands, Elsevier, 1989. 

This series, edited by Professor Des- 
medt, who has been very active in the 
field of clinical neurophysiology for 
many years, follows the first series, 
Clinical Neurophysiology, published 
in 1973, and the second series, Clinical 
Neurophysiology Progress, published 
in 1981. 

Volume 1 contains 20 chapters writ- 
ten by world authorities dealing with 
neuromonitoring techniques in sur- 
gery. This field has been developing 
rapidly because of new technology and 
is very important in surgical interven- 
tions on brain, spinal cord and roots, 
and peripheral nerves. The techniques 
help the operating team to assess func- 
tion during a procedure to avoid neu- 
rologic damage. These new neuromon- 
itoring techniques require the training 
of a new group of neuroanesthesiolo- 
gists-clinical neurophysiologists, who 
can document preservation of neural 
function during difficult surgical pro- 
cedures. This area of clinical neuro- 
physiology should continue to develop 
and already has shown its value in 
surgical therapy. Included in this vol- 
ume are chapters dealing with soma- 
tosensory evoked potentials, auditory 
nerve and brain-stem responses, trans- 
cranial stimulation, neuromuscular 
transmission, peripheral nerve record- 
ings, spinal cord potentials, and sei- 
zure monitoring. The techniques are 
well-described and illustrated. Expe- 
rience and results of using the tech- 
niques in various diseases and proce- 
dures are presented. A large reference 
list is provided at the end of the vol- 
ume. This volume is highly recom- 
mended to all physicians, physiolo- 
gists, and technicians who are inter- 
ested in neurologic function and how it 
may be altered during surgical proce- 
dures. All clinical neurophysiology 
laboratories should be using these 
techniques, and this volume will be 
helpful in their use and interpretation. 

Volume 2 stresses computers and 
new technology in the study and anal- 
ysis of electromyelographic (EMG) 
signals and its value in neuromuscular 
disease. Each of the 23 chapters is 
written by world authorities in the 
area. The volume is divided into sec- 
tions on needle EMG motor-unit re- 
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cordings, surface EMG, EMG-inter- 
ference patterns, applications of EMG 
analysis and artificial intelligence, and 
expert systems in neuromuscular di- 
agnosis. The chapters are well written 
and have adequate illustrations. The 
reference list is comprehensive and lo- 
cated at the end of the volume. 

Quantitative EMG has been avail- 
able for many years and depends on 
technology as well as the ease of its use 
and the dependability of its results. 
Most laboratories using these tech- 
niques are now research oriented, 
since the techniques, to date, have not 
been reliable by themselves for accu- 
rate neuromuscular diagnoses or ther- 
apy. However, they remain important 
in the physiologic study and interpre- 
tation of neuromuscular function. This 
volume is recommended for students, 
engineers, and clinical neurophysiolo- 
gists who are active in this area of re- 
search. Clinical neurologists will not 
find it helpful in their practice at this 
time. 


RICHARD F. MAYER, MD 
Baltimore, Md 


Textbook of Performing Arts Medicine, edited by 
Robert Thayer Sataloff, Alice G. Brandfonbrener, 
and Richard J. Lederman, 432 pp, with illus, $88, 
New York, NY, Raven Press, 1991. 

The publication of Textbook of Per- 
forming Arts Medicine marks another 
milestone in the growth of this new 
multidisciplinary specialty, comple- 
menting the recent arrivals of annual 
conferences, peer-reviewed journals, 
and professional societies. The editors 
of this concise volume are among the 
leaders in the field, Lederman being 
one of the leading neurologists in per- 
forming arts medicine. Since the field 
is still relatively early in its evolution, 
often there is a dearth of scientific data 
on which to base clinical practice. The 
authors and editors have done an ad- 
mirable job of combining the available 
literature with their own considerable 
experience to produce a very useful 
text. 

The 15 chapters are all well refer- 
enced and well illustrated. The major 
clinical entities in performing arts 
medicine—musculoskeletal pain syn- 
dromes and neurologic impairment of 
the upper extremities in instrumental- 
ists, voice problems in singers, and 
lower extremity injuries in dancers— 
are covered well in several of the 
longer chapters. The chapter on voice 


care includes a suggested clinical da- 
tabase for the singer with problems. A 
similar outline for the hurting instru- 
mentalist would have been helpful; the 
recommended workup is spread out 
over three chapters. The discussion of 
neurologic problems is comprehensive 
and covers both performance-induced 
and other performance-impairing con- 
ditions. 

Three chapters are devoted to the 
psychological problems of performers, 
but this book does not offer a consoli- 
dated review of performance anxiety. 
Several other relevant topics are re- 
viewed in other chapters: eye problems 
and hearing loss, reproductive difficul- 
ties among female dancers, and tem- 
poromandibular joint problems. The 
book opens nicely with a historical re- 
view of the development of the field 
and an epidemiologic overview of per- 
formers’ problems. The closing chap- 
ter, on legal aspects of the health care 
of performers, is devoted almost en- 
tirely to malpractice issues. A discus- 
sion of workers’ compensation issues 
would have been relevant here. An in- 
dex is provided. 

This book should become the stan- 
dard reference for clinicians in a vari- 
ety of specialties who see performing 
artists, especially musicians. Use of 
the book does not presuppose a sophis- 
ticated knowledge of music or dance. 
Whether it will be used by performers 
and their teachers remains to be seen. 
One hopes that it will enhance the in- 
teraction between performers and 
those who care for them. 


RALPH A. MANCHESTER, MD 
Rochester, NY 


Neck and Arm Pain, ed 3, by R. Cailliet, 226 pp, 
$16.95, Philadelphia, Pa, FA Davis Co Publishers, 
1991. 

This work addresses the evaluation 
and treatment of commonly encoun- 
tered symptoms in the general practice 
of medicine. The early chapters are con- 
cerned with anatomy, cervical nerves, 
and posture. The analysis of symptoms 
based on pain mechanisms is well pre- 
pared and focused on the diverse struc- 
tures within the cervical spine and spi- 
nal cord that may be the source of pain. 
The section dedicated to whiplash syn- 
drome is well done, and the authors 
approach to different types of treat- 
ment is nicely presented. All of the 
chapters contain numerous, well-drawn 


Books 


illustrations by Dr Cailliet. Unfortu- 
nately, at times they are presented on 
pages that do not correspond to the ac- 
tual text. The chapters concerned with 
spondylitic myelopathy and thoracic 
outlet syndrome pay little attention to 
possible surgical intervention. 

The bibliography at the end of each 
chapter is substantial and current. 

This short, focused work contains 
much useful information that should be 
most helpful to a wide group of health 
professionals. 


RICHARD SATRAN, MD 
Rochester, NY 


Advances in Neurology, volume 55, Neu- 
robehavioral Problems in Epilepsy, edited by 
Dennis B. Smith, David M, Treiman, and Michael 
R. Trimble, 485 pp, $135, New York, NY, Raven 
Press, 1990. 

The Advances in Neurology series 
has been delivering useful, state-of-the- 
art reviews of clinical topics for almost 
20 years. This, the 55th volume in the 
series, is quite in keeping with the high 
standards that have been established. 
The volume belongs in the library of all 
behavioral neurologists, epileptolo- 
gists, and clinicians who have a substan- 
tial commitment to treatment of, and 
research in, epilepsy. 

Does epilepsy predispose to violence? 
To psychosis? What is our current un- 
derstanding of the interictal personality 
disorders of epilepsy? Is carbamazepine 
really “easier” on cognition than its 
competitors? Which anticonvulsants 
are psychotropics, and how valuable are 
they in actual practice? These contro- 
versies and others receive measured 
consideration within the chapters of this 
book. For example, with regard to the 
question of interictal behavioral distur- 
bances that develop among patients 
with temporal lobe epilepsy, the con- 
trasting viewpoints of Janice Stevens, 
Michael Trimble, and Frank Benson are 
all presented. Jerome Engel provides a 
complementary review of more basic 
physiologic and animal research of rele- 
vance to the issue. The book does not 
attempt to provide a synthesis of these 
divergent perspectives but lets these 
senior scholars speak for themselves. 

There is a solid, international charac- 
ter to the list of contributors, and most 
speak with the authority of academic 
centers, where there is ongoing neuro- 
psychiatric research into behavioral as- 
pects of epilepsy. The UCLA group is 
well represented among the authorship 
as well as the National Institute of Men- 
tal Health, Bethesda, Md, and the Na- 
tional and Maudsley Hospitals, London, 
England. German, Swiss, and French 
groups are also represented. Refer- 
ences for most chapters are encyclope- 
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die. The quality of presentation by the 
publisher is high, and few typographical 
errors have slipped by the editors. 

At this juncture in the review, I 
would normally add some comments 
about weaknesses and failings in the 
book. For Neurobehavioral Problems 
in Epilepsy I have none. This book is 
well done, topical, and valuable to re- 
searchers and clinicians alike. It should 
serve a wide audience and come to be 
widely cited. 

RANDOLPH B, SCHIFFER, MD 
Rochester, NY 


Peripheral Neuropathy in Childhood, by R. 
Ouvrier, J. G. McLeod, and J. Pollard, 252 pp, $84, 
New York, NY, Raven Press, 1990. 

Neuropathies in children are uncom- 
mon and often nettlesome clinical prob- 
lems. Because these slowly evolving 
disorders can produce pes cavus or scoli- 
osis before their neuropathie nature is 
appreciated, these children are likely to 
be seen by pediatricians and orthope- 
dists long before they are referred to 
neurologists. Most neurologists have 
limited experience with childhood neur- 
opathies and will welcome the advent of 
this readable, slender, and focused re- 
source. The authors have long-standing 
and broadly based interests in the child- 
hood neuropathies. Dr Ouvrier, the pe- 
diatric neurologist at Children’s Hospi- 
tal Camperdown, Sydney, Australia, 
has worked for years with his colleagues 
at the University of Sydney. Drs 
McLeod and Pollard are leading figures 
in the clinical, physiological, and patho- 
logical assessment of neuropathies. The 
resulting volume covers in an authorita- 
tive fashion the major heritable neu- 
ropathies and the inflammatory demye- 
linating neuropathies. It more briefly 
presents the rare metabolic and idio- 
pathic conditions. Adequate attention 
is directed toward the organization, 
pathophysiology, and clinical assess- 
ment of peripheral nerves so that the 
descriptions of abnormalities in individ- 
ual diseases can be followed by the non- 
specialist and the nonneurologist. Thus, 
while this book will be read through by 
pediatric neurologists and by neuro- 
muscular specialists, it undoubtedly 
will be useful to pediatricians, orthope- 
dists, and house staff in their evaluation 
of individual patients. 

After the introductory chapters, the 
book is organized by diseases. Written 
inastraightforward style, the text hasa 
formality that recalls earlier times. For 
example, at the end of several discus- 
sions, “Case Histories,” some credited 
to colleagues, are effectively presented 
in a fashion reminiscent of Weir Mit- 
chell. This leisurely and attractive fea- 
ture contrasts with the brevity with 


which some disorders of particular cur- 
rent interest are presented, For exam- 
ple, mitochondrial eytopathies are dis- 
missed in one sentence, and no mention 
of the explosion of clinically useful mo- 
lecular approaches in the heritable amy- 
loidoses is offered. 

This is a cautious book. The literature 
is extensively cited and controversies 
are dutifully noted. At times, the reader 
may wish that the authors were not 
quite so dutiful and evenhanded. The 
preface suggests that “this book is writ- 
ten from a strong personal perspective 
based, where possible, on our own clini- 
cal experience. It is likely that some will 
disagree with our experience, but when 
possible we prefer to state an opinion 
and have it refuted rather than to equiv- 
ocate.” This warning may refer to the 
authors’ firm stance that Dejerine-Sot- 
tas disease is a distinct recessive disor- 
der with characteristic features and to 
the attention given to “Hereditary Mo- 
tor and Sensory Neuropathy of Neuro- 
nal Type With Onset in Early Child- 
hood” (the latter is a disorder in need of 
an acro-, epo-, or other short “nym”). 
These are disorders about which Dr 
Ouvrier has contributed original work, 
and the discussions make clear the au- 
thors’ views. However, in other areas, 
despite their extensive experience, 
they are content to cite opinions and 
data from the literature. For example, 
their experience with 60 cases of child- 
hood Guillain-Barré syndrome is not 
further detailed or called on to support 
opinions. Their experience would have 
been welcome. 

Finally, this book has the advantage 
of its Australian origins and reflects the 
sharing of information and the concen- 
tration of experience that characterize 
the Australian health system. The au- 
thors explicitly acknowledge cases and 
data from other Australian workers, 
particularly Dr Lloyd Shield in Mel- 
bourne, and implicitly acknowledge the 
Australian system that (in common with 
the British, Canadian, and New Zea- 
land systems) allows the collection of 
specific diseases and problems in cen- 
ters. The authors undoubtedly see most 
of the pediatric peripheral nerve dis- 
ease in New South Wales. Whatever 
defects these health care systems might 
have, they encourage the referral and 
central collection of material from rare 
disorders. Few individuals in this coun- 
try have had such experience with pe- 
ripheral nerve disease in children, and, 
with the continued dissemination of 
subspecialty expertise, even fewer will 
in the future. This book will remain a 
useful clinical resource. 


JOHN W. GRIFFIN, MD 
Baltimore, Md 
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"ANNUAL MEETING AND COURSES _ 


American Electroencephalographic Society 
December 10-14, 1991 
Philadelphia, Pennsylvania 


The Annual Meeting of the Society will be held December 10-12 at the Wyndham Franklin 
Plaza Hotel in Philadelphia, Pennsylvania. The program will include Symposia on: The 
Changing Contribution of Electrophysiology to Epileptology, EEG-Neurophysiology- 
Epileptogenesis, and Advances in Evoked Potentials, as well as Scientific Sessions, posters, 
and a technical exhibit. 


The Annual Courses of the Society will be held December 13 and 14 at the Wyndham Franklin 
Plaza. Courses include: Basic EEG (full-day), Neonatal EEG, Technology of EEG, Poly- 
somnography, and Evoked Potentials. 


The American EEG Society is accredited by the Accreditation Council for Continuing Medical 
Education to sponsor continuing medical education for physicians. 


For more information, contact: 


Jacquelyn T. Coleman, Executive Director 
American Electroencephalographic Society 
P.O. Box 30, Bloomfield, CT 06002 
(203) 243-3977 
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Enable staff members to develop their professional potential. The Directory includes concise 
descriptions of 2800 educational programs, and information on prerequisites, length of 
programs and related curricula. 


for IO l | ? The Allied Health Education Directory, 19th Edition, is the most comprehensive listing of 
e educational programs in allied health. Order your copy today. For ‘fastest service call 
toll-free 


1-800-621-8335 


and charge payment to your MasterCard, Visa, American Express, or Optima. 
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Order Department, OP417591 f 
American Medical Association, PO. Box 109050, Chicago, Illinois 60610 


Price $36.00 AMA Members: 20% discount 
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@ = 10 to 1,000 times more potent than bromo- 
criptine on a milligram-per-milligram basis 


@ Improves patients’ functioning in activities 
of daily living, relieves signs and symptoms, 
and reduces “off” time 


@ = May allow a significant reduction in 
levodopa dosage 


@ Most common adverse events were dyskinesia, 
nausea, dizziness, and hallucinations 


@ Hypotension may occur, especially early in 
the course of therapy 


Stepwise titration without regard to meals 


Available in 0.05-mg, 0.25-mg, and 1-mg 
scored tablets 


Permax performs 
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Briet Summary. Consult the package insert for complete prescribing 
information. 


indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa’carbidopa in the management of the signs and symptoms af Parkin- 
son's disease 

Evidence to support the efficacy ot pergotide mesylate as an antiparkinso- 
man adjunct was obtained in a multicenter study enrolling 376 patients with 
mid to moderate Parkinson s disease who were intolerant to levodopa 
carbidopa as mamfested by moderate to severe dyskinesia and/or on-off ghe- 
nomena, On average. the sampie of patients evaluated had been on levodspa’ 
carbidopa tor 3.9 years (range, two days to 16.8 years). The administration of 
pergahde mesylate permitted a 5% to 30% reduction in the daily dose of 
levodopa On average, these patients treated with pergolide mesylate man- 
tained an equivalent or detter clinical status than they exhibited at baseline 


Contraindications: Pergolide mesylate is contraindicated in patients whe are 
hypersensitive to this drug or other ergot derivatives. 


Warnings: Symptomatic Hypotension ~in clinical trials. approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension, 
especially during initial treatment With gradual dosage titration. tolerance to 
the hypotension usually develops Itis. therefore. important to warn patients of 
the nSk, to begin therapy with low doses, and to increase the dosage in care- 
fully adiusted increments over a period of three ta four weeks 

Hallucmosis -in controlled trials, pergolide mesylate with levodopa caused 
hallucinasis in about 14% of patients as opposed to 3% taking placebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled: tolerance to this untoward effect was not 
observed 

Fatahties —in the placebo-controlied trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergoide 
mesylate. Of the 2,299 patients treated with pergolide mesylate in remarketing 
studies evaluated as of Octoder 1988, 143 died while on the drug ar shortly 
after discontinuing the drug The patient population under evaluation was 
elderly, di and at high risk for death Ht seems unlikely that pergolide mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patents cannot be excluded with absolute certainty 

in patticuiar, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set of signs. symptoms, or laboratory rescits 
that would Suggest that treatment with pergolide caused their deaths Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over No 
death (other than a suicide} occurred within the first month of treatment: mast 
of the patients who died had been on pergolide for years. A relative frequency of 
the causes of death by organ system are pulmonary failure/pneumonia 35% 
cardiovascular. 30%, cancer, 11%, unknown. 8.4%. infection, 3 5%: extrapyra- 
midal syndrome. 3.5%, stroke. 2 1%. dysphagia. 2 1%; injury. 1 4%. suicide 
1 4%. dehydration, 0.7%. glomerulonephritis. 0 7% 


Precautions: General -Caution should de exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmias 

in a study Comparing pergolide mesylate and placebo. patients taking 
pergohde mesylate were found to have significantly more episodes of atria! 
premature contractions (APCs) and sinus tachycardia 

The use of pergotide mesylate in patients on levodopa may Cause andor 
exacerbate preexisting states of contusion and hailucinations (see Warnings) 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving if 
chromcaily as an adjunct to levodopa may precipitate the onset of haliucina- 
tions and contusion: these may occur within a span of several days. Discontin- 
uation ot pergolide should be undertaken gradually whenever possible, even if 
the patient is to remain on levodopa 

The administration af pergolide mesylate to patients receiving levodopa may 
Cause and/or exacerbate preexisting dyskinesia 

Information tor Patients -Patients and their famihes should be informed of 

the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions} and the sk of hypotension (see Warnings) 

Pahents should be advised to notify their physician if they become pregnant 
or intend to become pregnant during therapy 

Patients should be advised to notty ther physician if they are Breast feeding 
an infant 

Laboratory Tests ~No specific laboratory tests are deemed essential for the 
management of patients on Permax Periodic routine evaluation of ali patents 
however, :s appropriate 

Drug interactions —Dopamine antagonists, such as the neuroleptics (phe- 
nothiazines. butyrophenones, thioxanthines) of metoclopramide. ordinarity 
should not be administered concurrently with Permax (a dopamine 
agonist. these agents may diminish the effectiveness af Permax 

Because pergande mesylate is approximately 90% associated with plasma 
proteins. caution should be exercised if pergohde mesylate is Coadmmstered 
with other drugs known to affect protem binding 

Carcmogenesis. Mutagenesis. and Imparment of Fertility ~À two-year 
carcinogenicity study was Conducted in mee using dietary levels of pergotide 
mesylate equivalent to oral doses of 0 6.3 7. and 36 4 mg’kg/day in males ang 
06,44 and 40 8 mgikg'day in females A two-year study in rats was con- 
ducted using dietary levels equivatent to ora! doses of O 04. 0 18. and 0 88 
mg:kgiday in maies and 0 05. 0 28. and 1 42 mg/kg'day in femaies The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlled clinical trials 16 mg 
day equivalent to 0 12 mg/kg/day} 

A low incidence of uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats Endometrial 
sarcomas ware observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen’ progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibiting action of pergotide mesylate The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However. even though there is no knows correlation between uterine 
malignancies occurring in pergolide-treated rodents and human tsk. there are 
no human data to substantiate this conciusion 

Pergolide mesylate was evaiuated for mutagemc potentiat in a battery o? 
tests that included an Ames bacterial mutation assay, a DNA repair assay in 
cultured rat hepatocytes. a point-mutation assay in cultured L5178Y celis. anc 
a determination of chromosome alteration in bone marrow celis of Chinese 
hamsters A weak mutagenic response was noted in the in vitro mammaliar 
cell-pomnt-mutation assay using L5178Y celis only after metabolic actrvatior 
with rat liver microsomes No mutagenic effects were obtained in the two ather 
in vitro assays and in the in vivo assay The relevance ot these findings ta 
humans is unknown 

Afertility study in maie and female mice showed that fertility was maintained 
at 0.6 and 1.7 mg/kg/day but decreased at 5 6 mg/kg/day. Prolactin has been 
reported to be involved in stimulating and maintaining progesterone leveis 
required for implantation in mice and. therefore. the impaired fertility at high 
dose may occur because of depressed prolactin leveis 

Usage in Pregnancy -Pregnancy Category B —Reproduction studies were 
conducted in mice at doses of 5. 16. ane 45 mg/kg/day and in rabbits at doses 
of 2, 6. and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose admimstered in con- 
trolled climcaltriais inthese studies. there was no evidence of harmtothe fetus 
due to pergolide mesylate 
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There are. however. no adequate anc well-controlled studies in aregnant 
women. Among women who received pergolide mesylate for endocrine disor- 
ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major, two Minor): a causal relationship has sot been established Secause 
human data are imited and because anima! reproduction studies are not 
always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. 

Nursing Mothers —It is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergeiide mesylate suggests that it may 
istertere with lactation. Because many drugs are excreted in human milk and 
because of the potential tor serious adverse reactions to pergol-de mesylate in 
nursing infants, a decision shouid be made whether to discontinue nursing or to 
aiscontinue the drug. taking into account the importance of tne drug to the 
mother 

peda Use —Safety and effectiveness in children have not beer estab- 
lished 


Adverse Reactions: Commonly Observed — in premarketing clinical trails, the 
most commonly observed adverse events associated with use at pergolide 
mesylate which were not seen at an equivalent incidence among piacebo- 
treated patients were nervous system complaints. including dyskinesic. hallu- 
cinations, somnolence, insomma, digestive compiamts. including rausea. 
constipation. diarrhea. dyspepsia, and respiratory system complaints. inciud- 
ing runstss 

Associated With Discontinuation of freatment —Twenty-seven percent 
{27%} of approximately 1.200 patients recerving pergolide mesylate for treat- 
ment of Parkinson's disease in premarketing clintcal trials in the US and Canada 
discontinued treatment due to adverse events The events most commonly 
causing discontinuation were related to the nervous system (15.5%). primarily 
hallucinations (7 8%) and confusion (1 8%} 

Fatalities - See Warnings 

incidence in Controlled Clinical Trais ~The table that follows enumerates 
adverse events that occurred at a frequency of 1% of more among patients 
taking pergolide mesylate who participated in the premarketing controiied ctin- 
ical trials comparing pergolide mesylate with placebo. In a doubie-blind. con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
Continued on fevadopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy 

The prescriber shouid be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
in the clinical tnais Similarly. the cited frequencies cannot be compared with 
figures obtained trom other clinical investigations involving different treal- 
ments, uses, andsnvestigators. The cited figures, however, do provide the pre- 
scribing physician with some basis for estmating the relative contribution ot 
drug and nondrug factors to the side-effect incidence rate in tte population 
studied 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placeba-Controtied Clinicat Triat 
Percentage of Patients Reporting Events 


Body System Pergolide Mesytate Placebo 
Adverse Event“ N= 189 N= 187 


Body as a Whole 
Pain 
Abdominal pain 
Injury, accident 
Headache 
Asthenia 
Chest pain 
Fiu syndrome 
Neck pain 
Back pain 
Surgicai procedure 
Chills 
Face edema 
Infection 
Postural hypotension 
Vasoditatation 
Palpitation 
Hypotension 
Syncope 
Hypertension 
Anhythma 
Myocardial infarction 
Oigestive 
Nausea 
Constipation 
Diarrhea 
Dyspepsia 
Anorexia 
Dry mouth 
Vomiting 
Hemic and Lymphatic 
Anemia 14 
Penpheral edema 74 
Edema 16 
Weight gain 16 
Musculoskeleta! 
Asthraigna 16 
Bursitis 16 
11 
4 








nee ee NO OO Be UNANO a 
at OTN i N OO 


ma ma ma DO DI PO t D 
me ma at ot NOD 


=m 


mwaa A 
NEN OD be a MLD 








3 


0 
0 


AN 


Quam 


Myaigia 
Twitching 
Nervous System 
Dyskinesia 624 
Dizziness 191 
Hallucinations 138 
Dystoma 16 
Contusion Wd 
Somnatence 10 
insomnia 7 
Anxiety & 
Tremor 4 
Depression 3 
Abnormal dreams 2 
Personality disorder 4 
1 
4 
1 
1 
1 
1 
1 
1 
1 
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Psychosis 

Abnormal gait 

Akathisia 

Extrapyramidal syndrome 
incoordination 
Paresthesia 

Akinesia 

Hypertonia 

Neutaigia 

Speech disorder 
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incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controfled Clinical Trial 
Percentage of Patients Reporting Events 


Body Systenv Pergolide Mesylate Placebo 
Adverse Event" N= 189 N=187 


Respiratory System 
Rhinitis 12.2 
Dyspnea 48 
16 
ni 








Epistaxis 
Hiccup 
Skis and Appendages 
Rash 3 
Sweating 2 
Special Senses 
Abnormal vision 5. 
Diplapia 2 
Taste perversion 1 
Eye disorder 1 
Urogenitai System 
Urinary frequency 27 
Unnary tract infection 27 
Hematuria t1 


“Events reported by atleast 1% of patients seceiving pergolide mesylate are 
included 





Events Observed During the Premarketing Evaluation of Permax —Tms sec- 
tion reports event frequencies evaluated as et October 1988 tor adverse events 
ocurring in a group of approximately 1.800 patients who took multiple doses ct 
pergolide mesylate The conditions and duration of exposure to pergoly 
mesylate varied greatly. involving well-contriled studies as weil as AHE 
in open and uncontrolled clinical settings. la the absence of appropriate con- 
trots in some of the studies a causa! relationship between these events and 
treatment with pergolice mesylate cannot be determined 

The following enumeration by organ sysiem describes events in terms of 
therr relative frequency of reporting in the data base. Events of major clinica! 
importance are also described in the Warnings and Precautions sections 

The following definitions of frequency are ised: frequent adverse events are 
detined as those occurring in atleast 1/100 patients: infrequent adverse events 
are those occurring in 7/106 to 1/4.000 patients: rare events are those occur 
ring in fewer than 1/1.000 patients. 

Body as a Whole - Frequent: headache, asthenia. accidental injury. abdom- 
inal pain. chest pam. back pain, flu syndrome. neck pain, tever. Infrequent 
facial edema, chilis, enlarged abdomen. malaise, neoplasm, hernia, pelvic 
pain, sepsis. ceilulihs. moniiasis. abscess, jaw pain, hypothermia: Rare acute 
abdominal syndrome. LE syndrome 

Cardiovascular System Frequent: postural hypotension, syncope, hyper- 
tension. palpitations. vasodilatation, congestive heart failure. infrequent. 
myocardial infarction, tachycardia, heart arrest. abnormal electrocardiogram, 
angina pectoris. thrombophlebitis. bradycardia, ventricular extrasystoles 
cerebrovascular accident. ventricular tachySardia, cerebral ischemia. atrial 
fibrillation, varicose vein. pulmonary embolus, AV block. shock 
Rare. vasculitis. pulmonary hypertension, pericarditis, migraine, heart black, 
cerebral hemorrhage 

Digestive System -Frequent nausea. voruting. dyspepsia. diarrhea, con- 
stipation. dry mouth, dysphagia /afrequent fatulence, abnormal liver function 
tests. increased appetite. saivary gland enlargement, thirst, gastroenteritig. 
gastritis, periodontal abscess, intestinal obstruction, nausea and vomiting! 
gingivitis. esophagitis. cholelithiasis. tooth canes, hepatitis, stomach ulcer 
melena. hepatomegaly. hematemesis. eructation, Rare. sialadenitis, peptic 
ulcer, pancreatitis. jaundice, glossitis, fecal continence, duodenitis. colitis, 
cholecystitis. aphthous stomatitis, esophageal ulcer 

Endocrine System ~/afrequent: hypothyroidism, adenoma. diabetes melli- 
tus. ADH inappropriate: Aare: endocnne disorder. thyroid adenoma 

Hemic and Lymphatic System — frequent anemia. infrequent. leukopenia. 
lymphadenopathy, ieukacytosis, thrombocytcpera, petechia, megalabiastic 
anemia. cyanosis, Rare. purpura, lymphocztosis, eosinophilia, thrombo- 
cythemia, acute lymphoblastic leukemia poly-yinemia, splenomegaly 

Metabolic and Nutritional System frequent peripheral edema. weight 
joss, weight gain: Infrequent dehydration. hypokalemia, hypoglycemia uron 
deficiency anemia, hyperglycemia, gout, hypercholesteremia, Rare’ elec- 
trolyte imbalance. cachexia, acidosis. hyperuricemia 

Muscufoskeletal System Frequent: twitcring. myalgia, arthralgia: infre- 
quent: bone pain. tenosynovitis, myositis. bone sarcoma. arthritis, Aare. 
osteoporosis, muscle atrophy. osteomyelitis 

Nervous System - Frequent dyskinesia. dizzmess, hallucinations, contu- 
sion, somnolence, nsomma. dystonia, paresthesia, depression, anxiety, 
tremor. akinesia, extrapyramidal syndrome, abnormal gait, abnormal dreams 
‘coordination. psychosis. personality disorder, nervousness. choreoatheto- 
sis, amnesia, paranoid reaction, abnormal thinking, infrequent: akathisia, neu- 
ropathy. neuralgia. hypertoria, delusion, convulsion, libido increased. 
euphoria. emotional lability. fib:do decreased. vertigo. myoclonus. coma. apa- 
thy. paralysis, neurosis, hyperkinesia, ataxia, acute brain syndrome. torticaihs 
Meningitis. Manic reaction. hypokinesia, hostuity. agitation. hypotonia, Rare 
stupor neuritis, intracranial hypertension, hemiplegia, facial paralysis, bram 
edema. myelitis. hallucinations and contusion after abrupt discontinuation 

Respiratory System — frequent: rhinitis, dyspnea, pneumonia. pharyngitis. 
cough increased. infrequent: apistaxis. hiccup, smusitis, bronchitis. voice, 
alteration, hemoptysis. asthma, lung edema. pleural effusion, taryngitis: 
emphysema, apnea. hyperventilation. Rare: aneumothorax, lung fibrosis. 
farynx edema. hypoxia. hypoventilation. hemothorax. carcinoma of lung 

Skin and Appendages System - Frequent. sweating, tash, Infrequent. skin 
discoloration, pruntus. acne, skin ulcer, alopecia. dry skin. skin carcinoma 
seborrhea. hirsutism. herpes simplex. eczema. fungal dermatitis. herpes 
zoster. Rare: vesiculobullous rash. subcutaneous nodule, skin nodule. skin 
benign neoplasm, fichenord dermatitis 

Special Senses System - Frequent: diplopia infrequent: otitis media, con- 
junctivitis, unnitus. deafness. taste perversion. 2at pain, eye pain, glaucoma 
eye hemorrhage. photophobia, visual field detect: Rare blindness. cataract 
retinal detachment. retinal vascular disorder 

Urogenital System ~ Frequent: urinary tract infection. urinary frequency. 
urinary incontinence. hematuria. dysmenorrhea. fnfrequent: dysuna. breast 
pain. menorrhagia. impotence. cystitis. urmary retention, abortion. vaginal 
hemorrhage. vaginitis. priapism kidney calculus, tbrocystic breast. lactation 
uterine hemarrhage. urolithiasis. salpingitis, pyuma, metrorrhagia, menopause. 
kidney failure. breast carcinoma cervical Carcinema: Aare: amenorrhea. blad- 
der carcinoma. breast engorgement. epididymitis, hypogonadism, leukorrhea. 
nephrosis. pyelonephritis. urethral pain, uricaciduria, withdrawal bleeding 
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Letters to the Editor 





Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal letter 
signed by all authors must accompany this (see “Instructions for Authors”). 


Early Therapy for Parkinson’s Disease 


To the Editor.—We read with interest 
the article by Elizan et al in the January 
issue of the ARCHIVES.’ The authors 
suggest that the early combination of 
selegiline and levodopa initiated at the 
“earliest. clinical expression of the dis- 
ease process” seems a most reasonable 
approach. They base this suggestion on 
their observation that patients receiv- 
ing selegiline alone experience a dra- 
matic improvement in parkinsonian 
score following the addition of levodopa 
(Sinemet). As selegiline alone provides 
little or no symptomatic benefit as mon- 
otherapy in early Parkinsons disease,’ 
it is not surprising that a significant 
symptomatic response was observed 
with the addition of levodopa. As the 
authors point out, it is not known how 
the response to levodopa and selegiline 
“compares with that which could be 
achieved with levodopa alone, a dopa- 
mine agonist alone, or the combination 
of selegiline and a dopamine agonist. 
The rationale for the use of selegiline 
in patients with early Parkinson's dis- 
ease is that it may slow disease progres- 
sion by diminishing the accumulation of 
free radicals associated with the oxida- 
tive metabolism of dopamine.” Howev- 
er, selegiline does not completely pre- 
vent the oxidation of dopamine, which 
may also undergo auto-oxidation or me- 
tabolism by the monoamine oxidase 
type A inhibitor. Therefore, levodopa 
administration, by way of its metabo- 
lism to dopamine, may continue to pro- 
mote free radical production despite 
concurrent selegiline therapy.’ If oxida- 
tion reactions and free radical formation 
are important in the pathogenesis of 
Parkinson's disease, it may be best to 
minimize the cumulative dose of levo- 
dopa employed over the course of the 
disease. This can be accomplished by 
(1) using selegiline therapy to delay the 
need for the symptomatic therapy, 
(2) initiating symptomatic therapy with 
adopamine agonist that does not under- 
go oxidative metabolism, and (3) admin- 
istering levodopa as an adjunct when 
satisfactory symptomatic benefit can- 
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not be obtained with selegiline and a 
dopamine agonist alone. The use of levo- 
dopa as part of combination therapy 
with a dopamine agonist and selegiline 
should permit clinical benefit to be ob- 
tained with a lower dose than if it were 
used alone. This strategy would provide 
symptomatic control while minimizing 
the cumulative levodopa dose and the 
potential for levodopa-induced oxida- 
tive stress. Prospective controlled clini- 
cal trials to evaluate this approach are 
necessary. 
Rosert A. Hauser, MD 
C. Warren Oraxow, MD 
Department of Neurology 
University of South Florida 
Harbour Side Medical Tower 
4 Columbia Dr, Suite 410 
Tampa, FL 33606 

1. Elizan TS, Moros DA, Yahr MD. Early combi- 
nation of selegiline and low-dose levodopa as initial 
symptomatic therapy in Parkinson's disease: expe- 
rience in 26 patients receiving combined therapy 
for 26 months. Arch Neurol. 1991;48:31-34. 

2. Parkinson Study Group. Effect of depreny! on 
the progression of disability in early Parkinson's 
disease. N Engl J Med. 1989;321:1364-1871. 

3. Olanow CW. Oxidation reactions in Parkin- 
son's disease. Neurology. 1990;40:32-37. 


In Reply.—We thank Hauser and 
Olanow for their comments and appreci- 
ate the various therapeutic strategies 
that they propose and which have been 
detailed in a previous publication.’ Since 
their suggestions rely heavily on the 
results of the DATATOP study,” a 
comment on its design and interpreta- 
tion is in order. DATATOP was de- 
signed as a clinical trial to test the in- 
triguing hypothesis (originally 
suggested by Birkmayer et al‘ in 1985) 
that long-term monoamine oxidase type 
B (MAO-B) inhibition with the drug, 
selegiline (L-deprenyl), will provide a 
“protective” effect on nigral degenera- 
tion and slow the progression of Parkin- 
son's disease (PD). To date, this hypoth- 
esis remains unproven. The DATATOP 
results demonstrate an effect. on the 
clinical status of treated patients com- 
pared with untreated control subjects 
receiving no active symptomatic treat- 
ment of any kind. The delay in the need 


for levodopa (the authors’ end point) in 


the selegiline-treated patients com- 
pared with the untreated control sub- 
jects was interpreted by the authors as 
reflecting a delay in the underlying dis- 
ease progression (hence, “protective” 
rather than “symptomatic”). The latter 
interpretation assumes that the ob- 
served effect of the drug has a funda- 
mental causal relationship to the dis- 
ease process, which may or may not, in 
fact, exist. Or, alternatively, the ob- 
served effect was interpreted as prov-. 
ing the hypothesis that generated it in 
the first place. Moreover, it was not 
clear that the design of the study as 
actually performed permitted a distinc- 
tion between “symptomatic” and “pro- 
teetive” explanation for the need for | 
levodopa. 

We had elected to define clinical pro- _ 
gression in de novo cases of Parkinson’s 
disease’ as the emergence of new signs 
and symptoms, and/or the demonstra- 
ble worsening of those previously pres- 
ent, after the start of selegiline mono- 
therapy. We found that selegiline by 
itself failed to avoid either of these and 
that it had only a modest effect as prim- 
ary symptomatic therapy in early PD.’ 
As an adjunet to long-term levodopa 
therapy in the more advanced disease,’ 
a beneficial symptomatic response in a’ 
selected group of patients was ob- 
served, but no effect on disease out- 
come. We have been more inclined to 
view these data as not supporting (al- 
though not necessarily disproving) the 
hypothesis that MAO-B inhibition and 
other therapeutic strategies directed at 
reducing oxidative stress will slow the 
progression of PD. 

One cannot disagree with Hauser and 
Olanow’s recommendation that it is de- 
sirable to limit the daily dose of levo- 
dopa. We have advocated this practice 
for years, but for reasons that are sub- 
stantially different from those that they 





to usage of a large daily dosage of levo- 
dopa required for symptom control. Se- 
legiline allows for reduction of such 
dosage. 

We have long been acutely aware of 
levodopa’s hypothesized potential role 
in the pathogenesis of the disease it- 
_ self,” especially if oxidative reactions 
and free radical formation were, indeed, 
involved in nigral cell death of PD. But, 
in fact, there are no conclusive data sup- 
porting the idea that levodopa, particu- 
larly that derived from an exogenous 
source, induces cell death even in ex- 
perimental systems,*" and, certainly, 
there are no such data in human PD. 
After more than 20 years of levodopa 
use in clinical practice, there is no con- 
vineing evidence in the literature that 
levodopa induces neuronal degenera- 
tion or accelerates the progression of 
PD, even after long-term administra- 
tion of the drug. We do not, therefore, 
share Hauser and Olanow’s concern 
that levodopa will contribute to the pro- 
gression of the parkinsonian process, 
although we agree with them that the 
cumulative dose over time be held to a 
minimum. 

Our article suggests that the early 
combination of selegiline and low-dose 
levodopa is appropriate as initial thera- 
py in PD. The sentence quoted by the 
authors where we recommend the use of 
this regimen “at the earliest clinical ex- 
pression of the disease process” can be 
construed as calling for the use of levo- 
dopa as soon as the diagnosis of PD is 
made. This was not our intent. The deci- 
sion to start definitive therapy is based 
on the judicious evaluation of the indi- 
vidual patient’s unique need for symp- 
tomatic relief, however “early” that 
might be. 

The remarkable symptomatic rever- 
sal of parkinsonism with the addition of 
low-dose levodopa in deteriorating pa- 
tients on selegiline monotherapy for an 
average of 13.8 months,” dramatizes, 
not so much the well-known levodopa 
effect, but the paucity of effect (“symp- 
tomatic” or “protective”) of selegiline 
alone. The trial of early combination of 
low-dose levodopa and selegiline as 
initial therapy that we reported” obvi- 
ously needed to be compared, as we in- 
dicated, with low-dose levodopa alone 
or combined with a dopamine agonist to 
attempt to clarify the role of each drug. 
A manuscript in preparation (“Levo- 
dopa Revisited: Low-Dose Levodopa 
Alone or Combined Early With a Mono- 
amine Oxidase Inhibitor, Selegiline: 
The First 4 Years”) will address the 
question of whether or not the use of 
selegiline does make a difference in al- 
tering the clinical course of parkinson- 
ism as well as avoiding some of the long- 
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term complicated pharmacological 
responses of levodopa. 


T. S. Eras, MD 

D. A. Moros, MD 

M. D. Yaur, MD 

Department of Neurology 

Mount Sinai Medical Center, Box 1137 
One Gustave L. Levy PI 

New York, NY 10029 
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Trends in Parkinson’s Disease 
Mortality in Italy 


To the Editor.—In a recent issue of the 
ARCHIVES, Lilienfeld and colleagues' 
reported notable changes in age-spe- 
cific mortality for Parkinson’s disease 
(PD) during two decades (1962 through 
1982) in the United States. The authors 
observed a decline in PD mortality 
rates among the middle aged and an 
increase in rates in the geriatric age 
group, both in whites and nonwhites 
and in both sexes. They concluded that 
these temporal changes, although pos- 
sibly due to better case ascertainment 
and improved treatment of PD, may 
reflect a true rise in the incidence 


among the elderly, with some implica- 
tion for the pathogenesis of the dis- 
ease. Similar findings have been re- 
ported, but not discussed, by Li and 
colleagues’? in England and Wales. 

We have analyzed the mortality 
rates for PD in Italy in the period from 
1957 through 1981 (International Clas- 
sification of Diseases code 350.0 for the 
period from 1957 through 1966; 342.0 
for the period from 1967 through 1978; 
and 332.0 for the pericd from 1979 
through 1981). These data have been 
published yearly by the Italian Statis- 
tic Bureau, Rome. Only underlying 
causes are available. 

The overall mortality rates, ad- 
justed (for the 1971 Italian popula- 
tion), steadily increased during the 
period examined, both for men (1957 
through 1961, 2.5/100 000 per year; for 
1977 through 1981, 3.5/100000 per 
year) and for women (1957 through 
1961, 2.0/100000 per year; for 1977- 
1981, 3.0/100000 per year) (signifi- 
cance, P < .001). Furthermore, the fol- 
lowing different trend was observed in 
the various age classes: the increase in 
mortality rates was evident among 
subjects older than 75 years of age, but 
a decrease was found among younger 
patients. 

The cases were also analyzed by 
quinquennial birth cohorts: in both 
sexes, a progressive increase in mor- 
tality rates was found from the 1870 
through 1874 cohort, with a maximum 
in the 1900 through 1904 cohort and a 
progressive decline in more recent co- 
horts. Interestingly, Brown and Knox? 
found a similar phenomenon in En- 
gland and Wales during the period 
from 1943 through 1968, with a maxi- 
mum in the 1895 through 1899 cohort. 
We feel that it is hard to ascribe these 
findings to methodological biases 
(such as better case ascertainment or 
modification in PD coding) or to the 
effect of new therapies that could cause 
delayed deaths (levodopa therapy was 
introduced in Italy in the early 1970s, 
while changes in mortality rates have 
been noted since 1960). On the con- 
trary, these trends, observed in differ- 
ent geographical areas, seem to indi- 
cate that some cases of PD may have 
been caused by an environmental fac- 
tor, possibly in the early decades of the 
20th century, that had only a minimal 
or no effect after 1930, It would be use- 
ful to analyze the mortality rates re- 
ported in more recent years to confirm 
or deny the observed effect and also to 
analyze the variations in mortality in 
different geographical areas of the 
same country. Clearly, the definitive 
demonstration of this finding could 
give important support to the hypoth- 
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esis that PD is caused by environmen- 


tal or exogenous factors. 
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A Commentary on Steroid 
Treatment in Multiple Sclerosis 


To the Editor.—A number of studies 
have shown that pulsed therapy with 
high-dose intravenously administered 
methylprednisolone is usually effec- 
tive during multiple sclerosis (MS) re- 
lapses. It has been hypothesized that a 
regimen of repeated pulses of intrave- 
nous methylprednisolone, not re- 
stricted to relapses but given at regu- 
lar intervals during the years of dis- 
ease activity, might be effective in 
preventing progression of the disease. 
It can, however, reliably be predicted 
that under these circumstances the 
frequency of adverse effects will rise 
and, therefore, the importance of as- 
sessing the exact benefits and risks of 
such a regimen has been stressed in a 
number of leading articles’? We re- 
cently performed a small, open, pilot 
study in which monthly pulses of 
methylprednisolone (500 mg intrave- 
nously) were given to patients with 
progressive MS. Ten patients with def- 
inite MS according to the Poser crite- 
ria were selected for the study. During 
the 12 months before entry into the 
study all of the patients had deterio- 
rated at least two steps (ie, one full 
point) on the Kurtzke Expanded Dis- 
ability Status Scale (EDSS). The main 
aim of the study was to investigate the 
safety of this long-term steroid regi- 
men. 

Serum glucose and creatinine con- 
centrations were examined monthly. 
Serum calcium, phosphate, alkaline 
phosphatase, osteocalcin, and par- 
athyroid hormone concentrations, and 
the urinary calcium/creatinine and 
hydroxyproline/creatinine ratios were 
determined every 3 months to study 
bone metabolism. An increase of these 
urinary ratios would be indicative of 
increased bone resorption. Bone min- 
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eral densities were measured quanti- 
tatively in the lumbar vertebral 
column with dual energy X-ray ab- 
sorptiometry and in the radius with 
single photon absorptiometry every 3 
months. Guidelines for the clinical use 
of bone mass measurements have been 
given by Johnston et al.’ Very recently, 
the importance of bone density mea- 
surements in MS trials involving ste- 
roid treatment was stressed by 
Whitham et al. Cortisol response to 
corticotropin was tested every 3 
months to examine adrenal function: 
cortisol levels were measured both be- 
fore and 30 minutes after the intrave- 
nous administration of 0.25 mg of syn- 
thetic 1-24-corticotropin (Synacthen, 
Organon, Holland), and both relative 
and absolute increases were analyzed 
(short corticotropin stimulation test). 
To document the clinical course Kurtz- 
ke’s EDSS was determined monthly. 
After a mean treatment duration of 
9 months there were no signs of 
cushingoid appearance, behavioral 
changes, or hypertension in any of the 
patients. Two patients had to be 
treated with antibiotics for lower uri- 
nary tract infections; no serious infec- 
tions occurred. The treatment was tol- 
erated well, although seven of 10 pa- 
tients suffered from insomnia the 
night after the infusion. All laboratory 
parameters are given in the Table. It is 
clear that no clinically significant 
changes were found during the course 
of the treatment. There was no loss of 
bone mass (as documented by dual en- 
ergy X-ray absorptiometry and single 
photon absorptiometry), there were no 
changes in bone metabolism (as docu- 
mented by serum calcium, phosphate, 


alkaline phosphatase, osteocalcin, and 
parathyroid hormone concentrations 
and 24-hour urine calcium/creatinine 
and hydroxyproline/creatinine ra- 
tios), and there was no indication of 
any suppression of adrenal function 
(as documented by the short corti- 
cotropin stimulation test). The mean 
Kurtzke EDSS was 5.8 at entry and 5.5, 
5.9, and 6.2 after 3, 6, and 9 months of 
treatment, respectively, resulting in a 
mean increase of 0.4 after 9 months 
(mean increase in the corresponding 
period before treatment 0.9). 

Our data convincingly demonstrate 
that our treatment regimen (monthly 
infusions of 500 mg of methylpred- 
nisolone) can be administered in MS 
patients without side effects for at 
least 9 months. The findings on the 
complete absence of any change in 
bone mineral density measurements 
after this treatment duration are of 
special significance. It has previously 
been indicated that corticoid-induced 
loss of bone mass occurs predomi- 
nantly within the first 5 to 7 months of 
treatment, whereas during the subse- 
quent stages only minor changes can 
be observed. Evaluating the same pa- 
rameters as we did, several groups 
have demonstrated the occurrence of a 
bone loss of about 10% due to conven- 
tional oral dosing steroid regimens 
with cumulative dosage and treatment 
duration being comparable to ours (for 
review see Lukert and Raisz’). The ab- 
sence of adrenal insufficiency in our 
patients is also remarkable since in 
other studies it was found that con- 
ventional regimens of prednisone with 
a cumulative dosage comparable to 
ours can lead to suppression of adrenal 


Mean Laboratory Parameters Obtained Before and During the Treatment’ 


Months 


Before Entry 








Serum 
Glucose, mmol/L 4.8 





Creatinine, nmol/L 82 





Alkaline phosphatase, U/L 60 





Calcium, mmol/L 





Phosphate, mmol/L 





Osteocalcin, pg/L 





Parathyroid hormone, pmol/L 








Corticotropin test 
Relative increase, % 








Absolute increase, nmoi/L 


24-Hour Urine 


Hp/Cr ratio, umol/mmol 29.0 





Ca/Cr ratio, mmoi/mmol 0.47 


Bone Mineral Density 


Lumbar vertebrae, g/cm? (DEXA) 0.92 


0.92 





Radius, mg/cm? (SPA) 574 


562 





oa Hp/Cr ratio indicates hydroxyproline / creatinine ratio; Ca/Cr ratio, calcium / creatinine ratio: DEXA, dual en- 
ergy X-ray absorptiometry; and SPA, single photon absorptiometry. 


LetterstotheEditor 1011 


function after only 2 to 3 weeks.®” 
Based on our findings, a large con- 

trolled study can be justified to evalu- 
ate the efficacy of this regimen of 
repeated pulses of intravenous meth- 
ylprednisolone in the treatment of MS, 
either in the prevention of relapses or 
in preventing progression of the dis- 
ease. 
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Epidural Steroids Are Safe and 
Effective When Given Appropriately 


To the Editor.—We read with interest 
Nelson’s' most recent attack on the use 
of intraspinal steroids. It appears that 
Nelson is continuing his relentless cru- 
sade to banish the use of epidural ste- 
roids, a crusade based, as usual, more 
on an emotional than on a scientific 
basis. 

Initially it appears that the 19 refer- 
ences in his letter to the editor’ would 
strongly support his viewpoint. Howev- 
er, on closer evaluation, one realizes 
that 14 of those 19 references are Nel- 
son’s articles, many of which are simply 
letters to the editor or lectures to others 
rehashing the same material. 

The majority of the references dis- 
counting the use of intraspinal steroids 
address the intrathecal use. In addition, 
most of the complications encountered 
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by Nelson, or quoted by him, occurred 
in patients with another significant neu- 
rologic disease process, ie, multiple 
sclerosis. And, when Nelson refers to 
Bernat’s article’ regarding a complica- 
tion from intrathecal administration, he 
fails to mention the fact that this case 
was a subdural rather than subarach- 
noid injection, and he fails to refer to 
Bernat’s later review article’ when he 
emphasizes that the epidural route ap- 
pears to be relatively safe. 

It is significant to note that in Nel- 
son's letter he refers to 60 Minutes Aus- 
tralia and A Current Affair Australia. 
Although we are sure that these are 
interesting programs for public con- 
sumption, they would hardly qualify as 
reputable scientific references. He goes 
on to state that Upjohn altered its pack- 
age insert in this country in 1989 to warn 
against epidural injections of Depo-Me- 
drol, but on close examination of the 
most recent package insert, we can find 
no such warning. 

Most anesthesiologists who adminis- 
ter epidural steroids agree that it is in- 
advisable to inject the steroid intrathe- 
cally, although even this is based more 
on medicolegal than on medical 
grounds. However, when administered 
appropriately, epidural steroid injec- 
tions have an excellent safety record. In 
our clinic, Brooke Army Medical Cen- 
ter, Fort Sam Houston, Tex, we have 
administered over 5000 epidural steroid 
injections over the last 10 years without 
a single known case of arachnoiditis. 
Others* have reported a similar safety 
record. 

Obviously, there are risks associated 
with any invasive procedure; and while 
complications are rare, Nelson has out- 
lined those that have been reported 
very well. However, in medicine we 
must weigh the risks of any treatment 
against the benefits and compare that 
risk-benefit ratio with the alternatives; 
the alternatives to epidural steroids in- 
clude bedrest, physical therapy, chronic 
drugadministration, and surgery, and 
in many instances these alternatives 
carry even a greater risk than epidural 
steroids and may, in addition, lead to 
further cost and loss of income. 

Although we are unaware of how and 
to whom epidural steroids are adminis- 
tered in Australia, in this country we 
hear only a “ground swell” of patient 
appreciation for the relief obtained from 
our patients. When administered with 
proper expertise, with appropriate pa- 
tient selection, with the proper dosage 
and when the injections are limited in 
number, we believe that the adminis- 
tration of epidural steroids will continue 
to be a safe and effective therapy for 
certain neurologic derangements. All of 


the above criteria are well outlined by 
Benzon” in his review article. We fur- 
ther believe that it is time for Nelson to 
stop beating a dead horse; if he contin- 
ues and if we allow him to create the 
hysteria in the professional press simi- 
lar to that generated in Australia in the 
lay press, we will only deprive our pa- 
tients of a very important therapeutic 
modality. 


The opinions or assertions contained herein are 
the private views of the authors and are not to be 
construed as reflecting the views of the Depart- 
ment of the Army or the Department of Defense. 
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In Reply.—Controversy concerning 
the intraspinal use of methylpredniso- 
lone acetate (Depo-Medrol, Upjohn Co, 
Kalamazoo, Mich) began in 1970, natu- 
rally leading to a number of editors’ invi- 
tations (as here) for me to reply to ad- 
verse opinions. 

The manufacturer issued its first 
warning concerning epidural use in the 
United States in October 1989 and in 
Australia in November 1990. Because 
the drug has a 36-month shelf life, 
Strong et al may not have yet seen the 
new package-insert pamphlet, and the 


Letters to the Editor 


2g 


Upjohn Company plans no general 
“Dear Doctor” letter. Six months after 
the warning against epidural use in the 
United States was first printed, I was 
notified that about 150 patients in West- 
ern Australia claimed complications 
from epidural steroid therapy.’ Why 
such a large number of patients in 
one Australian state spontaneously re- 
ported their symptoms without media 
induction or medical publications is un- 
known. Contrary to Strong et al, I be- 
lieve that serious complications from in- 
trathecal steroid therapy bear directly 
on potential dangers from epidural in- 
jections. Second, I believe that animal 
research has been inadequate. Two pre- 
vious publications'” summarized scien- 
tific conflicts attendant to intrathecal 
steroid therapy that began in 1960 and 
concerning epidural therapy that began 
around 1975. Thousands of intrathecal 
injections were given over the last 
30 years in attempts to treat low back 
pain, disk disease, the failed back syn- 
drome, as well as multiple sclerosis.** 
By far, the drug has been prescribed 
most frequently for nondescript back 
pain and sciatica, a 1960 regimen using 
methylprednisolone acetate, intro- 
duced by Sehgal and Gardner” and 
Sehgal et al,** 

The steroid compound known to be 
neurotoxic contains approximately 
30 mg of polyethylene glycol per millili- 
ter. ”"™ Prior to human trials, Sehgal and 
colleagues” published no original ani- 
mal research in which the above steroid 
compound was used, referring instead 
to works done by others who studied 
cortisone or hydrocortisone injected in- 
trathecally. No subhuman primates 
have ever been tested. After numerous 
neurological complications were report- 
ed, the Upjohn Company issued their 
first warnings against intrathecal use in 
1979 and 1980. Simultaneously, similar 
disturbing findings were published by 
three different groups of neuroradiolo- 
gists” who together reported the oc- 
currence of almost 100% arachnoiditis in 
86 patients, even from a single small 
intrathecal dose of methylprednisolone 
acetate. Most neuroscientists there- 
after abandoned its use, but anesthesi- 
ologists were already publishing that 
epidural therapy was safe and effective. 
An often quoted 1972 review article by 
Winnie et al” mentioned the safety of 
intraspinal steroid therapy by referenc- 
ing the earlier work by Sehgal et al,” 
who—as explained above—apparently 
never did animal research using methyl- 
prednisolone acetate. Apparently rely- 
ing on those previous reports, Winnie et 
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al” (as did Sehgal and Gardner” and 
Sehgal et al”) only referred back to ani- 
mal experiments done in 1955 by others 
who used cortisone and hydrocorti- 
sone—never methylprednisolone ace- 
tate. 

In 1980, Delaney et al* reported that 
triamcinolone acetate, administered to 
only 10 cats, was safe when given epi- 
durally. However, I note that animals 
given the vehicle alone demonstrated 
more meningeal changes. It was sur- 
prising to me that not until 1990 was 
methylprednisolone acetate finally 
tested on 12 rabbits by Cicala et al” who 
killed the animals on days 4 through 10 
and reported no meningeal changes. 
This short-term research on such a mi- 
nuscule series of small animals is inade- 
quate to reassure human safety. Stud- 
ies on large subhuman primates are 
obviously needed. 

How often do epidural injections re- 
sult in inadvertent spinal taps (thus vir- 
tually guaranteeing arachnoiditis)? Spi- 
nal fluid is obtained in 0.5% to 2.5% of 
routine epidural procedures.” Anesthe- 
siology trainees have unsuccessful 
placements in 5%.” An experienced op- 
erator treating patients with spinal dis- 
ease was unsuccessful in 6%.” Patients 
in pain clinics present technical prob- 
lems to the operator because the “failed 
back” offers cicatricial obstructions to 
epidural catheters, resulting in inadver- 
tent spinal taps. Even subdural place- 
ments can result in serious com- 
plications. 

I respectfully request Strong et al to 
again read my last letter to the editor in 
the ARCHIVES' to which they object. 
Beginning at sentence 12, I described 
studies by Bernat et al and Bernat”! 
correctly when I wrote that a “second 
sac” was formed from an inadvertent 
subdural injection that spread intracra- 
nially. There will soon be a strong move- 
ment to abandon epidural therapy with 
methylprednisone acetate based on just 
published study by Johnson et al” from 
Australia, Following up on the original 
1984 study by Roche” (in which he re- 
ported on radiographically proven 
arachnoiditis from intrathecal and epi- 
dural steroids), the new review dis- 
closed that 20% went on to develop clini- 
eal signs and symptoms. Finally, the 
recent new edition of Anesthesia,” ed- 
ited by Miller, summarized the present 
uncertain status of epidural steroid 
therapy by stating that such therapy is 
frequently ineffective for the “failed 
back” and by concluding, “Although this 
therapy is widely used and epidural ad- 
ministration seems relatively safe, use 


of steroids in a polyethylene glycol vehi- 
cle is probably not advisable.” 


Dewey A. Netsox, MD 
48 Omega Dr 
Newark, DE 19713 
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Clinical Correlates of White-Matter Changes on 
Magnetic Resonance Imaging Scans of the Brain 


Thomas R. Mirsen, MD; Donald H. Lee, DM; Cindy J. Wong, MSe; 


J. Fernando Diaz, MD; Allan J. Fox, MD; 


Vladimir C. Hachinski, MD, DSe(Med); Harold Merskey, DM 


è We report our observations on the clini- 
cal and radiologic correlates of changes in 
cerebral white matter based on 94 subjects 
undergoing magnetic resonance imaging in 
a prospective study of dementia. Periventri- 
cular hyperintensity occurred twice as often 
in patients with Alzheimer’s disease as in 
healthy contro! subjects. Within the control 
group, the presence of periventricular hyper- 
intensity correlated significantly with one 
measure of cerebral atrophy and with the 
presence of changes in the adjoining deep 
white matter. The significance of white-mat- 
ter changes distinct from the ventricles 
(ieuko-araiosis) remains unsettled. Leuko- 
araiosis on the magnetic resonance imaging 
scan, unlike its correlate on the computed 
tomographic scan, was not shown to relate 
to cognitive decline or to the presence of 
focal abnormalities on neurologic examina- 
tion. This is likely to reflect the heterogeneity 
of the changes detected with magnetic reso- 
nance imaging and their limited extent in our 
subjects. 

(Arch Neurol. 1991;48:1015-1021) 


Vi 2eretic resonance imaging (MRI) 
permits the identification of subtle 
changes in the white matter of the 
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brain.” Various investigators have re- 
ported a high prevalence of white-mat- 
ter changes on T,-weighted images,**“"" 
especially in subjects with cerebrovas- 
cular disease.’**’"* We distinguish be- 
tween periventricular hyperintensity 
(PVH) (Fig 1) and changes distant from 
the ventricles (Fig 2), or leuko-araiosis 
(L-A),"" 


SIGNIFICANCE OF L-A AND PVH 


Leuko-araiosis appears infrequently 
on MRI scans*** in young subjects and 
occurs more commonly*” with age. It 
may appear often“ and may be exten- 
sive’ in Alzheimer’s disease (AD).*" 
However, our interpretation of the data 
of Erkinjuntti et al? suggests that se- 
vere changes are rare. Computed tomo- 
graphic studies” reveal an association 
between similar lucencies and AD. No 
link exists between L-A on MRI scans 
and cognitive dysfunction, whether in 
AD,""" among healthy control sub- 
jects,“ in multi-infarct dementia 
(MID),” or in unselected subjects.’ This 
contrasts with the relationship demon- 
strated between mental decline and 
L-A on CT scans.” Gait disturbance 
does relate to L-A on MRI scans of 
healthy subjects,“ as previously shown 
for CT changes.” Leuko-araiosis ap- 
pears on MRI scans in 64%” to 100%" 
of subjects with MID. Its effect on this 
condition remains unknown. 

Periventricular hyperintensity is 
more prevalent than L-A in older” 
and possibly in younger" subjects. Its 
frequency casts doubt on its impor- 
tance. The reported percentage of pa- 
tients with AD who exhibit PVH varies 
from 44% to 100%."°"” One study” 
noted PVH in 71% of patients with 
MID, and other studies” noted PVH in 
100% of patients with MID. 


The incomplete knowledge regarding 
these white-matter changes results in 
part from variations among the existing 
studies.* Some rest primarily on preex- 
isting radiologic data™’*""*"" or on- 
pathologie findings.* The clinical 
information presented may be retro- 
spective.”’*" Given studies involve un- 
selected subjects'*"""; certain stud- 
ies’ involve modest numbers. Some 
investigators’ "==! report the preva- 
lence of white-matter changes in vari- 
ous diagnostic groups; other investiga- 
tors? also delineate their extent. Most of 
these latter investigatorpg™ 57749408 
address the effect of these lesions on 
cognition. Many reports?" Saaw jn. 
clude a neuropsychologic evaluation; 
some’ rely on screening tools. Other 
studies**’**" primarily examine the 
relationship between vascular risk fac- 
tors and  white-matter changes. 
Few“ attend to focal neurologic 
findings. Other studies deal with the 
correlation between T,” and T,” mea- 
surements in the white matter and 
dementia. 

No study has determined with cer- 
tainty the contribution of white-matter 
changes seen on MRI scans to the sever- - 
ity of AD or MID. Bowen et al” stated 
that patients with AD exhibit more ex- 
tensive L-A than do control subjects. 
However, Leys et al” found no effect of 
L-A or PVH on cognition in AD. Other 
studies”” examined the effect of L-A 
and of PVH on cognition in cohorts of 
subjects with diverse diagnoses. Many 
studies have provided instructive infor- 
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Fig 1.—Periventricular hyperintensity on a proton-density magnetic Fig 2 


resonance imaging scan. 


mation, but it is difficult to control the 
numerous factors that influence the 
data, 

Previous reports’ ` from a large 
prospective study of dementia have ex- 
amined the prevalence, clinical mean- 
ing, and probable cause of white-matter 
lucencies on CT scans. The acquisition 
of an MRI scanner and the presence of a 
pool of patients and control subjects 
who were examined systematically has 
made possible similar analyses based on 
MRI findings. 


PATIENTS AND METHODS 





The Dementia Study of the University of 
Western Ontario, London, which began in 
1978, involves prospective clinical and radio- 
logic examination of healthy volunteers and 
patients referred for the investigation of de- 
mentia. Participants in the study underwent 
standardized evaluation, performed from 
July 1985 to July 1986 by one physician 
(F.D.) and for the next 3 years by one 
neurologist (T.R.M.), confirmed in both 
cases by another neurologist (V.C.H.). Lab- 
oratory studies included a complete blood 
count; determinations of serum glucose, elec- 
trolyte, urea, creatinine, vitamin B, and 
folate levels; a liver profile; measure ments of 
thyroid functions (including thyroid-stinnu- 
lating hormone); and VDRL testing. Sub- 
jeets initially underwent CT of the head. 
Magnetic resonance imaging scans have been 
obtained since November 1986, and electro- 
encephalograms are obtained yearly. All 
testable subjects undergo psychometry at 6- 
month intervals, with the Extended Seale for 
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scan, 


Dementia (ESD)," with a sensitivity of 89% 
and a specificity of 96% in the identification of 
dementia.” 

The physicians apply the Diagnostic and 
Statistical Manual of Mental Disorders, 
Third Edition, eriteria” in diagnosis and use 
the Ischemic Score” to distinguish among 
AD, “mixed” dementia, and MID. Our diag- 
nosis of AD has a sensitivity of 87% and a 
specificity of 78%.” 

Magnetic resonance imaging scans were 
obtained with a 1.5-T unit (Signa, General 
Electric, Milwaukee, Wis). They were origi- 
nally obtained as follows: in the sagittal 
plane, with a 24-em field of view (FOV), a 
repetition time (TR) of 500 milliseconds and 
an echo time (TE) of 20 milliseconds, taking 
5-mm sections | mm apart. Axial cuts in- 
volved a 20- to 24-em FOV, a TR of 2060 
milliseconds and TEs of 35 and 70 millisec- 
onds, taking 5-mm sections with 2.5-mm 
gaps. Coronal cuts involved a 16-cm FOV, a 
TR of 2000 milliseconds, and TEs of 20, 40, 
60, and 80 milliseconds, as well as a TR of 600 
milliseconds and a TE of 20 milliseconds, tak- 
ing 3-mm sections 3 mm apart. 

Later, the sagittal TRs were changed to 
400 milliseconds, and axial cuts were per- 
formed with a 20-cm FOV, a TR of 2500 
milliseconds, and TEs of 30 and 70 millisec- 
onds, with flow compensation and 5-mm con- 
tiguous sections. The coronal cuts involved a 
20-em FOV, a TR of 500 milliseconds, and a 
TE of 20 milliseconds, with a 5-mm section 
thickness. 

Two  neuroradiologists (A..F. and 
D.H.L.) independently analy: the MRI 
scans obtained for the Dementia Study be- 
tween November 1986 and May 1988, with- 
out knowledge of clinical diagnoses, for the 





























—~Leuko-araiosis on a T,-weighted magnetic resonance imaging 


presence of L-A, PVH, sulcal widening, ven- 
tricular dilatation, and infarction. Periven- 
tricular hyperintensity (Fig 1) refers to areas 
of heightened intensity at the margins of the 
lateral ventricles. We distinguish between 
PVH and L-A because some PVH may ap- 
pear normall, “ while L-A may represent 
infi retion™ = or demyelination and glio- 
sis.“ Periventricular hyperintensity was 
classified as absent or present in each hemi- 
sphere separately 














z; more elaborate classifica- 
tion proved unreliable because of discor- 
dance between observations made on coronal 
and axial sections. Most work has relied on 
è? Where other cuts were tak- 
en, D assessments of severity appar- 
ently rested primarily on the : aS ial cuts, al- 
though not in some instances, “"” We deemed 
small areas of hyperintensity at the frontal or 
ae horns of the lateral ventricles as 
normal.” Leuko-araiosis was rated in each 
hemisphere according to the number and s 
verity of lesions. Absence of lesions received 
a grade of 0, one or two focal lesions received 
a grade of 1, three to five lesions received a 
grade of 2, and more than five lesions re- 
ceived a grade of 3; confluent lesions received 
a grade of 4. Whether the changes were rela- 
tively superficial (‘subcortical’), “deep” 
(within 2 mm of the ventricular border but 
separated by a strip of Mest Leia 
brain), or both was also noted. Ifthe radiolo- 
gists disagreed, they reviewed the appropri- 
ate film together. They agreed initially about 
the presence of L-A in 88% of cases, about its 
extent in 56% of cases, and about the site 
involved in 71% of cases; they agreed as to 

























‘Referer ences 6, 10, 13, 17, 18, 20, 32, 37, 40, 
44, 47. 
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the presence of PVH in 76% of instances. 
These data refer to the right hemisphere; the 
left hemisphere yielded comparable results. 
Suleal widening, scored from 0 to 5 on a 
severity scale, was examined in five zones on 
either side: sylvian and retrosylvian areas, 
the high and low convexities, and the perime- 
sencephalie cistern. The mean of all the val- 
. ues provided the sulcus widening score. 
“ Ventricular dilatation likewise received a 
score between O and 5, It was assessed in two 
parts of the lateral ventricles—the temporal 
horns and the bodies together with the fron- 
tal horns—as well as in the third and fourth 
ventricles. 


SUBJECTS AND METHODS 


We reviewed information concerning 102 
subjects from the Dementia Study who un- 
derwent MRI scanning between November 
1986 and August 1988. Eight subjects were 
excluded because of doubt as to the presence 
or type of dementia. The remaining 94 sub- 
jects included 44 subjects suffering from de- 
mentia and 24 control subjects who under- 
went full investigation in the study within 2 
years of MRI scanning. The remaining 26 
subjects were control subjects examined be- 
fore the introduction of a standardized neuro- 
logic evaluation form. However, their ESD 
scores remained in the normal range (>220) 
when they returned for MRI scanning, 

We determined the prevalence of PVH and 
L-A, whether deep, subcortical, or both, and 
the severity of L-A in the various diagnostic 
groups (AD, mixed dementia, MID, and 
healthy control subjects). We assessed the 
relationship between PVH and age or sex 
among our subjects. We determined wheth- 
er the presence of PVH or of either type of 
L-A bore a relation to the presence of atro- 
phy, as measured by the suleus widening 
score and by lateral ventricular enlarge- 
ment. Lastly, we analyzed whether PVH and 
either variety of L-A appeared together, In 
all instances, the two hemispheres were as- 
sessed separately. All analyses, except for 
the last, were conducted with both the inclu- 
sion and exclusion of subjects with radiologi- 
cally defined infarcts. Periventricular hyper- 
intensity could not be assessed in three and 
L-A in two of the 94 scans because of poor 
image quality. 

The effects of PVH and both types of L-A 
on the ESD score were assessed among 28 
patients with AD and 39 control subjects 
independently. These were the persons with 
these diagnoses among the 81 of the original 
94 subjects who had undergone psychomet- 
rie evaluation within 6 months of MRI sean- 
ning. The radiologic findings were judged 
separately in each hemisphere. 

To determine whether the presence of any 
focal neurologic finding correlated with the 
presence of PVH or of a type of L-A, we 
selected a further subset of 50 subjects. 
These subjects were those whose neurologic 
examinations were performed within 1 year 
of the MRI scanning. From these 50 sub- 
jects, we excluded four with MID, two with 
mixed dementia, and one with an uncertain 
diagnosis. This left 43 subjects remaining: 20 
with AD, five with mixed dementia, and 18 
healthy control subjects. The 43 subjects in- 
cluded those persons with mixed dementia 
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according to the Ischemic Score but no evi- 
dence of cerebral infarction, as well as three 
AD patients and two control subjects with 
infarets seen on the MRI sean. Exclusion of 
such persons would, by eliminating subjects 
with focal neurologic signs, reduce the 
chances of detecting an association between 
such signs and white-matter changes. We 
also kept the patients with mixed dementia in 
the analysis because they may have suffered 
from AD. Our diagnostic criteria maximize 
the purity of the AD group, so that some 
patients who prove to have AD on pathologic 
examination are classified clinically as hav- 
ing mixed dementia.” 

The findings assessed appear in Table 1. 
Some were excluded from further consider- 
ation because they occurred in less than 5% of 
subjects. Most were compared with radiolog- 
ie findings in the contralateral hemisphere, 
but some (dyspraxia, dysarthria, and primi- 
tive reflexes) were compared with findings 
on either side. 


STATISTICAL ANALYSIS 


Pearson correlation coefficients and y’ val- 
ues were calculated as indicated between 
PVH or L-A and relevant variables. Fisher's 
Exact Test was used when cell sizes were 
small. The association between the severity 
of L-A and the presence of other characteris- 
tics, such as PVH, was examined with Ken- 
dalls + statistic, The atrophy measures and 
the ESD score were compared with the Stu- 
dent f test. Partial correlations were comput- 
ed to examine the prevalence of PVH in con- 
trol and AD groups while controlling for age 
and sex. All P values are based on two-tailed 
tests. 


RESULTS 


The 94 study subjects included 30 pa- 
tients with AD, nine with mixed demen- 
tia, and four with MID, 50 control sub- 
jects, and a man suspected to have 
encephalitis. The controls included 23 
men and 27 women (mean [SD] age, 70.1 
[9.7] years), six of whom exhibited small 
cerebral infarcts on the MRI sean. The 
demented subjects included 23 men and 
21 women (mean [SD] age, 72.2 [7.8] 
years). The patients with AD included 
13 men and 17 women (mean [SD] age, 
72.8 [6.9] years), three of whom exhibit- 
ed cerebral infarcts on the MRI scan. 
The subjects with mixed dementia in- 
cluded five men and four women (mean 
[SD] age, 70.7 [11.0] years). The pa- 
tients with MID included four men 
(mean [SD] age, 69.9 [8.0] years). 

Both PVH and L-A appeared to the 
same extent in the two hemispheres. 
Data are given only for the right side, 
except where a difference between 
hemispheres requires mention. On 
three scans, PVH could not be inter- 
preted. Thus, it appeared in the right 
hemisphere in 18 (64%) of 28 patients 
with AD, in three of eight patients with 
mixed dementia, and in three of four 
patients with MID, as well as in 15 (30%) 





Table 1.—Prevalence of Focal 
Neurologic Findings Among 43 
Subjects With Recent Neurologic 
Examinations 










Findings % ot Subjects 




















































Dysarthria 5 
Dysphasia 21 
Dyspraxia 21 
Hemianopsia 
Right 2 
Lett 0 
Facial power 
Right 7 
Left § 
Spastic tone 
Right 5 
Left 5 
Reflex abnormalities 
Right 37 
Left 28 
Right-left confusion 5 
Primitive reflexes 
Glabellar 28 
Suck 14 
Snout 33 
Rooting 5 
Palmomental 
Right 40 
Left 37 
Limb weakness 
Right 7 
Left 10 
Cerebellar dysfunction 5 
Abnormal gait 26 
Sensory abnormality 26 
Extinction 
Right 0 
Lett 0 
Finger agnosia 5 
Pollicomental 
Right 30 
Lett 28 
Grasp 
Right 9 
Left 9 
Labioauricular 
Right 0 
Left is) 
Extensor plantar response 
Right 2 
Left 2 






of the 50 control subjects. When sub- 
jects with infarcts seen on MRI scans 
were excluded, the prevalence for the 
right hemisphere in the AD group- 
changed from 64% to 60% and in the 
controls from 30% to 31%. Whether sub- 
jects with infarcts are included or ex- 
cluded, the difference in prevalence be- 
tween the two groups is significant O“, 
P=.003 and P=.019, respectively), 
This remains the case after controlling 
for age and sex (P= .006, if cases with 
infarcts are included; P= .024, if cases 
with infarcts are excluded). Examina- 
tion of the prevalence of PVH in the left 
hemisphere, while controlling for age 
and sex, yields parallel results 
(P= .019, including cases with infarcts) 
and approaches statistical significance if 
cases with infarcts are excluded 
(P = .066). 

Leuko-araiosis in the right hemi- 
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sphere occurred in 27 (93%) of 29 pa- 
tients with AD, in seven of eight pa- 
tients with mixed dementia, and in all 
four patients with MID, as well as in 48 
(96%) of the 50 control subjects. Leuko- 
araiosis could not be read on two scans. 
If subjects with cerebral infarcts were 
excluded, the prevalences in the AD and 
control groups changed little—to 92% 
and 96%, respectively. The severity of 
L-A does not correlate significantly 
with specific diagnoses; the data shown 
in Table 2 include subjects with radio- 
logic infarcts. Exclusion of these sub- 
jeets produces no significant change 
(data not shown). 

Deep white-matter changes in the 
right hemisphere characterized 21 
(72%) of the 29 patients with AD, six of 
eight patients with mixed dementia, 
and three of four patients with MID, as 
well as 28 (56%) of the 50 control sub- 
jects. If subjects with infarcts were ex- 
cluded, the prevalence declined to 69% 
in the AD group and to 53% among the 
controls. No significant difference 
emerges between groups. 

Subcortical L-A in the right hemi- 
sphere appeared in 25 (86%) of 29 pa- 
tients with AD, in six of eight patients 
with mixed dementia, and in all four 
patients with MID, as well as in 47 (94%) 
of the 50 control subjects. Exclusion of 
subjects with infarcts yielded a preva- 
lence of 85% in the AD group and of 93% 
in control subjects. The prevalence of 
subcortical L-A did not differ notably by 
diagnosis. 

The presence of PVH in one hemi- 
sphere bears no link, neither in control 
subjects nor in patients with AD, to the 
presence of L-A as a whole or to the 
presence of subcortical L-A in the same 
hemisphere. Among control subjects, 
however, deep white-matter changes 
are associated with PVH (Table 3). A 
similar trend exists (P=.194) among 
patients with AD (Table 4). (Both Ta- 
bles 3 and 4 refer to data from the right 
hemisphere. ) 

Control subjects with PVH display 
greater lateral ventricular dilatation 
(1.79 + .99 [n= 14]) than do those with- 
out PVH (1.03 +.69 [n =31]) (P =.008). 
Patients with AD exhibit relatively 
more such dilatation than do controls, 
and patients with AD with PVH exhibit 
no more dilatation (1.93 +.88 [n= 15) 
than do those AD patients without PVH 
(2.00 + .71 [n= 10]). These values repre- 
sent lateral ventricular dilatation scores 
from the right hemisphere derived from 
subjects without cerebral infarcts and 
resemble scores from the left side. The 
mean sulcus widening score did not dif- 
fer significantly between the cohorts 
with or without PVH, either in control 
subjects or in patients with AD. 
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Table 2.—Distribution of 
Leuko-araiosis (L-A) Scores by 
Diagnosis * 















LA Mixed 
Score AD Control Dementia MID 
0 2 (7) 2 (4) 103) 0 (0) 
1 3(10) 10(20) 1(13) 0 (0) 
2 5 (17) 12 (24) o (0) 1 (25) 
3 8(28) 16(31) 9 (0) 1 (25) 
4 11 (38) 11(22) 6(75) 2 (50) 


Total 29 (100) 50(100) 8(100) 4 (100) 


* AD indicates Alzheimer's disease; MID, multi-inf- 
arct dementia. Values are number (percent). 


Table 4.—Prevalence of Deep 
White-Matter Changes and 
Periventricular Hyperintensity (PVH) 
Among Patients With AD Without 
Infarcts Seen on MRI Scans * 


Deep White-Matter 





Changes 
poraamaan oeaan, 

PVH Absent Present Totals 
Absent 5 (20) (20) 10 (40) 
Present 3 (12) 12 (48) 15 (60) 
Totals 

(P = .194) 8 (32) 17 (68) 25 (100) 








* MRI indicates magnetic resonance imaging: AD. 
Alzheimer's disease. Values are number (percent). 


Neither in the control group nor in the 
AD group was there a link between L-A 
or either of its subcategories (deep and 
subcortical) and either of the two mea- 
sures of atrophy (lateral ventricular di- 
latation and sulcus widening score). 

Eighty-one subjects had ESD deter- 
minations within 6 months of MRI scan- 
ning (41 men and 40 women; mean [SD] 
age, 72.6 [6.9] years). They included 39 
control subjects (20 men and 19 women; 
mean [SD] age, 73.2 [5.8] years) and 28 
patients with AD (11 men and 17 wom- 
en; mean [SD] age, 72.7 [7.0] years). 
The mean ESD scores for the diagnostic 
groups appear in Table 5. Subjects with 
infarcts seen on MRI scans were includ- 
ed. The mean values for the AD and 
control groups differed significantly, as 
expected, Exclusion of the three control 
subjects and two patients with AD with 
infarcts seen on MRI scans did not alter 
the results (data not shown). 

Comparisons of the effect of the pres- 
ence of PVH and of L-A—whether 
deep, subcortical, or both—on the mean 
ESD score failed to show any correla- 
tion within the AD or control groups. 
However, there existed a trend 
(P= .097, right hemisphere; P=.176, 
left hemisphere) for the ESD score to be 
lower among subjects with PVH than 
among those without it if control sub- 
jects and patients with AD were ana- 











Table 3.—Prevalence of Deep 
White-Matter Changes and 
Periventricular Hyperintensity (PVH) 
Among Control Subjects Without 
infarcts Seen on MRI Scans* 


Deep White-Matter 














Changes 
nec el eea, 

PVH Absent Present Totals 
Absent 19 (42) 12(27) 31 (69) 
Present 2 (4) 12 (27) 14 (31) 
Totals 

(P = 003) 21(46) 24(84) 45 (100) 








* MRI indicates magnetic resonance imaging. Val- 
ues are number (percent). 


Table 5.—ESD Score by Diagnosis * 


ESD Score 
i, No. of 
Diagnosis Mean so Subjects 















AD 173.0¢ 53.5 


Mixed dementia 179.8 79.9 9 
Multi-infarct 

dementia 213.0 17.4 4 
Other 178.0 sated 1 
Normal contro! 245.0 5.6 39 





“ESD indicates Extended Scale tor Dementia; AD, 
Alzheimer’s disease. 

+The mean ESD scores of the AD and control 
groups differ significantly (P < .001) (t test). 


lyzed together. No link was found be- 
tween any of the focal neurologic 
findings assessed and PVH, L-A, or ei- 
ther subcategory of L-A. This last anal- 
ysis is based on a cohort of 17 men and 26 
women, with a mean (SD) age of 67.5 
(11.1) years. 


COMMENT 
Prevalence of White-Matter Changes 


White-matter changes appear in 59% 
to 74%" of healthy aged subjects and 
in 80% of healthy middle-aged volun- 
teers.” The prevalence of PVH on MRI 
scans likewise varies greatly. Bowen et 
al” identified PVH in 89% of 36 healthy 
subjects with a mean age of 70 years. 
Kertesz et al found PVH “rims” in 98% 
of their 58 control subjects older than 50 
years. Zimmerman et al” found PVH in 
90% of studies with otherwise normal 
findings involving 63 subjects older 
than 30 years. The prevalence of PVH 
increases with age, but we find PVH in 
only 30% of our relatively old controls 
(mean age, 70 years). This may mean 
that changes that we denote as “deep” 
L-A are identified as PVH by other in- 
vestigators. Also, we do not designate 
as PVH small triangular hyperintensi- 
ties at the tips of the lateral ventricles, 
as other investigators may have done. 

The prevalence of clinically silent 
changes in the white matter distant 
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from the ventricles was reported to in- 
crease sixfold with age in one report” 
and fourfold in another report,” during 
a span of approximately 30 years; other 
investigators’"” have reported a simi- 
lar trend. We found L-A in a similarly 
high percentage (96%) of control sub- 
jects. The higher prevalence of L-A and 
lower prevalence of PVH in our subjects 
compared with those of Bowen et al” 
suggests that they classify as PVH 
some changes that we consider to 
be L-A. 


White-Matter Changes and 
Cognitive Function 


Leuko-araiosis, as seen on CT scans, 
appears in 30%" to 33%” of patients 
with AD and in 10%” to 16%” of similar- 
ly aged control subjects. Other investi- 
gators” concur, finding relatively ex- 
tensive lucencies in patients with AD. 
Kobari et al“ observed L-A in 22% of 
young control subjects and in 62% of 
patients with AD, whichis in agreement 
with findings of pathologic examina- 
tion.” In contrast, Fazekas et al” found 
white-matter changes in 16% of controls 
and 13% of patients with AD. The pres- 
ence of L-A correlates with decreased 
cognition” and may relate to psychomo- 
tor retardation” in healthy persons. 
Cognitive decline accompanies L-A in 
early AD.” Other studies“ do not 
confirm this last observation, but our 
previous findings” support it strongly. 

A weak relationship at best exists be- 
tween the severity of dementia in AD 
and white-matter T” and T,” values on 
MRI. Other investigators” have ob- 
served no association between T, values 
and cognitive decline in AD. Karlik et 
al” have suggested, based on only a few 
patients, that there is prolongation of T, 
in hippocampal white matter in AD. 

Our findings regarding PVH estab- 
lish the firmest link to date between AD 
and any type of change in white matter 
on MRI, although our neuropsychologic 
testing was not especially extensive. 
We found PVH twice as often in pa- 
tients with AD compared with similarly 
aged control subjects (64% vs 30%), sup- 
porting the suggestion of Fazekas et al, 
based on a smaller study, that PVH may 
accompany AD. Bowen et al” did not 
observe a difference in the prevalence of 
PVH between patients with AD and 
control subjects, although PVH was 
more widespread in the former group. 
Leys et al,” in a study based on few 
subjects, found a trend in this direction. 

Information regarding L-A is less 
clear. It appears equally frequently in 
patients with AD and in control subjects 
(98% vs 96%) in our study group, as 
suggested by other authors.*” Kobari 
et al” noted a tendency for L-A to ap- 
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pear more often, and: to a greater de- 
gree, in patients with AD than in control 
subjects. Bowen et al” found a trend 
toward a higher prevalence of L-A in 
patients with AD compared with age- 
matched controls and a significantly 
greater severity of L-A in the former 
group. Their AD group included sub- 
jects with isolated memory disorders 
who did not meet criteria for dementia. 
These subjects displayed degrees of 
L-A and PVH comparable with those 
seen in AD. The increased involvement 
by PVH and L-A in that report may not, 
therefore, be specific for AD. 

Other investigators” have stated 
that both L-A and mental decline in 
healthy aged subjects relate only to age 
rather than to one another. Rao et al,” 
in a study involving middle-aged sub- 
jects, reached similar conclusions. They 
stated the number and size range of L-A 
change in each subject, not an overall 
degree of white-matter involvement. 
Junque et al” found that L-A in subjects 
who are prone to cerebrovascular dis- 
ease correlates with slowing of complex 
mental processing. 

Leys et al,” in a study involving few 
subjects, reported no effect of PVH or 
L-A on mental function in AD. Cogni- 
tive impairment, as measured by the 
ESD, tends to correlate with the pres- 
ence of PVH when patients with AD and 
control subjects are considered togeth- 
er, although not, as also noted by Bowen 
et al,” if the two groups are considered 
separately. The connection between 
PVH or L-A and mental impairment 
may bear further scrutiny, using either 
larger cohorts or using subjects with 
MID, who have more diffuse L-A. 


MID 


White-matter lucencies reportedly 
appear on CT scans in 52% to 97%" of 
patients with MID. These reports do 
not clearly differentiate L-A from PVH. 
The prevalence of L-A, based on our 
interpretation of the data, is between 
20% and 30%." 

Small studies involving MRI” sug- 
gest that both PVH and L-A are espe- 
cially extensive in MID. White-matter 
changes appear on MRI scans in eight of 
11” and in all of 29" patients with MID, 
much more often than in AD” or in 
healthy subjects.“ Periventricular hy- 
perintensity most frequently occurs 
among controls but is most extensive in 
MID.” Other authors” have reported 
PVH universally in MID and AD alike, 
with greater severity in MID. Leuko- 
araiosis manifests in nine of 14” and in 
all of 12” patients with MID. It appears 
in four of nine” and in roughly two thirds 
of 87" patients with AD. The MID group 
exhibits more advanced changes. 


Further investigations have assessed 
whether white-matter changes produce 
vascular dementia. Hershey et al” 
found PVH in 88% of patients with 
MID, a prevalence close to that seen in 
cognitively “borderline” (63%) and men- 
tally intact (61%) stroke patients. Their 
patients with MID exhibited L-A four 
times as often (25% vs 6%) as did the 
mentally intact stroke subjects, but this 
finding was not statistically significant. 
A study of patients with lacunar infare- 
tion“ revealed markedly more white- 
matter changes in demented subjects 
compared with “borderline” and cogni- 
tively unimpaired subjects. It remained 
unclear whether dementia related to 
L-A specifically or to lacunar infarction. 

Loeb et al,” in contrast, found L-A 
more frequently among nondemented 
subjects with multiple strokes com- 
pared with patients with MID but did 
not examine its extent. Bowen et al” 
observed PVH and L-A alike in all sub- 
jects with memory complaints and Isch- 
emic Scores in the MID range. Both 
changes were markedly more severe in 
this group than in other cohorts. Their 
presence did not influence the Mini- 
Mental Status Score. 

To summarize the above, we found 
PVH in 75% of our patients with MID, 
in 88% of our patients with mixed de- 
mentia, and in 64% of our patients with 
AD. It occurred surprisingly infre- 
quently in the mixed dementia group, 
The rather low prevalence in our MID 
and AD groups reflects our stringent 
criteria for PVH. The prevalence of L-A 
hovered near 90% in all of our diagnostic 
categories. Its severity did not differ 
significantly among the various groups. 
We found L-A in AD more often than in 
the roughly two thirds” or four 
tenths” of cases reported elsewhere. 
The low prevalence may stem from the 
exclusion of subjects with vascular risk 
factors.” In another instance, the au- 
thors” may, in comparison with our 
data, have underestimated L-A to the 
benefit of PVH. 

We found, as did Bowen et al,” an 
association between L-A and MID. A 
demonstration that L-A contributes to 
intellectual decline in MID must await a 
large series of patients, with allowance 
made for the effect of stroke. 


Focal Neurologic Signs and 
MRI White-Matter Changes 


In the present report, we examined 
the relationship between focal signs on 
neurologic examination and MRI white- 
matter changes. Other such work, with 
two exceptions,” has focused on CT 
findings. 

In a case-control study, Masdeu et al” 
identified an association between the 
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severity of white-matter hypodensity 
and a history of falls. Rezek et al” ob- 
served a trend for motor abnormalities 
(abnormal tone, gait, or reflexes) to oc- 
cur more frequently (67%) in patients 
with AD with L-A than in those without 
L-A (11%) No such relationship 
emerged among healthy control sub- 
jects. George et al” found gait distur- 
bances substantially more often (45%) 
among demented subjects with L-A 
than among those without L-A (20%). 
Gait impairment was rare among elder- 
ly healthy subjects, regardless of the 
presence of L-A. George et al did not 
sereen for other neurologic abnormali- 
ties. Steingart et al” observed, among 
both nondemented and demented sub- 
jects, that limb weakness and abnormal 
plantar responses correlated signifi- 
cantly with L-A. In healthy subjects,” 
gait difficulty and the rooting and pal- 
momental reflexes also were related to 
L-A. 

Previous studies have linked L-A, as 
seen on MRI scans, with gait impair- 
ment™ and with primitive reflexes.” 
Both groups of  investigators*” 
screened only for certain focal neurolog- 
ic signs. In one report,” the subjects 
were neurologically intact, which may 
explain why other correlations did not 
emerge. In the other study,” the pres- 
ence of diverse cerebral insults may 
have masked an effect of L-A on focal 
deficits. 

In patients with AD and in control 
subjects alike, we found that neither 
PVH nor L-A bears any relationship to 
focal neurologic signs. The absence of a 
correlation between L-A and either cog- 
nitive decline or focal findings supports 
the view” that L-A is a normal change in 
the aging brain. It clearly can reflect 
infarction,”“””* however. 

Periventricular hyperintensity is as- 
sociated with AD and, in control sub- 
jects, with cerebral atrophy. A de- 
crease in brain tissue may leave more 
free water to be resorbed at the ventric- 
ular border, yielding an increase in 
PVH.” Alternatively, PVH may result 
from increased transependymal seep- 
age of ventricular fluid as a result of 
decreased brain hydrostatic pressure 
secondary to atrophy. No pathologic 
change, except increased water con- 
tent, accompanies PVH,” although 
some investigators”” dispute this. 

Periventricular hyperintensity in AD 
does not correlate with atrophy. Pa- 
tients with AD exhibit more lateral ven- 
tricular dilatation than do normal sub- 
jects with PVH. Its degree does not 
vary with the presence of PVH. As 
PVH is more common in AD than in 
normal subjects (64% vs 30%), its pres- 
ence favors the former diagnosis. 
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Among subjects without PVH, the 
presence of atrophy should suggest AD, 
although there is considerable overlap 
in the degree of atrophy exhibited by 
healthy subjects and patients with AD. 
Thus, either the presence of PVH or of 
atrophy without PVH may help to iden- 
tify AD, while the absence of both enti- 
ties may indicate normality. 

In control subjects, PVH accompa- 
nies deep white-matter changes; a simi- 
lar trend exists among patients with 
AD. The association of the two entities 
may reflect either a common pathogene- 
sis, as they differ little in location, or 
difficulty in distinguishing between the 
two. Among control subjects, deep 
white-matter changes appear in the ab- 
sence of PVH considerably more often 
than the converse (27% vs 4%; Table 3). 
This implies that deep white-matter 
changes herald the development of 
PVH in control subjects. Among pa- 
tients with AD, similarly, deep white- 
matter changes without PVH appear 
slightly more often than does PVH 
without deep changes (20% vs 12%; Ta- 
ble 4). This may be explained in two 
ways: PVH and deep white-matter 
changes coexist, but neither produces 
the other; alternatively, the develop- 
ment of the latter may precede the ap- 
pearance of the former, with this effect 
submerged in AD by a high prevalence 
of PVH from another cause. 

The genesis of PVH in AD is unclear. 
White-matter changes seen on CT scans 
have been related to the presence of 
hypertension and of infarcts seen on CT 
scans” in a population of demented sub- 
jects. Rezek et al" found significantly 
elevated systolic blood pressures 
among patients with AD who exhibited 
white-matter changes compared with 
other patients with AD; some investiga- 
tors™ have observed the opposite trend. 
The absence of marked arteriolar 
changes in the white matter of 
some, ®™® though not all,“ patients with 
AD who exhibit white-matter lucencies 
has focused attention on other factors: 
cerebral amyloid angiopathy*" and 
even hypotension.” The former in- 
volves meningeal vessels remote from 
the ventricle and likely produces L-A, 
not PVH. Increased water content or 
tissue loss in the white matter may gen- 
erate PVH via the mechanisms postu- 
lated earlier. Increased water content 
appears in the white matter of patients 
with AD on autopsy.™” One group”” 
reported an increased T, value in the 
white matter of patients with AD rela- 
tive to controls, but another group” did 
not. The presence or absence of PVH 
may help to diagnose or exclude AD, 
even though the cause of PVH itself 
remains uncertain. 


Leuko-araiosis, as identified by MRI, 
embraces common and subtle changes 
of unclear cause, On microscopic exami- 
nation, 752 some L-A represents 
areas of infarction, gliosis, or demyelin- 
ation. It may also reflect other entities 
(etat crible, cysts, ventricular diverti- 
culae, or venous angiomas) that spare 
the brain parenchyma and should not 
compromise neurologie function. 

Although severe L-A can produce de- 
mentia,” its heterogeneity and often 
limited extent render assessment of its 
effects difficult. Prospective investiga- 
tion involving more subjects and de- 
tailed neuropsychologic, neuroradiolo- 
gic, and neurologic evaluations will 
resolve the issue. The effect of L-A may 
be more evident when it is more severe, 
as in MID; with MID, however, one 
must contend with the confounding ef- 
fects of stroke. Leuko-araiosis may con- 
stitute a risk factor or marker for the 
development of mental decline, even ifit 
produces no incapacity itself. Appropri- 
ate observation over time will yield the 
answer. Lastly, proper ascertainment 
of coexisting conditions will identify the 
causes of L-A and guide future 
treatment. 
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è We identified 85 patients in a longitudi- 
nal study of dementia who had uncompilicat- 
ed Alzheimer’s disease and in whom com- 
puted tomography of the head and 
psychometric testing were conducted within 
a 6-month period following their entry into 
the study. Thirty-four patients (40%) had leu- 
koaraiosis, which was disproportionately 
common in female patients (62% vs 15% in 
male patients). Analysis of covariance dem- 
onstrated a relative reduction of scores on 
the Extended Scale for Dementia in those 
patients who had leukoaraiosis, after adjust- 
ing for the confounding effects of age, sex, 
educational level, and duration of iliness. 
Leukoaraiosis was also much more common 
in women, even after adjusting for the possi- 
ble confounding effects of age, duration of 
iliness, Extended Scale for Dementia score, 
and hypertension. Multiple regression analy- 
sis showed that leukoaraiosis accounted for 
11.6% of the variance of the Extended Scale 
for Dementia scores. Leukoaraiosis, togeth- 
er with duration of illness, accounted for 
18.2% of the variance. Leukoaraiosis is asso- 
ciated with a greater degree of cognitive im- 
pairment in patients with Alzheimer’s 
disease. 
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ypodensities of white matter on 

computed tomographic (CT) scans, 
described as leukoaraiosis (LA),' are 
more frequently associated with Alz- 
heimer’s disease (AD) than with normal 
aging.** However, the relationship be- 
tween LA and the degree of cognitive 
impairment in subjects with AD re- 
mains unsettled. Contradictory results 
from previous studies”*"* may be due to 
differences in the populations sampled, 
the criteria for both AD and LA, or the 
sensitivity of various psychometric 
tests of intellectual impairment. The 
sensitivity of the scanner and the expe- 
rience of the radiologist may also be 
relevant. 

Furthermore, the relationship be- 
tween LA and cognitive impairment 
may be confounded by a number of vari- 
ables. Age,*°°" stroke, hyperten- 
sion,’ and severity of AD*’" are all 
related to LA. Perhaps duration of ill- 
ness could also affect the occurrence of 
LA. Cognitive ability decreases with 
age,” stroke,” hypertension,” and the 
duration and severity of AD. Formal 
education may confound the relation- 
ship because it influences psychometric 
test performance." However, these ef- 
fects may not fully explain the associa- 
tion between LA and intellectual im- 
pairment.** 

In the present study, we compared 
patients with AD with LA and without 
LA in terms of the degree of cognitive 
impairment, taking into consideration 
potential confounding effects of other 
variables. 


PATIENTS AND METHODS 


The patients were selected from the Uni- 
versity of Western Ontario (London) De- 
mentia Study, a longitudinal research proj- 


ect described elsewhere.“ They included 
all the patients clinically diagnosed as having 
AD according to the Diagnostic and Statisti- 
cal Manual of Mental Disorders, Third Edi- 
tion Revised, criteria” who had undergone 
CT scanning of the head and psychometric 
testing completed within a 6-month period 
following their entry into the study. A histo- 
ry of stroke, cerebral infarcts as seen on CT 
scans, and a primary neuropathologie diag- 
nosis other than AD made post mortem were 
used as exclusion criteria to maximize the 
diagnostic accuracy of AD. Forty-five pa- 
tients had died, and the diagnosis of AD was 
confirmed in 25 patients during autopsy. In 
the other 20 patients, postmortem examina- 
tion was not performed. 

The study sample included 59 patients 
from the group of patients discussed in a 
previous study” who satisfied the above cri- 
teria as well as an additional 26 new cases. 
Our study differed from the previous one’ in 
that all CT scans were newly interpreted, 
and additional variables were analyzed. 

The clinical diagnosis was established by a 
research fellow in neurology (T.R.M. or 
J.F.D.) and reviewed by one of us (V.C.H.). 
It was based on a systematic comprehensive 
evaluation." When compared with the 
postmortem neuropathologie diagnosis in a 
subsample of patients, the clinical diagnosis 
of AD showed an overall accuracy of 83.1%, a 
sensitivity of 86.8%, and a specificity of 
77.8%.” 


CT Study 


Two different CT scanners were used. 
Subjects who entered the study before Octo- 
ber 1986 underwent scanning with a GE 8800 
model scanner (General Electric, Milwau- 
kee, Wis); the remainder underwent scan- 
ning with an updated GE 9800 model (Gener- 
al Electric). Both scanners were set for a 10- 
mm section thickness; 5-mm contiguous 
sections were obtained through the temporal 
lobes. No contrast material was used. 

Compared with the GE 8800 scanner, the 
GE 9800 model reduces beam-hardening ar- 
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tifact and shortens the scanning time (2.4 
seconds vs 2.8 seconds), which reduces the 
effects of patient motion and improves reso- 
lution (0.35 to 0.45 mm vs 0.75 mm). The new 
scanner also features an increase in the scan- 
ning aperture and in the amount of maximum 
gantry tilt. As a result, lesions were better 
visualized with the updated GE 9800 
scanner. 

A neuroradiologist (D.H.L.) interpreted 
all the CT scans in a “blinded” manner. The 
presence of LA and infarcts was established 
on the basis of specific criteria.” Moderate to 
substantial interobserver agreement has 
been shown in a subsample of CT scans, as 
reflected by mean pairwise « values of .67 for 
LA and .57 for infarcts.” 

Leukoaraiosis was categorized as focal 
when two or fewer areas of ill-defined hypo- 
density were seen in a hemisphere and as 
diffuse when more than two areas of hypo- 
density or confluent hypodensity were seen 
ina hemisphere. 


Psychometric Testing 


Cognitive impairment was graded by the 
Extended Scale for Dementia (ESD),” which 
was developed as a revision of the Mattis 
Dementia Seale.” The total ESD score is 
derived from 23 weighted subscores and has 
a maximum of 250 points. The lower the 
score, the more profound the cognitive im- 
pairment. Two psychometrists completed all 
the ESD measurements without knowledge 
of the CT findings. 

The ESD demonstrates mild to severe de- 
grees of cognitive decline with high test-re- 
test reliability (r= .94) and internal consis- 
tency (Kuder-Richardson 20 coefficient of 
.943).” With a cutoff point of 221, the ESD 
discriminated demented from nondemented 
elderly subjects with an overall accuracy of 
94%." 


Variables 


The sociodemographie characteristics un- 
der study included age, sex, the highest level 
of formal education attained, and occupation. 
Social class was graded on a scale for Canadi- 
an occupations.” The other variables includ- 
ed the duration of dementia (as elicited from 
the next of kin), the ischemia score,” the 
electroencephalographic grade of abnormali- 
ty,” hypertension, blood pressure values, 
and ESD score. On the CT sean, the presence 
or absence of LA and its type (diffuse or focal) 
were noted. 

Hypertension was defined as the presence 
of one or more of the following: (1) a systolic 
blood pressure greater than 160 mm Hg, (2) a 
diastolic blood pressure greater than 90 mm 
Hg, and (3) a previous medical diagnosis of 
hypertension. The blood pressure values 
were recorded from the right arm while the 
subject was seated, 


Statistical Analyses 


Univariate analyses, with use of the y” test 
for dichotomous or categorical variables and 
the Pearson correlation coefficients and two- 
tailed t-tests for continuous variables, were 
performed to assess the relationships among 
the study variables. Analysis of covariance 
and multiple regression analysis were used 
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to explore the association between LA and 
ESD scores while simultaneously controlling 
for confoanding effects from other variables. 
Multiple logistic regression was used to ex- 
amine the effect of sex on LA while adjusting 
for other potential confounders. The ana- 
lyses were performed with the SPSSX™ and 
the SAS.” 


RESULTS 


The &5 patients had a mean (+SD) 
age of 70.8+8.4 years. Forty-five pa- 
tients (52.9%) were female, and 83 
(98%), including all of those with LA, 
had an ischemia score” of 4 or lower, 
which supported the diagnosis of AD. 
The ischemia score was missing in one 
patient, but AD was diagnosed during 
the postmortem examination. One pa- 
tient without LA had an ischemia score 
of 5, but the course of his illness and the 
absence of infarcts on CT scans support- 
ed the clinical diagnosis of AD. 

Leukoaraiosis was present in 34 
(40%) of the patients. Diffuse LA was 
identified in 10 cases (12%) and focal LA 
in 24 (28%). Forty percent of the pa- 
tients had had hypertension. The mean 
duration of the illness to the time of CT 
scanning was 4.1 + 2.6 years, with a me- 
dian of 3.4 years. The mean duration for 
those with onset before the age of 65 
years compared with those with onset 
after the age of 65 showed only a small 
difference that did not suggest earlier 
diagnosis of those still employed (onset 
before age 65 years, 4.7+3.14 years; 
onset after age 65 years, 3.91 +2.25 
years). 

The mean ESD score was 
132.1 +80.8, with a range of 0 to 237. 
The intellectual impairment was consid- 
ered mild (ESD score greater than 189) 
in 35.3% of the patients, moderate (ESD 
score, 70 to 189) in 36.5% of patients, 
severe (ESD score, 21 to 69) in 10.6% of 
patients, and advanced (ESD score, 0 to 
20) in 17.6% of patients. The new scan- 
ner was used in only nine cases, identi- 
fying LA in three cases. The old scanner 
was used in the remaining 76 cases, 
showing LA in 41% (Fisher’s Exact Test 
[two-tailed], P=.74). Information was 
lacking concerning the educational level 
of six patients. Only 4% of the patients 
for whom this information was available 
had not attended school. Forty percent 
had attended elementary school or some 
high school, and 56% had completed 
high school or attended a college or 
university. 

Tables 1 and 2 compare the clinical 
and sociodemographic characteristics of 
the subjects in terms of LA. Cognitive 
impairment was more pronounced in 
the group with LA compared with the 
group without LA. A 56-point mean dif- 
ference in the ESD score was both clini- 
cally and statistically significant. How- 


Table 1.—Clinical Characteristics of 
the Patients With and Without 
Leukoaraiosis* 


Leukoaraiosis 
aaaeeeaa, 
Absent Present 
(in = 51) (n = 34) 
154.4 98.6 

{(75.3)t 


Variable 
ESD score 





Duration of 
dementia, y 
EEG 
Normal 
Mild abnormality 
Moderate 
abnormality 
Severe abnormality 
Hypertension 
Systolic blood 
pressure, 
mm Hg 
Diastolic blood 
pressure, 
mm Hg 


* Values are mean (SD) or percent. ESD indicates 
Extended Scale for Dementia; EEG, electroencepha: 
logram. 

tP < .001. 









Table 2.—Sociodemographic 
Variables of Patients With and 
Without Leukoaraiosis* 


Leukoaraiosis 
mmeenceantnmeraanat aneneen, 
Absent = Present 
(n = 51) {n = 34) P 
68.0 (8.6) 75.1 (6.0) .0001 


Variable 
Age, y 
Sex 
M (n = 40) 85.0 15.0 
F (n = 45) 37.8 62.2 
Education 
<SGrade 11 
(n = 35)t 62.9 
Grade 12+ 
(n = 44)¢ 56.8 


“Values are mean (SD) or percent. 
tinformation on education was not available for six 
patients. 


-0001 





ever, no significant difference in the 
ESD score emerged between patients 
with diffuse and focal LA who scored 
107+76.8 vs 95+80.0, respectively 
(P=.7). Except for the categories of 
“counting backward” and “counting by 
threes,” all 23 mean ESD subscores 
were significantly lower in the group 
with LA (P<.05). 

A higher degree of electroencephalo- 
graphic abnormalities, reflecting more 
severe disease, in those patients exhib- 
iting LA is consistent with their lower 
ESD score.” The more pronounced cog- 
nitive deterioration of the patients with 
LA could not be explained by longer 
duration of their AD. However, those 
with LA were significantly older 
(P<.0001) and predominantly female 
(P<.0001). No significant differences 
were found for education, social class, 
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and blood pressure values. The effect of 
sex on LA was examined further by 
logistic regression analysis, including 
sex, age, duration of illness, hyperten- 
sion, and ESD score as predictor vari- 
ables for LA. The effect of sex on LA 
remained significant (P<.0003) after 
adjusting for the other sigificant con- 
founding variables (age and ESD 
score), the odds ratio for the occurrence 
of LA in female patients being 9.96. 

As expected, the ESD score was in- 
versely correlated with age (r= —.18, 
P=.22) and duration of AD (r= —.31, 
P=.004). Female patients showed a 
significantly lower mean ESD score 
than did male patients (116+ 78.8 vs 
150 + 76.5; P= .05). Patients with grade 
11 and lower educational levels showed 
a lower mean ESD score (126+ 74.2) 
compared with those with a higher edu- 
cational level (140+ 88.0), but the dif- 
ference did not reach statistical signifi- 
cance. No significant associations 
emerged between ESD score and hy- 
pertension or blood pressure values. 

In summary, the univariate analysis 
showed an association between LA and 
lower ESD scores and suggested poten- 
tial confounding effects from age, sex, 
duration of AD, and educational level. 
Therefore, a multivariate analysis was 
performed to control for these effects. 

Examination of the ESD score as a 
function of LA, age, sex, and duration of 
illness with analysis of covariance re- 
vealed significant effects from LA 
(P = .01) and duration of illness (P = .02) 
but no significant effects from age 
(P= .52) or sex (P=.87). A simplified 
model, including only LA and duration 
of the dementia, showed significant ef- 
fects from both variables (P = .003 and 
P=.01, respectively). 

Multiple regression analysis showed 
that LA alone accounted for 11.6% of the 
variation in ESD scores, while LA and 
duration together accounted for 18.2%. 
Adding age and sex to the model in- 
creased the explained variation of the 
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ESD scores by only 0.37%. Therefore, 
among the variables introduced in the 
model, only LA and duration of illness 
were significantly associated with cog- 
nitive impairment. However, LA alone 
explains only approximately one tenth 
of the variation in cognitive impairment 
observed in patients with AD. 


COMMENT 


Our study results show that the pres- 
ence of LA is associated with increased 
cognitive impairment in AD after tak- 
ing into consideration the confounding 
effects of age, sex, duration of illness, 
and the level of formal education. How- 
ever, LA accounts for only a small pro- 
portion of the variation in cognitive im- 
pairment, suggesting that other factors 
associated with the degenerative pro- 
cess of AD may account for most of the 
cognitive deterioration seen in AD. 

An association between the severity 
of LA and the severity of AD was re- 
ported by George et al’ but was not 
confirmed by Erkinjuntti et al.’ Rezek 
et al” showed a relationship between 
the extent of LA and intellectual de- 
cline. Findings of a longitudinal study’ 
showed that patients with early AD ex- 
perienced the same intellectual decline, 
regardless of the presence or absence of 
LA. However, previous data from our 
group’ showed that LA accompanied 
lower scores on the ESD only in the less 
advanced cases of AD. Magnetic reso- 
nance imaging studies have also yielded 
contradictory findings,” which are 
discussed in another report by our 
group (T.R.M., D.H.L., C.J.W., et al, 
unpublished data, 1990). Discrepant re- 
sults from CT and magnetic resonance 
imaging studies may be due to differ- 
ences in the study samples, criteria for 
both AD and LA, the potential of the 
psychometric tests to measure various 
degrees of intellectual impairment, and 
the sensitivity of the scanner to detect 
LA. 

Previously published CT studies have 
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reported a frequency of LA with AD 
ranging from 13%” to 19.7%" to 30%.’ 
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Cerebrovascular Instability in a Subset of 


Patients With Stroke and Transient Ischemic Attack 


Lars Friberg, MD, Tom Skyhøj Olsen, MD 


@ In six patients, we observed remarkably 
unsteady blood flow and indications of vaso- 
spasms on the arteriolar level in connection 
with episodes of focal cerebral ischemia. The 
patients originated from a prospective con- 
secutive study of 53 patients with stroke and 
transient ischemic attack who had been ex- 
amined by cerebral angiography and rapidly 
repeated regional cerebral blood flow mea- 
surements using the intracarotid xenon 133 
method. In 47 patients, regional cerebral 
blood flow values, flow patterns, and clinical 
condition were stable during the repeated 
regional cerebra! blood flow measurements. 
In six patients, pronounced regional hypo- 
perfusion and hyperperfusion developed 
during the course of examination. In the hy- 
poperfused regions, flow was transiently re- 
duced to values consistent with ischemia, 
and in four of these patients this was accom- 
panied by transient neurological deficits. 
The arteriogram and isotope angiograms 
ruled out spasms of large arteries or throm- 
boembolism. A condition of cerebrovascular 
instability on the arteriolar level probably 
was induced by the examination procedure. 
These patients were hypersensitive to the 
provoking stimuli either habitually or as a 
consequence of previous ischemic acci- 
dents. It is suggested that in some patients 
with focal cerebral ischemia, the primary 
cause might be spasms of the smallest resis- 
tance vessels rather than thromboembolism. 

(Arch Neurol. 1991;48:1026-1031) 


major part of focal cerebral acci- 
dents are due to thromboembo- 
lism. Arterial spasms have been consid- 
ered another possible cause of focal 
cerebral ischemia. However, with the 
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exception of cases of subarachnoid hem- 
orrhage, arterial spasras have only 
rarely been demonstrated on cerebral 
angiograms. Consequently, vaso- 
spasms generally have been rejected as 
a possible pathophysiological mecha- 
nism of focal cerebral ischemia in pa- 
tients with transient ischemic attack 
(TIA) and stroke. In this article, we 
present evidence that vasospasms in 
fact might be a cause of focal cerebral 
ischemia in some patients suffering 
from TIA and stroke. However, these 
spasms occur on the level of the smallest 
cerebral resistance vessels and are 
therefore not visible on a cerebral angio- 
gram. We focus on the description of six 
patients from a consecutive study of 53 
patients with recent cerebral ischemic 
events. During measurements of re- 
gional cerebral blood flow (rCBF), we 
found a remarkably unsteady regional 
perfusion of the cerebral cortex, sug- 
gesting instability of the cerebrovascu- 
lar tone. In these six patients, we failed 
to demonstrate embolic sources, and 
there were no spasms of the vessels visi- 
ble on the angiogram. In five patients, 
there were no angiographic signs of vas- 
cular occlusions. 


PATIENTS AND METHODS 
Patients 


This report describes the investigation of 
six patients from a group of 53 who were 
examined consecutively in a prospective 
study. They were admitted to the hospital in 
direct connection with the appearance of neu- 
rological symptoms suggesting acute is- 
chemic cerebral accidents. Patients with se- 
vere, disabling diseases or advanced malig- 
nant diseases were not included in the study. 
Excluded from this study were patients with 
brain-stem and cerebellar lesions, intracere- 
bral hematomas, or myocardial infarction 
within 3 months of TIA or stroke. Also ex- 
cluded were patients in whom the angiogra- 
phy revealed occlusion or tight stenosis of the 
internal carotid artery that made it impossi- 
ble to measure rCBF with the intracarotid 
method. 

Thirty-two men and 21 women were in- 
cluded (mean age, 64 years; range, 44 to 


75 years). The six patients described in detail 
in this report were two men and four women 
(mean age, 66 years; range, 61 to 73 years) 
(Table 1). The protocol was approved by the 
Medical Faculty of the University of Copen- 
hagen, Denmark. 


‘Methods 


All patients underwent the same examina- 
tion procedures, including a full clinical neu- 
rological examination at the time of arrival to 
the hospital. Clinical examinations were re- 
peated several times during the ward period. 
Cerebral angiography and rCBF measure- 
ments were performed within 12 to 24 hours 
after admission and in no case later than 
48 hours after debut of the symptoms. A 
computed tomographic scan was carried out 
1 day later and repeated after approximately 
2 weeks and 6 months, The patients were 
examined for atrial fibrillation and previous 
myocardial infarction. Electrocardiography 
was performed in all. 

Cerebral Angiography. —Puncture of the 
relevant common carotid artery was done 
using local anesthesia, and angiography of 
the carotid system and cerebral vessels was 
performed by administering the contrast me- 
dium through the cannula. The angiograms 
were inspected immediately. By the Sel- 
dinger technique, we introduced a small, 
soft, polyethylene catheter into the internal 
carotid artery after cerebral angiography. 

rCBF Measurements. — {immediately af- 
ter the cerebral angiography, we measured 
rCBF with the intracarotid xenon 183 injec- 
tion technique.’ Two hundred to 400 MBq of 
“Xe dissolved in 3 mL of saline was injected 
through the catheter, and for the following 
2 minutes the clearance of isotope was re- 
corded with a 254-detector gamma camera 
covering one hemisphere.” Each detector re- 
corded radiation from approximately 1 em* of 
the brain surface. Immediately after the iso- 
tope injection, each detector recorded the 
count rate with 1-second sampling intervals. 
The fast passage of high isotope concentra- 
tions through the carotid siphon and the mid- 
dle and anterior cerebral arteries could be 
identified as vascular spikes in the clearance 
curve obtained with detectors covering these 
large vessels.’ In the normal brain, vascular 
spikes occur within 1 to 3 seeonds, and subse- 
quently the isotope (blood) is distributed 
throughout the brain cortex. Here the maxi- 
mum count rate plateau is obtained within 
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Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 
Age, y/sex 61/M 73/M 66/F 85/F 65/F 86/F 
Hemisphere R L R R R R 
Time to rCBF after 24 16 18 18 48 24 





























































































start of 
symptoms, h 
Symptoms betore 3 attacks of 1-3 h 3 attacks of R arm Weakness L arm L facial paresthesia Weakness L arm Weakness L arm 
examination L hemiparesis, and leg and leg and weakness of and leg and leg 
confusion, weakness and L arm 
aphasia, and paresthesias 
dizziness over 14 
d; admitted with 
4th attack 
Classification Stroke TIA Stroke TIA TIA (stroke) Stroke 
Symptoms during No further New attack; Confusion and full No symptoms New attack; paresis Aggravation of L 
examination symptoms transient R paresis L leg; L arm; hemiparesis; 
hemiparesis; 5-6 h paresthesias L L-sided neglect, 
confusion, 3-4 h side of face, 24h 
15-20 min 
Angiographically None None Occlusion of None None None 
visible occlusions parietal branch 
of MCA 
CT scan Low density R Normal; slight Low density R Normal 1st normal; 2nd Low density R 
posterior crus of atrophy R caudate nucleus and 3rd, low basal ganglia 
internal capsule parietal cortex density R internal 
capsule 
Persisting Slight movement None None None None Slight movement 


symptoms after disorder L arm 


6 mo 





2 to 4 seconds after the bolus injection. Thus, 
the early isotope distribution and count rates 
can be used in evaluating the arterial distri- 
bution of blood. 

For each detector, CBF (measured in mil- 
liliters per 100 g per minute) was calculated 
as the initial slope of the logarithmically 
transformed “’Xe clearance curve obtained 
from 12 to 60 seconds after the bolus injec- 
tion: CBF =k x \ x 100, where k is the rate 
constant and À is the tissue-to-blood partition 
coefficient for “Xe, which is 0.87 mL/g in 
gray matter. All data were automatically 
corrected for background activity and for 
clearance of the small amount of remaining 
isotope, which could be present when rCBF 
measurements were carried out with short 
intervals, There was a time interval of 15 to 
20 minutes between the first and second mea- 
surements, and the following measurements 
were done with approximately 10-minute in- 
tervals. After computation, the data were 
visualized as a two-dimensional color picture 
of the lateral aspect of the brain (Fig 1), and 
the calculated values could be obtained from 
a printer (Fig 2). After the rCBF study, we 
examined the 254 clearance curves from each 
measurement. Simultaneously with each 
rCBF measurement, PCO,, mean arterial 
blood pressure, and heart rate were recorded 
via the intracarotid catheter. The flow values 
were not corrected for PCO, changes in this 
study. 

All repeated measurements were per- 
formed during a resting condition. Abnormal 
rCBF in a region was defined by the follow- 
ing criteria. A region should consist of at 
least 10 adjacent detectors representing ap- 
proximately 10 em’ of the cortical surface. In 
the normal brain, the SD of the difference 
between repeated rCBF measurements in a 
10-detector region is 3.3%.* We have chosen 
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* rCBF indicates regional cerebral blood flow; TIA, transient ischemic attack; MCA, middie cerebral artery; 


to define a hypoperfused region as 10 neigh- 
boring detectors each having at least a 20% 
lower rCBF value than found during the 
measurement when there were no symptoms 
and the rCBF pattern was evaluated to be 
normal. Therefore, mean rCBF ina hypoper- 
fused region was at least five times beyond 
the expected SD in normal subjects. A hy- 
perperfused region was defined as at least 10 
adjacent detectors each recording rCBF in- 
creases of more than 40%. In this way, we 
minimized the risk that the focal blood flow 
increase was due to physiological activation, 
as 40% is more than twice the SD of the 
average focal activation response seen dur- 
ing pure intrinsic mental activity." 


RESULTS 
rCBF Patterns and Angiography 


When analyzing serial aspects of the 
rCBF patterns, we found a remarkably 
unsteady flow distribution in six pa- 
tients. These rCBF patterns differed 
significantly from those of the remain- 
ing 47 patients. Therefore, the patients 
were considered belonging to two dif- 
ferent groups, which we henceforth will 
refer to as groups 1 and 2. 

Group 1.—In 47 patients, the rCBF 
patterns showed unaltered blood flow 
distribution during repeated measure- 
ments. Ifa region of focal hypoperfusion 
or hyperperfusion was present, this ab- 
normality was found during all mea- 
surements. That is, the rCBF values 
and the localization and extension of the 
abnormally perfused regions were the 
same during all measurements. In this 
group, there was angiographic evidence 
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disorder L arm 









and CT, computed tomography. 


of occlusions of the middle cerebral ar- _ 
tery or peripheral branches from this 
artery in 23 patients. The angiography 
did not reveal signs of arterial occlu- 
sions or arterial spasms in 24 patients. 

Group 2.—In six patients, the se- ` 
quential rCBF measurements were 
completely different from those of 
group 1. In these six patients, the flow 
distribution was remarkably unsteady. 
During the examination, foci of hyper- 
perfusion and hypoperfusion developed 
in different regions of the examined 
hemisphere. The calculated rCBF val- 
ues and the extension of these abnor- 
mally perfused regions altered from 
measurement to measurement. They > 
increased or decreased in size, and low 
or high mean blood flow was more or 
less pronounced. In case 2, it was only 
possible to carry out one measurement, 
as the patient felt great discomfort ow- 
ing to the appearance of a new TIA. This 
patient was included in group 2 because 
a clearly abnormal rCBF pattern was 
associated with the appearance of neu- 
rological deficits and because the retro- 
spective analysis of the clearance 
curves revealed that these were re- 
markably unstable. Figure 1 shows the 
changing rCBF patterns, and Fig 2 il- 
lustrates the localization and extension 
of the hyperperfused and hypoperfused 
regions. The global mean CBF is indi- 
cated in Table 2, and mean blood flow 
values in the affected regions are indi- 
cated in Table 3. 

In five patients, the angiograms were 
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Fig 1.—Regional cerebral blood flow patterns from individual measurements. Color scale indicates blood flow in milliliters 
per 100 g per minute. Top left, Case 1; top right, case 2: center left, case 3; center right, case 4; bottom left, case 5; and 
bottom right, case 6. 
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Fig 2.—An example of calculated mean regional cerebral blood flow (rCBF) values (in milliliters per 100 g per minute) as 
displayed on the printer (case 5). Each value represents data from one detector (1 cm). During flow 1 (left), there was a normal 
rCBF distribution. During flow 5 (right), regions of hyperperfusion and hypoperfusion developed. The full line encircles the hypoperfused 
region, which includes values more than 20% below mean blood flow in unaffected brain regions. Broken line encircles the hyperpertused 
region, which includes values more than 40% above blood flow in unaffected brain regions. Note the gradually decreasing flow values 
when moving from high- to low-flow regions owing to the Compton scatter effect (see text). 


without signs of arterial occlusions. In 
one patient (case 3), angiography failed 
to demonstrate a smaller parietal 
branch of the middle cerebral artery. 
One patient (No. 5) had slight hyperten- 
sion (blood pressure, 170/100 mm Hg) 
and discrete angiographic signs of a 
small plaque in the right (relevant) in- 
ternal carotid artery, just above the bi- 
fureation. The patient was given anti- 
thrombotic therapy (warfarin [Couma- 
din] sodium) for 6 months. It cannot be 
ruled out that this slight pathological 
change in case 5 could have caused the 
symptoms. In none of the patients were 
there spasms of the arteries visible on 
the angiogram. 


Isotope Arrival 


The initial part of the plotted curves 
indicates the time of arrival of the iso- 
tope. In normally perfused brain tissue, 
a maximum count rate occurs 2 to 
4 seconds after the bolus injection. 
Tight narrowing or occlusions of large 
arteries will cause an overdue arrival of 
the isotope. 

Group 1.—There was a normal time 
of arrival in normally perfused brain re- 
gions. In regions of infarcts caused by 
vascular occlusions, maximum count 
rates were considerably delayed, two to 
three times later than in normally per- 
fused regions. This was most marked in 
regions with cortical infarcts and less 
pronounced in regions overlying sub- 
cortical infarcts. Furthermore, vascu- 
lar spikes were not recorded when an 
artery was occluded proximal to the lo- 
cation of the detector. 

Group 2.—The initial part of the 
clearance curves from this group of pa- 
tients showed a normal time of arrival of 
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the isotope in all cortical regions irre- 
spective of low, normal, or high blood 
flow being recorded from a region. An 
exception, however, was the delayed 
isotope arrival in a small subcortical in- 
farct area in the parietal lobe of case 3. 


Clinical Observations 


In all patients, the degree of paresis 
was evaluated in accordance with the 
Medical Research Council score. 

Group 1.—In this group, we ob- 
served no exacerbation of previous 
symptoms or development of new 
symptoms in connection with the 
examination. 

Group 2.—Clinical symptoms are 
listed in Table 1. In two patients with 
stroke, there was aggravation of previ- 
ous symptoms. In two patients with 
TIA, a new attack developed. All ob- 
served symptoms were transient, leav- 
ing no permanent sequelae. Two pa- 
tients exhibited no exacerbation of 
previous symptoms or development of 
new symptoms. In none of the patients 
did headache develop. 


Other Observations 


During the rCBF measurements, 
blood pressure, heart rate, and Pco, 
were within the normal range. There 
was no history of cardiac disease in the 
six patients of group 2. In all cases, the 
electrocardiogram showed normal sinus 
rhythm, and there were no signs of 
atrioventricular block, hypertrophy, or 
other types of cardiac abnormalities. In 
none of the patients were there clear 
indications as to a direct known cause of 
TIA or stroke. They did not receive any 
kind of acute medical or surgical thera- 
py. After discharge from the hospital, 
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the patients returned for ambulatory 
visits regularly for the following 

6 months. During this period, the pa~. 
tients’ conditions seemed to be fairly 

stable. One month after the examina- 

tion, patient 4 experienced one TIA. 
lasting 10 minutes. In patient 3, postin-. 
farct epilepsy developed, and the pa- 

tient had two generalized seizures with-. 

in the observation period. In the 

remaining four patients, there were no 

clinical signs of further attacks. There ` 
were no clinical signs of improvement of 

the persisting symptoms in patients 1- 
and 6 (Table 1). 


COMMENT 


The observation of development. of 
pronounced focal hypoperfusion sug- 
gests that focal ischemia due to arterio- . 
lar spasms was able to be elicited in the _ 
six patients of group 2 on whom we will 
focus this discussion. 

Most likely, the severity and duration 
of neurological symptoms, associated 
with the presence of cerebrovascular in- 
stability, are proportional to the num- 
ber and duration of periods during 
which ischemic flow values are present, 
as well as to the degree of flow reduc- 
tion. The magnitude of the flow redue- 
tion was not uniform in the unstable 
perfused regions, that is, some areas 
within these regions were more severe- 
ly affected than others (Fig 1). 

The transient aggravation of motor 
and sensory deficits observed during 
and after the examination of four of the 
patients described herein were most 
likely due to transient ischemia in the 
corresponding motor and sensory 
zones.’ The cortical neuronal function 
might also have been affected by is- 
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Table 2.—Mean Hemispheric CBF and Paco, During Individual Measurements* 






















































































* CBF indicates cerebral blood flow. 


Patient Mean Hemispheric Paco,, 
No. Flow No. CBF, mL . 100 g~ . mint mm Hg 
1 1 44 41.6 

2 41 39.7 
3 26t 32.1 
4 47 40.2 
5 40 41.2 
6 38 41.1 
2 1 38 45.1 
3 1 55 44.3 
2 63 44.5 
3 37t 35.4 
4 62 43.1 
§ 50 43.5 
6 52 43.3 
4 1 49 40.6 
2 54 40.2 
3 30t 27.1 
4 64 41.7 
§ 54 41.2 
6 48 39.2 
7 44 38.2 
5 1 42 37.1 
2 39 35.5 
3 42 36.2 
4 29t 28.2 
5 44 33.4 
6 40 35.7 
7 39 35.2 
6 1 56 40.8 
2 63 41.9 
3 37ł 32.9 
4 50 37.8 
5 55 44.4 
6 44 40.9 





+Cerebral blood flow study during voluntary hyperventilation. 





Hypoperfused Regions 


Table 3.—Lowest and Highest rCBF Values Measured in Affected Regions* 
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Hyperperfused Regions 
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Patient No. of No. of 
No. rCBF Detectors rCBF Detectors 
1 30 (25-35) 41 61 (50-67) 15 
2 19 (16-28) 25 TER Font 
3 26 (16-34) 82 (77-91) 25 
4 26 (11-37) 38 90 (73-102) 20 
5 13 (0-28) 85 (69-102) 13 
36 (30-40) 80 (67-92) 








* CBF indicates regional cerebral blood flow, measured in milliliters per 100 g per minute. Values are mean 


(range). 


chemia in the two patients who did not 
exhibit detectable neurological deficits 
in association with the examination. In- 
sufficient function of cortical areas out- 
side motor and sensory zones may not 
have been detected if the effect was 
transient and mild. 


ischemic Threshold 


In this study, we refer to the ischemic 
threshold, defined as the level at which 


1030 Arch Neurol—Voi 48, October 1991 


normal neuronal function of the cerebral 
cortex is affected owing to insufficient 
blood perfusion. This threshold has 
been determined to be around 23 m 
100 g` min ^." In our study, we calcu- 
lated mean rCBF from 48-second inter- 
vals. In the hypoperfused regions, 
mean rCBF was found to be from 13 to 
36 mL-100 g `min `. However, these 
values are considerably overestimated 
owing to scattered radiation (Compton 


seatter) in low-flow regions originating 
from normal or highly perfused sur- 
roundings. Olsen et al” have shown 
that about 50% of the radiation recorded 
from the developed low-flow areas is 
scattered radiation. Therefore, the ac- 
tual average blood flow in the low-flow 
areas most likely is around or below the 
ischemic threshold. As the Compton 
seatter effect is of greatest importance 
in low-flow regions close to normal or 
highly perfused regions, it is not possi- 
ble to determine the exact extension ofa 
low-flow area. The borders are blurred, 
and measured flow values are succes- 
sively decreased from high- to low-flow 
regions. This is illustrated in Fig 2. 

It is not likely that the decrease of 
blood flow was due to primary physio- 
logical deactivation, as complete phar- 
macological inhibition of the total hemi- 
sphere (which excludes Compton effect) 
only reduces blood flow down to the 
baseline level, around 22 mL: 
100 gmin.” 

Arteriolar Spasms and Significance 
of Cerebrovascular Instability 


Cerebral angiography did not reveal 
signs of large-vessel occlusions or 
spasms of the arteries visible on angiog- 
raphy in the six patients herein de- 
scribed. In one patient (case 3), there 
was occlusion of a small parietal branch 
of the middle cerebral artery, and the 
computed tomographic scan revealed a 
small subcortical parietal infarct. How- 
ever, in this case, the abnormally per- 
fused regions were much more wide- 
spread than the extension of the infarct 
area. Most of the frontal lobe and some 
of the temporal and parietal lobes were 
affected. 

During all rCBF measurements, 
there were normal temporal and spatial 
isotope distribution in the territories of 
the main brain arteries.’ The isotope 
angiograms” were without signs of oc- 
clusions, except in the small infarct area 
of case 3. We believe that the combina- 
tion of the fluctuating extension of focal 
hyperperfused and hypoperfused re- 
gions and the absence of signs of occlu- 
sion on the arteriogram and isotope an- 
giograms can exclude occlusions of 
major arteries. 

Recently, a condition of cerebrovas- 
cular tone instability has been defined 
as transient spasms of the arterioles al- 
ternating with normal calibration of 
these vessels and/or short periods of va- 
sodilation.”"* When arteriolar spasms 
are present, the blood flew decreases to 
values consistent with ischemic levels. 
It is likely that regulation of vascular 
tone is beyond normal control in the 
affected, abnormally perfused regions. 
It was suggested that the arteriolar 
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spasms must be considered the primary 
event, and the vasodilation causing epi- 
sodes of hyperemia may be posthypoxie 
vasodilation or an overshot by compen- 
sating mechanisms. The examination 
procedures used herein, ie, carotid 
puncture, indwelling catheter, and in- 
tracarotid bolus injections, are known 
to be able to induce the development of 
focal cerebral hypoperfusion, transient 
focal ischemia, and a migraine attack in 
patients suffering from classic and 
hemiplegic migraine. ”™ The exact 
mechanism of this phenomenon is not 
known. Most likely, the vascular 
changes in the patients with TIA and 
stroke reported herein also were trig- 
gered of by one or several of the proce- 
dures performed in connection with the 
cerebral angiography and rCBF 
measurements. 

Repeated bolus injections of contrast 
medium, isotope solution, and heparin- 
ized saline might be a strong provoca- 
tive factor causing release of vasoactive 
substances from platelets, endotheli- 
um, or perivascular nerves. Mowat et 
al" have reported that a few seconds 
after a bolus of saline or “Xe solution 
was injected into the renal artery of 
healthy dogs, a drastic fall in renal blood 
flow was observed. Most likely this was 
due to transient constriction on the af- 
ferent arteriolar level. The eliciting of a 
similar arterio-arteriolar reflex in the 
vessels supplying the brain could be the 
primary provoking factor of arteriolar 
spasms and cerebrovascular instability. 
Another possible provoking factor 
might be release of vasoactive sub- 
stances, such as serotonin, from me- 
chanically damaged platelets. Howev- 
er, the characteristic flow changes 
reported herein only seem able to be 
provoked in subjects who are hypersen- 
sitive to the triggering factor(s), that is, 
in patients suffering from classic and 
hemiplegic migraine and apparently ina 
group of patients with TIA and stroke 
as reported here. 


Cerebrovascular instability: 
Consequence or Cause of 
TIA and Stroke 


The unstable blood flow regulation 
observed might be a consequence of pre- 
vious ischemic accidents. However, it 
was only observed in these six patients, 
who had no obvious thromboembolic 
sources, and not in the rest of the exam- 
ined patients. It might be possible that 
the condition of cerebrovascular insta- 
bility also was present during previous 
spontaneous attacks of transient focal 
ischemia in these six patients. In our 
material, the incidence of cerebrovascu- 
lar instability able to be provoked was 
found in six (11%) of 53 patients with 
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TIA and stroke without a history of mi- 
graine. This incidence could be consid- 
ered the normal occurrence of hyper- 
sensitive subjects in the population. 
However, this is probably not the case. 
It has been reported that development 
of neurological symptoms in connection 
with intracarotid angiography and 
rCBF measurements only occurred 
with an overall rate of 1.3% in nearly 
4000 patients examined for a variety of 
diseases.” Therefore, it is likely that the 
occurrence rate of hypersensitive sub- 
jects among patients with TIA and 
stroke is much higher than normally 
found in the population as a whole. Ac- 
cording to our experience, the highest 
incidence of hypersensitive subjects is 
probably found in the group of patients 
suffering from classic and hemiplegic 
migraine, in which cerebrovascular in- 
stability and transient neurological defi- 
cits are able to be provoked in approxi- 
mately 60% to 70% of cases. Although 
the recovery from a vascular migraine 
attack generally is complete, there are 
reports indicating that permanent neu- 
rological sequelae can develop in con- 
nection with an attack.” Further- 
more, Fisher“ has suggested that 
migraine accompaniments can cause 
otherwise unexplained TIA. 

It seems likely that attacks of cere- 
brovascular instability can occur spon- 
taneously in hypersensitive patients, as 
the provoked symptoms usually are ex- 
actly like those experienced during 
spontaneous attacks. Vasoconstrictor- 
induced focal cerebral ischemia might 
be associated with or even the cause of 
TIA and stroke in patients who have a 
normal angiographic and cardiac status. 
On the other hand, abnormal angiogra- 
phy or the finding of cardiac disease 
does not exclude the coexistence of hy- 
persensitivity to vasospastic stimuli. It 
should also be considered that a disposi- 
tion for episodes of cerebrovascular in- 
stabilty might be a cause of a previous 
ischemic event. This might partly ex- 
plain the unstable clinical condition and 
fluctuation of neurological deficits seen 
in some patients with stroke and TIA 
after a focal cerebral ischemic event. 


References 


1. Heedt-Rasmussen K, Sveinsdottir E, Lassen 
NA. Regional cerebral blood flow in man deter- 
mined by intra-arterial injection of radioactive in- 
ert gas. Cire Res. 1966;18:237-247, 

2. Sveinsdottir E, Larsen B, Rommer P, Lassen 
NA. A multi-detector scintillation camera with 254 
channels. J Nucl Med. 1977;18:168-174. 

3. Friberg L, Olsen TS, Roland PE, Paulson OB, 
Lassen NA. Focal increase of blood flow in the 
cerebral cortex of man during vestibular stimula- 
tion. Brain. 1985;108:609-623. 

4, Olesen J, Paulson OB, Lassen NA. Regional 
cerebral blood flow in man determined by initial 
slope of the clearance of intra-arterially injected 
Xe-133. Stroke. 1971:2:519-540. 


5. Lassen NA, Roland PE, Larsen B, Melamed 
E, Soh K. Mapping of human cerebral functions: a 
study of the regional cerebral blood flow pattern 
during rest, its reproducibility, and the activations 
seen during basie sensory and motor functions. 
Acta Neurol Scand. 1977:64(suppl):262-263. 

6, Friberg L, Roland PE. Functional activation 
and inhibition of regional cerebral blood flow and 
metabolism. In: Olesen J, Edvinsson L, eds. Basie 
Mechanisms of Headache. Amsterdam, the Neth- 
erlands: Elsevier Science Publishers; 1988:89-98, 

7. Trojaborg W, Boysen G. Relation between 
EEG, regional cerebral blood flow and internal ca- 
rotid pressure during carotid endarterectomy. 
Electroencephalogr Clin Neurophysiol. 1973; 
34:61-69. 

8. Powers WJ, Grabb RL, Raichel ME, Patho- 
physiological responses to focal cerebral ischemia in 
humans. Ann Neurol. 1984;16:546-552. 

9. Heiss WD, Hayakawa T, Watz AG. Cortical 
neuronal function during ischemia: effects on ocelu- 
sion of one middie cerebral artery on single unit 
activity in cats. Arch Neurol. 1976;33:813-820, 

10. Jones TH, Morawetz RB, Crowell RM, et al, 
Thresholds of focal cerebral ischemia in awake mon- 
keys. J Neurosurg. 1981;54:773-782, 

11, Olsen TS, Larsen B, Skriver EB, Enevold- 
sen E, Lassen NA. Foeal cerebral ischemia mea- 
sured by the intra-arterial xenon method: limita- 
tions of 2-dimensional blood flow measurements. 
Stroke. 1981;12:736-746. 

12. Olsen TS, Friberg L, Lassen NA. Ischemia 
may be the primary cause of the neurological defi- | 
cits in classic migraine. Arch Neurol. 1987:44:156- 
161. 

13. Roland PE, Friberg L. The effect of the 
GABA-A agonist THIP on regional cortical blood 
flow in humans: a new test of hemispheric domi- 
nance. J Cereb Blood Flow Metab. 1988;8:314-328, 

14. Olsen TS, Larsen B, Skriver EB, Herning 
M, Enevoldsen E, Lassen NA. Focal cerebral hy- 
peraemia in acute stroke: incidence, pathophysiolo- 
gy and clinical significance. Stroke. 1981;12:598- 
607. 

15. Friberg L, Olsen TS, Roland PE, Lassen 
NA. Focal ischemia caused by instability of cere 
brovascular tone during attacks of hemiplegic mi- 
graine: a regional cerebral blood flow study. Brain. 
1987;110:917-934. 

16. Friberg L, Olsen TS. Rapid extreme oscilla- 
tions of focal cerebral blood flow during the aura 
phase of migraine. In: Rose FC, ed. New Advances 
in Headache Research. London, England: Smith- 
Gordon & Co Publishers; 1989:163-167. 

17. Janzen R, Tanzer A, Zschocke S, Dieckmann 
H. Postangiographische Spatreaktionen der Hirn- 
gefässe bei Migriine-Kranken. Z Neurol. 1972: 
201:24-42, 

18. Friberg L, Olsen TS, Lassen NA, Cerebro- 
vascular tone instability causing focal ischemia. In: 
Nobin A, Owman C, Arneklo-Nobin B, eds. Neuro- 
nal Messengers in Vascular Function. Amster- 
dam, the Netherlands: Elsevier Science Publish- 
ers; 1987:549-556. 

19. Mowat P, Andrei NL, Maxwell MH. Limita- 
tions of Xe washout technique in estimation of 
renal blood flow. Am J Physiol. 1972:223:682-688. 

20. Ingvar DH, Lassen NA. Cerebral complica- 
tions following measurements of regional cerebral 
blood flow (rCBF) with the intra-arterial "xenon 
injection method. Stroke. 1973;4:658-665. 

21. Connor RCR. Complicated migraine. Lan- 
cet. 1962;1:1072-1075. 

22. Boisen E. Strokes in migraine: report on 
seven strokes associated with severe migraine at- 
tacks. Dan Med Bull. 1975;22:100-106. 

23. Rothrock JF, Walicke P, Swenson MR, Ly- 
den PD, Logan WR. Migrainous stroke. Arch 
Neurol. 1988;45:63-67. 

24. Fisher CM. Late-life migraine accompani- 
ments as a cause of unexplained transient ischemic 
attacks. Can J Neurol Sci. 1980;7:9-12, 

25. Fisher CM. Late-life migraine accompani- 
ments: further experience. Stroke. 1986;17:1083- 
1042. 


Cerebrovascular Instability Friberg & Skyhgj Olsen 1031 





Gangliosides in Cerebrospinal Fluid in 
‘Probable Alzheimer’s Disease’ 


Kaj Blennow, MD, PhD; Pia Davidsson, PhD; Anders Wallin, MD, PhD; Pam Fredman, PhD; 
Carl-Gerhard Gottfries, MD, PhD; Ingvar Karlsson, MD, PhD; 
Jan-Eric Månsson, PhD; Lars Svennerholm, MD, PhD 


è The concentrations of the four major 
brain gangliosides—GM,, GD,,, GD,,, and 
GT,,~—were determined in cerebrospinal 
fluid from 43 patients with “probable Alz- 
-. heimer’s disease” and 19 healthy con- 
trols. Alzheimer’s disease was divided 
into type I (with the memory disturbances 
“and predominant cortical parietal symp- 
toms that are characteristic of Alz- 
heimer’s disease) and type Il (with general 
< cognitive and mild confusional symp- 
--toms, with or without only mild parietal 
symptoms). The GM, concentration was 


: ? significantly higher in patients with Alz- 


heimer’s disease type I than in those with 
Alzheimer’s disease type li and age- 


- -matched controls, but did not differ signif- 


icantly between patients with Alzheimer’s 
type Il and age-matched controls. As gan- 
gliosides are enriched in nerve ceil mem- 
branes, preferentially in synapses, the 
findings suggest more severe degenera- 
tion of cortical nerve cells in patients with 
“Alzheimer’s disease type | than in those 
-with Alzheimer’s disease type Il. 
(Arch Neurol. 1991 ;48:1032-1035) 


Izheimer’s disease (AD) is charac- 
terized by progressive dementia 
with memory disturbances and, in typi- 
eal cases, cortical parietal symptoms.” 
The traditional neuropathologic find- 
ings in patients with AD consist of de- 
generation of the cerebral cortex, witha 
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marked loss of neurons and an increased 
number of senile plaques and neurofi- 
brillary tangles compared with nonde- 
mented individuals of the same age.** 
In previous studies in our depart- 
ment, it has been suggested that among 
patients fulfilling the NINCDS- 
ADRDA criteria for “probable AD,” 
two subgroups of patients can be delim- 
ited based on their clinical symptoms: 
AD type I and AD type II." Alz- 
heimer’s disease type I is characterized 
by the classic cortical temporoparietal 
symptoms, low age at onset, low fre- 
quency of concomitant vascular dis- 
eases, normal blood-brain barrier func- 
tion, and low frequency of white-matter 
lesions and has, therefore, been sug- 
gested to constitute “classic” or “pure” 
AD." Alzheimer’s disease type II is 
characterized by less cortical and more 
generalized symptoms of general cogni- 
tive and confusional symptoms, high 
age at onset, high frequency of concomi- 
tant vascular diseases, mildly impaired 
blood-brain barrier function, and high 
frequency of white-matter lesions, sug- 
gesting that a combination of relatively 
mild Alzheimer encephalopathy, age- 
related changes, and vascular changes 
(disease of small blood vessels with 
white-matter lesions) may be involved 
in the pathogenesis of dementia, ie, in 
the production of dementia symptoms, 
in patients with AD type II." 
Gangliosides are sialic acid—contain- 
ing glycosphingolipids that are present 
in all cells of the body.” The concentra- 
tion of gangliosides is highest in the 
brain; in the cerebral cortex, it is about 
three to five times as high as in the white 
matter.°" The four major ganglio- 


sides—GM,, GD,,, GD and GT,,— 
have been found to be most abundant in 
the nerve endings (synaptosomes),*” 
and particular enrichment of the gangli- 
oside GM, has been demonstrated in the 
synaptic junction.” The gangliosides 
are located in the outer layer of the plas- 
ma membrane” and are, to a certain 
extent, released into the intercellular 
space in the course of the normal cell 
surface turnover, a process called “cell 
surface shedding.”” Because the inter- 
cellular space is in direct contact with 
the cerebrospinal fluid (CSF),” the 
shedding of gangliosides is reflected in 
the CSF.” 

In diseases like AD, which are charac- 
terized by progressive degeneration of 
neurons, an increased release of gangli- 
osides into CSF can be expected. There- 
fore, we decided to investigate CSF for 
its content of gangliosides in AD and to 
evaluate their use as indexes of neuro- 
nal degeneration and as biologic mark- 
ers of AD. 


PATIENTS, SUBJECTS, AND METHODS 
Patients 


Forty-three patients with probable AD" 
were included in the study (15 men and 28 
women; 54 to 87 years of age; mean + SD age, 
71.3+8.2 years). All patients underwent a 
thorough clinical investigation, including a 
medical history, physical examination, neu- 
rologic and psychiatric examinations, 
screening laboratory tests, electrocardiogra- 
phy, chest roentgenography, electroenceph- 
alography, and computed tomography of the 
brain. Patients with a history of major psy- 
chiatric or neurologic disorders, alcoholism, 
or major head trauma were excluded, as 
were those with manifest or suspected other 
primary (eg, Pick’s disease, Parkinson's dis- 
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Table 2.— Gangliosides in 
Cerebrospinal Fluid in ‘Probable 
Alzheimer’s Disease’ and in 
Age-Matched Controls” 









































Ganglio- Type i Controis Type it Controls 
sides (n= 12) (n = 10) (n = 10) (n = 9) “Probable 
GM, 32.8 + 14.7 12.0 + 3.3 14.2 + 5.9 10.3 + 4.5 Ganglio- AD” Controls 
GD,, 34.8 + 27.1 216 + 7.4 26.8 + 13.0 19.9 + 86 sides (n = 43) {n = 19) 
GD,, 21.9 + 14.5 26.0 + 12.9 16.3 + 6,7 20.0 + 11.6 GM,t 25.6 + 14.6 11.24 3.9 
GT, 30.8 + 24.4 37.4 + 16.4 26.6 + 13.8 37.3 + 16.0 oo pt t ee ae + ae 
we 2st x Gt ; 
120.3 + 68.6 96.0 + 29.9 83.9 + 31.7 87.6 + 34.2 GT,.§ 294+ 177 374 + 158 
* Values are given as mean + SD nanomoles per liter. Total is equal to GM, + GD,, + GD,, + GT,,. For AD Total 116.2 + 58.0 92.0+ 31.4 


















type | vs AD type il, P < .001; for AD type | vs younger controls, P < .0001. 


ease, and progressive supranuclear palsy) or 
secondary (eg, depression, metabolic distur- 
bances, and toxic effects) causes of dementia. 
Patients with a history of transient ischemic 
attacks or stroke episodes, occurrence of pro- 
nounced vascular factors, or computed tomo- 
graphic scan findings of infarcts were also 
excluded. Thus, the diagnosis of “probable 
AD” was made in accordance with the 
NINCDS-ADRDA criteria,’ ie, after the ex- 
clusion of all other known disorders that 
could account for the dementia. 

The patients fulfilling the NINCDS- 
ADRDA criteria for “probable AD’ were 
divided into two groups—AD type I and AD 
type I]—based on their clinical symp- 
toms. ™™ The AD type I group consisted of 
five men and seven women, aged 54 to 72 
years, with a clinical picture of memory dis- 
turbances together with predominant corti- 
cal parietal symptoms, while the AD type II 
group consisted of three men and seven wom- 
en, aged 69 to 87 years, with memory distur- 
bances, general cognitive symptoms, and 
mild confusional symptoms, but with ab- 
sence of or only mild parietal symptoms, °” 
The importance of adequate matching for se- 
verity of dementia in studies concerning clin- 
ical symptoms in demented patients has been 
emphasized, as the prevalence of brain re- 
gional symptoms is dependent on the sever- 
ity of dementia,” ie, parietal symptoms may 
be absent in mildly demented patients. >” 
For this reason, mildly demented patients 
were excluded from the AD type I and AD 
type II groups. All clinical diagnoses and 
assessments of clinical symptoms were made 
without knowledge of the results of the ana- 
lyses of the ganglioside concentrations in 
CSF and vice versa. 


Controls 


The controls included 13 men and six wom- 
en, aged 55 to 77 years, admitted for minor 
surgery (ie, coxarthrosis and prostate hyper- 
plasia) involving spinal anesthesia. No con- 
trols had histories, symptoms, or signs of 
psychiatric or neurologic disease, malignant 
disease, or systemic disorders (eg, rheuma- 
toid arthritis and infectious disease). The 
cognitive status was evaluated using the 
Mini-Mental State examination.” Individ- 
uals with scores below 28 were excluded. 

As we had found low negative correlations 
between CSF gangliosides and age in a larg- 
er control sample with an age range of 18 to 
85 years (unpublished data), the control 
group was divided into one younger and one 
older group for age matching with the AD 
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type I and AD type IT groups. However, in 
the control group in this study (n= 19; 51 to 
77 years of age), no significant correlations 
were found between CSF gangliosides and 
age (data not shown) and no significant dif- 
ferences were found in CSF gangliosides be- 
tween the younger and older control groups 
(Table 1). 


Methods for CSF Analysis 


Lumbar punctures were performed in the 
L3-4 or L4-5 interspace. A volume of 12 mL 
of CSF was collected in silicone-coated tubes 
and gently mixed to avoid gradient effects. A 
blood sample was taken at the same time. All 
CSF samples with more than 500 erythro- 
cytes per microliter were excluded. 

Quantitative determination of albumin in 
serum and CSF was performed by rocket 
immunoelectrophoresis.” The albumin ratio 
(CSF albumin [in milligrams per liter] divid- 
ed by serum albumin [in grams per liter]) was 
used as the measure of the blood-brain barri- 
er function.” 

Concentrations of gangliosides GM,, GD,,, 
GD,,, and GT, were individually determined 
with an anticholera toxin B subunit mono- 
clonal antibody after chromatography and 
sialidase hydrolysis of GD,,, GD, and GT,, 
to GM, and incubation with cholera toxin B 
subunit on high-performance, thin-layer 
plates.” The sensitivity of this method is 50 
fmol of GM, per liter, the within-run impreci- 
sions are 7% to 9%, and the between-run 
imprecisions are 12% to 14%.” The binding of 
cholera toxin to ganglioside GM, is highly 
specific.” The production and the specificity 
of the monoclonal antibody to cholera toxin B 
subunit have been described previously.” 


Statistical Analysis 


For comparisons between groups, the Wil- 
coxon two-sample test was used for quantita- 
tive parameters and the x’ test for qualita- 
tive parameters. The Spearman Rank 
Correlation Coefficient was used for 
correlations. 

The study was approved by the Ethics 
Committee of the University of Göteborg, 
Sweden. The patients with AD (or their 
nearest relatives) and the controls gave their 
informed consent to participate in the study. 


RESULTS 


The mean age did not differ signifi- 
cantly between patients with “probable 
AD” (n= 48; mean + SD age, 71.3+8.2 
years) and controls (n= 19; mean+SD 
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* Values are given as mean + SD in nanomoles 
per liter. Total is equal to GM, + GD,, + GD,, + GT 
t'‘Probable AD" vs controls, P < .0001. 
"Probable AD” vs controls, P < .005. 
§“Probable AD" vs controls, P < .05. 


age, 67.2 + 8.5 years), between patients ` 
with AD type I (n= 12; mean + SD age, 
64.8+5.3 years) and younger controls 
(n=10; mean+SD age, 61.3+7.3 
years), or between patients with AD 
type II (n=10; mean+SD age, 
78.0+6.1 years) and older controls 
(n= 9; mean + SD age, 73.8 + 2.0 years). 
The severity of dementia did not differ 
between patients with AD type I and 
AD type II, as the groups were matched ` 
for this variable (see “Patients, Sub- 
jects, and Methods” section). The dura- 
tion of dementia did not differ signifi- 
cantly between patients with AD typet 
(6.8+2.4 years) and AD type II 
(5.2 + 3.0 years). 

No significant correlations were not- 
ed between the albumin ratio and the 
total CSF ganglioside concentration in 
patients with “probable AD” (r= — .08) 
or in controls (r = .07), nor did any of the 
four individual brain gangliosides show 
significant correlations with the albu- 
min ratio (data not shown). 

The mean concentrations of ganglio- 
sides in patients with probable AD and 
controls are shown in Table 2. The total 
concentration of the four brain ganglio- 
sides were not found to differ signifi- 
cantly, but there was a changed propor- 
tion of gangliosides between the groups: 
there was an increase in GM, (222%; 
25.6 for “probable AD” vs 11.2 for con- 
trols) and GD,, (188%; 39.0 for “probable 
AD" vs 20.8 for controls) compared with 
controls, while GT,, was decreased 
(79%; 29.4 for “probable AD” vs 37.4 for 
controls). 

When patients with AD type I and 
age-matched controls were compared, 
the difference in the GM, concentration 
was even more pronounced (273%; 32.8 
for AD type I vs 12.0 for controls), while 
the difference in the GD,, concentration 
did not reach statistical significance 
(161%; 34.8 for AD type I vs 21.6 for 
controls) (Table 1). GD, concentration, 
GT, concentration, or the total concen- 
tration of the four gangliosides did not 
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Fig 1.—Individual and mean+SD_ (vertical 
bars) values for cerebrospinal fiuid (CSF) GM, 
concentration in patients with “probable Alz- 
heimer’s disease” (AD) and age-matched con- 
trols. “Probable AD” vs controls, P<.0001. 


AD Younger AD 
Type! Controis Type ll Controls 


Older 





Fig 2.—Individual and mean+SD_ (vertical 
bars) values for cerebrospinal fluid (CSF) GM, 
in patients with Alzheimer's disease (AD) type 
i, AD type ll, and age-matched controls. Pa- 
tients with AD type | vs younger controls, 
P<,0001; patients with AD type | vs patients 
with AD type Il, P<.001; and patients with AD 
type Il vs older controls and younger controls 
vs older controls, not significant. 


differ significantly. The GM, concentra- 
tion was also significantly higher in pa- 
tients with AD type I compared with 
those with AD type IT (231%; 32.8/14.2), 
while GD,,, GD,,, GT and the total 
concentration of the four gangliosides 
did not differ significantly. No signifi- 
cant differences in CSF gangliosides 
were noted between patients with AD 
type II and age-matched controls. 
Figures 1 and 2 show the individual 
GM, values. Most (65%; 28/43) patients 
with probable AD had higher GM, val- 
ues than controls, but there was sub- 
stantial overlap, as 15/43 (85%) of pa- 
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tients with “probable AD” had GM, 
values that were within the range of the 
control values (Fig 1). In the AD type I 
group, one of 12 patients had a GM, 
value that was within the range of con- 
trol values (Fig 2). In contrast, eight 
(80%) of 10 patients with AD type IT had 
GM, values that were within the range 
of control values (Fig 2). 


COMMENT 


Only recently have methods been de- 
veloped to investigate ganglioside con- 
centrations in the CSF of individual pa- 
tients." Consequently, the potential of 
CSF gangliosides to reflect changes in 
the central nervous system ganglioside 
metabolism and degeneration of gangli- 
oside-rich membranes has not been fully 
established. Several studies, however, 
have suggested that CSF gangliosides 
are derived from the central nervous 
system by shedding and thus reflect the 
release of gangliosides from brain plas- 
ma membranes. ”™™ The absence, found 
in our study, of a correlation between 
the major CSF gangliosides and albu- 
min ratio supports the conclusion that 
these gangliosides are predominantly 
derived from the central nervous sys- 
tem and not from the serum. This is 
further supported by the finding of a 
different ganglioside pattern in serum 
than in CSF.” 

Our study revealed changes in CSF 
ganglioside concentrations in patients 
with probable AD. Compared with con- 
trols, a marked increase was noted in 
GM, and GD, concentrations. The in- 
crease in GM, concentration mainly oc- 
curred in patients with AD type I, while 
the mean GM, value for patients with 
AD type II did not differ significantly 
from that for age-matched controls. 
These findings support the relevance of 
the division of “probable AD” into two 
types. 

The concentration of gangliosides is 
three to five times as high in the cortex 
as in the white matter.’ The brain gan- 
gliosides are preferentially located to 
neurons,“ but their subcellular loca- 
tion in the neurons is insufficiently 
known. Some investigators claim that 
the four major gangliosides—GM,, 
GD,,, GD,,, and GT,,—are most abun- 
dant in the nerve endings (synapto- 
somes), while others claim that they 
are distributed over a major portion of 
the neuronal surface.“ Among the 
brain gangliosides, the concentrations 
of GM, and GD, are known to increase 
during the phase of outgrowth of axons 
and synaptogenesis in the development 
of the brain, suggesting a relation be- 
tween synapses and GM, and GD, gan- 
gliosides.* GM, has also been shown to 
be enriched in the synaptic junction." 


Thus, one possible explanation for the 
increase in GM, and GD,, concentrations 
may be that it reflects the severe degen- 
eration of cortical nerve cells and synap- 
ses in “probable AD,” preferentially in 
the (younger) AD type I group. Several 
postmortem studies have shown that 
the cortical neuronal loss is greater in 
younger than in older patients with 
AD.** However, the increase in CSF 
GM, concentration in the younger AD 
type I group is not attributable to age 
differences, as no difference in CSF GM, 
was noted between the older and youn- 
ger control groups and no increase in the 
older AD type II group compared with 
age-matched controls. The difference in 
CSF GM, concentration between the 
AD type I and AD type IT groups is not 
caused by different severity of demen- 
tia, as the groups were matched for this 
parameter (see “Patients, Subjects, and 
Methods” section). 

Among the gangliosides, GM, was 
found to have the highest discriminative 
capacity between groups. Although the 
GM, concentration was considerably 
higher in patients with “probable AD” 
than in controls, there was substantial 
overlap (Fig 1). However, the concen- 
tration of GM, in CSF discriminated pa- 
tients with AD type I from controls, as 
well as from patients with AD type II: 
only one (10%) of 10 controls and two 
(20%) of 10 patients with AD type IT had 
CSF GM, values within the range of the 
AD type I group. These findings sug- 
gest that GM, may be a biologic marker 
of pure AD (AD type I). Further studies 
are needed to elucidate the potential of 
CSF GM, concentration as a biologic 
marker for AD type I. Our intention is 
to further investigate its sensitivity in 
studies on larger patient and control 
samples and its specificity in studies in- 
cluding patients with diseases, such as 
Pick’s disease, that are also character- 
ized by neuronal and synaptic degenera- 
tion. Preliminary results of studies on 
vascular dementia reveal low CSF GM, 
values, comparable with those in pa- 
tients with AD type IH and in controls. 
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Paired Associate Learning in Senile Dementia 
of the Alzheimer Type 
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e A study was conducted to examine the 
potential explicit learning ability in senile de- 
mentia of the Alzheimer type (SDAT) as a 
function of (1) the difficulty of the to-be-re- 
membered material and (2) the severity of the 
dementia. The Associate Learning task from 
the Wechsler Memory Scale was adminis- 
tered to healthy older adults and individuals 
with questionable, mild, and moderate SDAT. 


me Individuals with SDAT showed poorer learn- 


ing performance across trials than healthy 
older adults. Individuals with questionable 
and mild SDAT did show evidence for learn- 
ing across trials for highly related paired as- 
sociates. For unrelated-paired associates, 
however, only individuals with questionable 
SDAT showed some evidence for increased 
learning across trials. 
(Arch Neurol. 1991;48:1038-1040) 


Memry loss is a hallmark clinical 

symptom of the mild stages of se- 
nile dementia of the Alzheimer type 
(SDAT). Previous articles from the 
Washington University Memory and 
Aging Project have revealed a marked 
memory deficit associated with SDAT 
on a variety of psychometric measures.“ 
Although it is clear that the overall 
memory performance of patients with 
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SDAT is impaired compared with 
healthy older adults, it is not entirely 
clear whether patients with SDAT can 
demonstrate any learning across trials. 

There is some evidence for learning in 
SDAT with implicit memory tasks in 
which the prior experience with the task 
facilitates performance without having 
to consciously recollect the prior experi- 
ence. It has been reported that individ- 
uals with SDAT benefit as much as 
healthy older adults from the repeated 
exposure to items in a mirror reading 
task‘ and a semantic priming task.’ Peo- 
ple with SDAT also demonstrate implic- 
it learning of motor tasks. For example, 
Knopman and Nissen’ reported that pa- 
tients with SDAT demonstrated learn- 
ing of a repeated motor sequence across 
blocks of trials. Also, Heindel et al’ 
found nearly identical learning curves 
for healthy older adults and patients 
with SDAT in a pursuit-rotor task. 

The memory performance deficit as- 
sociated with SDAT across many psy- 
chometric measures, hawever, involves 
explicit memory such as recall and rec- 
ognition tasks. Individuals with SDAT 
exhibit large deficits in explicit memory 
tasks, but relatively little attention has 
been paid to explicit learning in SDAT. 
In the mild stages of the disease, indi- 
viduals exhibit a typical U-shaped serial 
position curve. That is, items from the 
beginning (ie, primacy) and end (ie, re- 
cency) of the list are better recalled than 
items from the middle of the list. It has 
been argued that the primacy effect re- 
fleets long-term memory processes, 
whereas the recency effect reflects 
short-term memory processes.’ Thus, 
at least in the early stages of SDAT 
there is some evidence that material can 
be stored in a more durable long-term 


store. As the severity of the disease 
increases, however, the primacy effect 
diminishes followed finally by a loss of 
the recency effect." 

Other studies have examined the ac- 
quisition of new information by focusing 
on the learning curves of patients with 
SDAT across trials. ®” In both studies 
patients with SDAT exhibited a rela- 
tively flat learning curve. Little et al” 
reported that individuals with SDAT 
were able to retain paired associates 
over a 2-month interval, yet showed no 
evidence for increased retention across 
testing. Thus, unlike the implicit memo- 
ry tasks, there appears to be little evi- 
dence for learning across trials in explic- 
it memory tasks. It is possible, 
however, that individuals with SDAT 
can learn new information as a function 
of different task requirements. 

The purpose of our study was to ex- 
amine the potential explicit learning 
ability in SDAT as a function of (1) the 
difficulty of the to-be-remembered ma- 
terial and (2) the severity of the demen- 
tia. This was performed using the Asso- 
ciate Learning subtest from the 
Wechsler Memory Seale,“ which in- 
volves the learning/retention of both 
easy and difficult paired associates 
across three trials. The task was admin- 
istered to healthy control subjects and 
individuals with questionable, mild, and 
moderate SDAT. There have been pre- 
vious articles of summary scores from 
this subtest with portions of the sample 
included herein.”*°" 


SUBJECTS AND METHODS 


Participants in the patient registry of the 
Washington University Alzheimer’s Disease 
Research Center, St Louis, Mo, were origi- 
nally screened by physicians for depression, 
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Fig 1.—Mean percent correct recall for easy 
pairs as a function of group and trial. Asterisk 
indicates a statistically significant increase be- 
tween trials. 


severe hypertension, reversible dementias, 
or other disorders or medications that could 
potentially produce cognitive impairment." 
The severity of the dementia was staged ac- 
cording to the Washington University Clini- 
cal Dementia Rating (CDR) scale where 
CDR 0, 0.5, 1, 2, and 3 represent no demen- 
tia, questionable, mild, moderate, and se- 
vere dementia, respectively.’ The label 
“questionable dementia” (CDR 0.5) was ini- 
tially used for individuals with very mild cog- 
nitive impairment such that the clinician was 
unsure whether the impairment would pro- 
gress to SDAT until further longitudinal data 
had been collected. In fact, over time, the 
majority of these individuals clinically pro- 
gressed to more severe stages of SDAT or 
Alzheimer’s disease was verified post mor- 
tem. Thus, these results indicate that the 
CDR 0.5 represents a “very mild” stage of 
SD A veh 

In this analysis, there were 83 individuals 
who had a CDR of 0, 41 who hada CDR of 0.5, 
66 who had a CDR of 1, and 21 who hada CDR 
of 2, Only data from the first time of testing 
were examined for those individuals enrolled 
for longitudinal study. 

The diagnosis and staging of the disease is 
based on a 90-minute examination and inter- 
view with both the participant and a collater- 
al source. The CDR is derived from the phy- 
sicians’ evaluation of the individual's 
cognitive abilities in the areas of memory, 
orientation, judgment and problem-solving, 
community affairs, home and hobbies, and 
personal care. The reliability of the CDR and 
validity of the diagnosis have been reported 
elsewhere in the literature." 

The Wechsler Memory Seale“ was admin- 
istered as the first part of a 2-hour compre- 
hensive psychometric battery that assesses 
various aspects of memory, psychomotor 
performance, and language.** The subtest 
measuring visual memory was omitted. 

The Associate Learning subtest consists of 
a list of 10 paired associates. Six of the pairs 
are easy (le, related) associates (eg, metal- 
iron) and four of the pairs are difficult (ie, 
unrelated) associates (eg, crush-dark), The 
10 pairs are presented in a different order on 
each of three trials. 

All participants were tested individually 
by a trained psychometrician. The test was 
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Fig 2.—Mean percent correct recall for difficult 
pairs as a function of group and trial. Asterisk 
indicates a statistically significant increase be- 
tween trials. 


administered and scored according to stan- 
dard instructions. On the first trial, the list of 
10 pairs was read to the participant. Follow- 
ing the presentation of the list, the psycho- 
metrician read the first word of each pair (eg, 
metal) and the participant was asked to re- 
spond with the word paired with the first 
word (eg, iron). The same procedure was 
followed on the second and third trials. 


RESULTS 


The percent correct recall for each 
person was calculated for easy and diffi- 
cult pairs on each of the three trials. The 
easy and difficult pairs were analyzed 
separately. These data were analyzed 
using a 4 x 3-mixed factor analysis of 
variance. Group (healthy control, ques- 
tionable dementia, mild dementia, mod- 
erate dementia) was the between-sub- 
ject factor and trial (1, 2, or 3) was the 
within-subject factor. 

The data from the easy pairs are pre- 
sented in Fig 1 as a function of group and 
trial. There are four findings to note. 
First, the healthy control subjects over- 
all showed better performance than all 
three SDAT groups. Second, the ques- 
tionable SDAT group showed increas- 
ing performance across trials. Third, 
the mild SDAT group also showed in- 
creasing performance across trials 1 and 
2and a slight increase at trial 3. Fourth, 
the moderate SDAT group showed the 
same level of performance across all 
three trials. 

These observations were supported 
by the following analyses. The overall 
analysis of variance indicated there was 
a significant main effect of group, 
F(@3,207)=78.1, mean square error 
(MSe)=7.41, and trial, F(2,414)= 
71.19, MSe=1.31, and a group x trial 
interaction, F(6,414)=4.48, MSe =.08. 
Post hoc analyses indicated that the 
questionable SDAT group showed a sig- 
nificant increase in performance from 
trial 1 to trial 2, F(,40)=34.23, 
MSe=.81; and trial 2 to trial 3, 





F(1,40)=8.385, MSe=.12. The mild 
SDAT group also showed a significant 
increase in performance from trial 1 te 
trial 2, F(1,65) =30.74, MSe = .66; anda 
slight increase from trial 2 to trial 8, 
F(1,65)=4.14, MSe=.07, P=.05, al- 
though the slope of the learning curve 
was greater for the questionable (13.8) 
than the mild SDAT group (9.35). 

The data from the difficult pairs are 
presented in Fig 2. There are three find- 
ings to note. First, the healthy control 
subjects showed better performance 
across trials than all three SDAT 
groups. Second, the questionable 
SDAT group showed increasing perfor- 
mance across trials. Third, both the 
mild and moderate SDAT groups’ per- 
formance represents a floor effect. 

These observations were supported 
by the following analyses. The overall 
analysis of variance indicated there was 
a significant main effect of group, 
F (8,207) = 73.59, MSe = 6.62, and trial, 
F(2,414) = 66.00, MSe=1.34, and a 
group x trial interaction, F(6,414)= 
37.97, Mse = .77. Post hoc analyses indi- 
cated that the questionable SDAT 
group showed a significant inerease in 
performance from trial 1 to trial 2, 
F(1,40) = 12.56, MSe = .15; and trial 2 to 
trial 3, F(1,40) = 14.87, MSe =.30. 


COMMENT 


The purpose of this study was to ex- 
amine the explicit learning ability in 
SDAT as a function of (1) the difficulty 
of the to-be-remembered material and 
(2) the severity of the dementia. The 
results are straightforward with re- 
spect to both issues. 

It is clear that SDAT individuals 
show poorer learning performance 
across trials than healthy older adults 
even when the to-be-remembered ma- 
terial is relatively easy. However, de- 
spite the overall lower level of perfor- 
mance, individuals with questionable 
and mild SDAT did show evidence for 
increased learning across trials for the 
easy (ie, highly related) paired asso- 
ciates. On the other hand, individuals in 
the moderate stage of SDAT showed a 
relatively flat learning curve across tri- 
als for the easy material. Finally, for the 
difficult pairs, only nondemented indi- 
viduals or those with questionable 
SDAT showed some evidence for in- 
creased learning across trials. Both the 
mildly and moderately demented indi- 
viduals were virtually unable to learn 
any of the difficult pairs across trials. 

This study provides evidence that in- 
dividuals in the milder stages of SDAT 
can benefit from the repetition of mate- 
rial across trials in an explicit memory 
task. As previously mentioned, there is 
literature supporting learning across 
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trials in SDAT for implicit memory 
tasks.**" There is, however, little evi- 
dence for learning in explicit memory 
tasks, such as recall or recognition, 
which require the conscious retrieval of 
information from memory. Bigler et al” 
reported a relatively flat learning curve 
for early-stage DAT patients across five 
trials, although performance did in- 
crease slightly from the first trial 
(March 15) to the last trial (May 15). One 
possible explanation for the failure to 
demonstrate learning in Bigler and co- 
workers’ study may be due to the type of 
task used. Learning was assessed with 
the Rey-Auditory Verbal Learning 
Test,” which involves the free recall of a 
15-item list. It has been argued that free 
recall is a more cognitively demanding 
task than a cued recall task such as a 
paired associate task.* Thus, it is possi- 
ble that individuals with SDAT may not 
show evidence of learning in more cogni- 
tively demanding tasks. 

Our study provides support that indi- 
viduals with SDAT can acquire new in- 
formation that is relatively easy with a 
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less cognitively demanding task, such 
as cued recall. As previously noted, El- 
Awar et al” used a paired associate task 
and still found no evidence for learning 
across 10 trials in patients with SDAT. 
The list, however, contained 10 unrela- 
ted paired associates, which would be 
similar to the difficult pairs in this 
study. Thus, the results of El-Awar and 
coworkers’ study are similar to our find- 
ing that mildly or moderately demented 
individuals do not show evidence for 
learning difficult material across trials. 

In conclusion, individuals in the 
milder stages of SDAT do show evi- 
dence for explicit learning ability when 
the to-be-remembered information is 
“easy” (ie, makes use of well-estab- 
lished associations in memory). On the 
other hand, if the to-be-remembered 
material is more difficult in nature (ie, 
does not make use of existing associa- 
tions), individuals even in the least se- 
vere stages of Alzheimer’s disease show 
little evidence for learning. 

Craik et al“ argued that the magni- 
tude of the memory deficit associated 
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with normal aging depends on the type 
of task and materials used, as well as 
characteristics of the subject popula- 
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_ THE DECISION 
IS YOURS. 











COMPARE. 


THE CASE: A 40-year-old man presented with a 2-month 
history of involuntary muscle contractions of the right arm 
and mild weakness of the left leg. 


Firstthere was CT. Then MRI. , 





Contrast CT scan shows an area of T4-weighted (TR 800/TE 20) unenhanced 
low attenuation in the left parietal lobe. MR image, obtained with a 1.5-T imager, 
A questionable focus of contrast is seen, shows subcortical hypointensity in the left 
but this may represent cerebral cortex. posterior parietal lobe. The surrounding 

. ; . uk sulci appear to be compressec, 
pogas couno Rr Nae Ross. MD, Stanford University Medical Center, but a mass is not clearly appreciated. 
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AND CONTRAST. 


Now, Magnevist- 
enhanced MRI lets 
you see even more. 





T-weighted (TR 800/TE 20) image enhanced with 
~MAGNEVIST® injection reveals two discrete nodules 
(arrows). This nodular enhancement is highly 
suggestive of a primary brain tumor, which was 
confirmed upon biopsy to be an astrocytoma. 


Magnevist 


(Qadopentetate 
dimeglumine 46901 mg/ml) 


a ECTION 
NOTHING LOCATES LESIONS ‘BETTER 


Please see brief summary of prescribing information for 
MAGNEVIST® injection on last page of this advertisement. 














Well toler ated! In clinical trials, the most common adverse reactions reported were headache (8.7%) 
and injection-site coldness/localized coldness (4.8%). The majority of headaches were transient and of mild 
to moderate severity. In clinical trials, 15% to 30% of patients experienced an asymptomatic transient rise in 
serum iron; hypotension and anaphylactoid reactions have occurred in less than 1% of the patierts. The 
safety of MAGNEVIST: injection in patients with hemolytic disorders has not been studied. 


REFERENCE: 1. Data on file, Berlex Laboratories, inc. 





BRIEF SUMMARY 


INDICATIONS AND USAGE 


MAGNEVIST® injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier, MAGNEVIST® injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and cider) to provide contrast enhancement and facilitate visualization of lesions in 
the. spine and associated tissues. There is, however, only limited clinica! experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular 10 a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by godo entetate dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemogiobinopathies has not been studied 


Patients with other hemolytic anemias have not beer adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagai reaction and 
two cases of pallor with dizziness, sweating and nousea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for fhe vasovagal 
reaction which was described as mild by the patient and occurred 


after administration of the drug. Although the relationship of 
gadopentetate amegumne to these events is uncertain, patients 
should be observed for several hours after drug administration. 


PRECAUTIONS - General 


Diagnostic procedures that invoive the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed 


in a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such o seizure 

Since pacopentotote dimegiumine is cleared from the body by glomerular filtration, caution 
should be exercised in patients with severely impaired renal function. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or car- 
diovascular reactions or other idiosyncratic reactions should always be considered (see 
ADVERSE REACTIONS) especially in those patients with a known clinical hypersensitivity. 


Animal studies suggest that gadopentetate dimegiumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. in clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected ond liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, o suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to 

1. inform your physician if you are pregnant or breast feeding. 

2.inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animai studies have been performed to evaluate the carcinogenic potential of 
godopentetate dimegiumine. 


Gadopentetate dimegiumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H JOTI/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 yg/mL. However, the drug did show some 
evidence of mutagenic potential in vive in the mouse dominant lethal ossay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed thet gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmoi/kg, did not cause a significant change in the 
ated rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in mate rats at the 2.5 mmol/kg dose. in female rats o decrease in the number 
of corpora lutea at the 01 mmol/kg dose and the suppression of body weight gain ond 
food consumption at the 2.5 mmol/kg dose were observed. 


In @ separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimegiumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 


PREGNANCY CATEGORY C. 


Gadopentetate dimeglumine has been shown fo retard development slightly in rats when 
given in doses 2 5 times the human dose, and in rabbits when given in doses of 7.5 and 
12.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were notad in either species. 


There are no adequate and well-controlled studies in pregnant wemen. MAGNEVIST® 
Injection should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 

C"4 labelled gadcpentetate dimegiumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the totai dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. itis not known to whakextent MAGNEVIST® 
injection is excre’ed in human milk. Because many drugs ore excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration shculd be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
Safety and efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections} 


ADVERSE REACTIONS 
The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches cre transient and of mild to moderate severity. In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® injection. Injection site 
coldness/localizec coldness is the second most common adverse experience at 4.8% 
Nausea occurs in 3.2% of the patients. 
localized pain, vomiting. paresthesia, dizziness and localized 
warmth occur in iess than 2% of the patients. 


æ ® The following additional adverse events occur in less than 1% 
nevist of the patients: 
Body as a Whole: Injection site symptoms, namely, pain, warmth, 


burning; localized burning sensation, substernai chest pain, fever, 


uae abode ire pat es (gadopentetate weakness, generalized coldness, localized edema, tiredness, 
after 6-1/2 hours. In a study in normal volunteers one subjec i i 
experienced syncope after arising from a sitting position two hours aimeglumine 469.0) mgf ML) 


chest tightness, regiona! lymphangitis, anaphylactoid reactions 
{characterized by cardiovascular, respiratory and cutaneous 
symptoms). 

Cardiovascular: Hypotension, vasodilation, pcilor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 


INSECTION 


increased salivation 

Nervous System: Agtation, thirst, convulsions (including grand mal). 

Reap ratory System: Throct irritation, rhinorrhea, sneezing, dyspneo, wheezing, laryngismus, 
cou 

skin Rash, sweating, pruritus, urticaria (hives) 

Special Senses: Tinnitus, conjunctivitis, visual field defact, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope, death related to myocardial 
infarction or other undetermined causes. 

Digestive: Constipation, diarrhea 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 

The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
512.5 mmol/kg and in rats it is 1015 mmol. g The LDso of intravenousiy administered 
MAGNEVIST* Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® injection have not been reported. 


DOSAGE AND ADMINISTRATION 

The recommended dosage of MAGNEVIST® injection is 0.2 mL/kg (O1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mi. per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discerded. 








DOSAGE CHART 

Body Weight Dose in Approx Duration of 

(kg) mL injection in Seconds 
10 2.0 20 
20 40 30 
30 6.0 40 
40 8.0 50 
50 10.0 60 
60 12.0 70 
70 14.0 80 
80 16.0 95 
30 18.0 TO 
100 20.0 120 








To ensure complete Ay et of the contrast medium, the injection should be followed by 
a §-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection 

Parenteral products should be inspected visually for particulate matter and discoloration 
prior to odministration, whenever solution and container permit. 


For fuil prescribing information, see package insert. 
Cauticn: Federal Law Prohibits Dispensing Without Prescription 


©1990, Berlex Laboratcries, inc. 
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Monozygotic Twins With Seizures 


Shared Characteristics 


Rosalind A. Segal, MD, PhD; Catherine Chapman, MD; John Barlow, MD+ 


@ Eleven sets of monozygotic twins with 
idiopathic seizure disorders seen at Chil- 
dren’s Hospital, Boston, Mass, were re- 
viewed. Nine twin pairs were concordant for 
seizures. A marked correlation in the precise 
timing of onset of seizures was found; three 
sets of twins had their first clinical seizures 
within a 24-hour period of one another. The 
clinical features of the seizures and the elec- 
troencephalographic patterns, including the 
location of focal discharges, were strikingly 
similar in the twin pairs. The significance of 
these findings in suggesting aberrant pro- 
cesses that may contribute to epileptic syn- 
dromes is discussed. 

(Arch Neurol. 1991 ;48:1041-1045) 


onozygotic twins with epilepsy pro- 
vide an opportunity to delineate 
the genetically determined features of a 
seizure disorder. Lennox’ and others” 
have previously shown that there is a 
high degree of concordance in the inci- 
dence of epilepsy in monozygotic twins; 
this suggests that genetic factors are 
often responsible for an idiopathic sei- 
zure disorder. The characteristics of 
epilepsy that are inherited can also be 
delineated by investigating monozygot- 
ic twins. 

The electroencephalographic (EEG) 
patterns of twins have been compared; 
the striking similarities seen in monozy- 
gotic twins with primary generalized 
seizures imply that certain characteris- 
tie patterns are inherited. Gedda and 
Tatarelli* and Vercelleto and Courjon’ 
have noted the frequent correlation in 





Accepted for publication May 17, 1991. 

From the Department of Neurology, Children’s 
Hospital, Boston, Mass. 

+ Deceased. 

Reprint requests to the Department of Neurol- 
ogy, Children’s Hospital, 300 Longwood Ave, Bos- 
ton, MA 02115 (Dr Segal). 


~ Arch Neurol—Vol 48, October 1991 


the time of onset of clinical seizures in 
sets of monozygotic twins. In this arti- 
cle, we present 11 sets of monozygotic 
twins with idiopathic seizure disorders 
of varying severity. The concordance of 
the clinical seizure manifestations, the 
EEG patterns, and, most strikingly, 
the timing of onset of the first clinical 
seizure implicate genetic determinants 
in these characteristics for both focal 
and generalized idiopathic epilepsy. 


PATIENTS AND METHODS 


Members of the Department of Neurology 
at Children's Hospital, Boston, Mass, were 
asked to submit names of monozygotic twins, 
one or both of whom had been seen in the 
previous 15 years for idiopathic seizures. 
Any patients with seizures due to tumor, 
hemorrhage, known trauma, or with febrile 
seizures only were excluded from this study. 
All patients had been evaluated at Children’s 
Hospital by a staff neurologist. The charts, 
and, when possible, the EEGs and imaging 
studies were reviewed by us. Monozygosity 
was assessed based on the clinical appear- 
ance of the twins, The EEGs were performed 
and reviewed for asymptomatic twins with- 
out charge specifically for this study. 


RESULTS 


Eleven sets of monozygotic twins 
seen at Children’s Hospital between 
1974 and 1989 were evaluated. All these 
represent children with idiopathic epi- 
lepsy. The data are summarized in Ta- 
bles 1 and 2. As shown in Table 1, nine 
(82%) of the twins were concordant for 
seizures. Most impressively, the time of 
onset of seizure disorders was similar in 
the twins. Three sets of twins (30%) had 
their first seizure within 24 hours of one 
another (pairs 1, 2, and 3). Details of 
these three instances of synchronous 
onset are provided below. A fourth fam- 


ily, consisting of a set of triplets, two 
monozygotic twins with epilepsy of near 
synchronous onset, and a dizygotic trip- 
let with no seizure history, is also de- 
scribed in further detail below. The con- 
cordance in time of onset of seizure 
disorders is further emphasized by the 
fact that the mean interval between the 
onset of seizures in cotwins was less 
than 3 months in the eight cases that can 
be analyzed (the twins discordant for - 
seizures, pairs 7 and 10 and pair 5, 
where age of onset was not known, are 
excluded from this calculation), 

The clinical characteristics and the 
EEG patterns of the twins were also 
similar, both for primary generalized 
and for partial seizures (Table 2). Both 
pairs of twins with partial seizures had 
the same location of focal discharges 
(pairs 1 and 2). The medication regi- 
mens that adequately controlled sei- 
zures in the twins were compared as 
shown in Table 2; in six cases the twins 
were treated with the same medica- 
tions. In the two pairs with myoclonic 
seizures, the cotwins were receiving 
different anticonvulsants. 


Pair 1 


These male monozygotic twins were 
born at 36 weeks’ gestation to noneon- 
sanguineous parents of Italian descent. 
Twin B presented at the age of 8 
months, after a seizure in which his eyes 
deviated to the left, and his left arm 
extended upward. The following day, 
twin A had a seizure that was identical 
in appearance. The twins were afebrile. 
Both twins were microcephalie and had 
severe developmental delay. The EEGs 
of both individuals showed hypsar- 
rhythmia; thus, each twin fulfilled the 
three criteria for West syndrome.’ 
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Computed tomographic sean of the head 
and magnetic resonance imaging 
showed mild ventricular dilatation and 
poor gray-white differentiation. 

Both patients were initially treated 
with adrenocorticotropic hormone and 
valproate. There was subsequent im- 
provement in clinical seizure incidence, 
in developmental progression, and in 
their EEGs. As adrenocorticotropic 
hormone was tapered, both twins 
showed a dramatic increase in seizure 
frequency. The EEGs at that time (age 
13 months) showed evidence of a right- 
sided temporal focus in both twin A and 
twin B (Fig 1). They were treated with 
carbamazepine in addition to valproate, 
with a subsequent clear reduction in sei- 


Table 1.—Seizure Onset 


Time interval 

























Age of Between 
Twin First Cotwins’ First 
Pair Seizure Seizures 
1 8 mo <24h 
6y <24h 
3 3.5 mo 4h 
4 5y 10d 
5 <1y Unknown 
6 15 mo; 8 mo 
23 mo 
7 9y Second twin 
seizure free 
8 6 mo; 17d 
7 mo 
9 10 y; 8 mo 
11y 
10 15 mo Second twin 
seizure free 
11 9 mo; imo 


10 mo 


Clinical Seizure Type 





zure frequency. A detailed investiga- 
tion into a possible metabolic or prenatal 
infectious explanation for the patients’ 
clinical condition did not reveal any spe- 
cific cause. 


Pair 2 


Twins A and B were left- and right- 
handed 6-year-old girls, respectively, 
referred to the neurology clinic for eval- 
uation of their seizure disorders. They 
were born after a full-term uncompli- 
cated pregnancy, delivered to a 
23-year-old gravida 1, para 0-2 healthy 
woman by elective cesarean section. 
Twin A weighed 2664 g (5 Ib/14 oz) and 
twin B weighed 2920 g (6 1b/7 oz). Both 
twins had a normal perinatal course, 
and normal subsequent growth and de- 
velopment. At 6 years of age, twin A fell 
and began crying. Her mother stated 
she then became limp, her eyes rolled 
up, and she had clonic movements of the 
upper and lower extremities lasting a 
few minutes. She was brought to a near- 
by hospital. While the parents were reg- 
istering, twin B began to sway, then 
collapsed to the floor, lost conscious- 
ness, and had clonic movements of all 
extremities. The patients were afebrile, 
and laboratory evaluations, including 
complete blood cell count and toxic 
screen, were normal. The EEGs per- 
formed the following day revealed left- 
sided temporal discharges in both girls. 
Neurologic examination was normal. 
The girls were subsequently unavail- 
able for follow-up, and so the results of 
imaging studies and their further clini- 


EEG 





cal course are not known. 
Pair 3 


These patients were monozygotic 
twin girls, the 38-week gestation prod- 
ucts of an uncomplicated pregnancy toa 
gravida 2 mother. They were delivered 
by cesarean seetion, and had a normal 
perinatal course. At 3.5 months of age, 
twin A had a generalized tonic-clonic 
seizure. A second seizure, 2.5 hours 
later, was also generalized tonic-clonic 
activity, with a possible right-side focal 
onset. Four and a half hours after twin 
A’s first episode, while twin A was be- 
ing evaluated in the emergency depart- 
ment, twin B had a generalized tonic- 
clonic seizure. Twin B had a second 
generalized seizure shortly thereafter. 
Neither patient was febrile nor was 
there any evidence of intercurrent ill- 
ness. Evaluation revealed normal elec- 
trolyte concentrations, biood cell count, 
calcium level, and renal function. The 
cerebrospinal fluid glucose level, pro- 
tein concentration, and cell count were 
all normal. However, both twins had 
markedly elevated serum alkaline phos- 
phatase levels (3577 and 2400 mU/mL, 
respectively). The combination of sei- 
zures and elevated alkaline phosphate- 
mia suggested the possibility that these 
girls had a variant of Mabry’s syn- 
drome, which has been reported as a 
familial syndrome of hyperphosphata- 
sia, seizures, and mental retardation. 
Unlike the family reported by Mabry et 
al, the twins were intellectually normal. 
Electroencephalograms and computed 





Response to Anticonvulsants 





























































1 Myoclonic / atypical absence At 8 mo, generalized burst suppres- ACTH-I, Vaiproic acid-IV, Carba- 
sion; at 13 mo, right temporal focus mazepine-lll 
2 Complex partial with secondary gener- Left temporal discharges Unknown 
alization 
3 Generalized tonic-clonic Both normal Phenobarbital-1 
4 Generalized tonic-clonic and atypical Frequent bursts of irregular spike and Valproic acid-! 
absence wave 
5 Myoclonic Photoparoxysmal response te strobe Clonazepam-l for twin A; Valproic acid-i 
for twin B 
6 Myoclonic Multifocal polyspike and wave with pho- Clonazepam-l, twin A; 
toparoxysmal response to strobe Clonazepam + Phenebarbital-I, twin 
B 
7 Tonic—twin A only Twin A, norma! (age 9 y); twin B, No treatment 
bursts of generalized spike and wave 
(age 9 y) 
8 Twin 8— partial with secondary gener- Bursts of spike and slow wave Phenobarbital + Diphenythydantoin-Ill 


alization; twin A—generalized tonic- 





















* EEG indicates electroencephalogram; |, seizure free with or without aura for 1 year or more; Hf, no more than one seizure per year; Ill, worthwhile reduction in seizures 


clonic 
9 Generalized tonic-clonic Generalized spike and wave with pho- 
toparoxysmal response to strobe 
10 Generalized tonic-clonic twin B only Both normal (twin B at 15 mo, twin A at 
3y) 
11 Generalized tonic-clonic Both normal 





























Diphenylhydantoin-! 





Phenobarbital-I, twin B; twin A not 
treated 





Mephobarbital + carbamazepine-|, twin 
A; il, twin B 


(greater than or equal to 90% improved); IV, no worthwhile reduction in seizures; and ACTH, adrenccorticotropic hormone. 
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Fig 1.—Portions of electroencephalograms from pair 1. Twin A (left) and twin B (right) at 16 months of age. Both children were 
receiving valproate alone at the time of these electroencephalograms. A right temporal spike-wave complex with phase reversal 
over T, is demonstrated in both cases. 


tomographic scans of the head were nor- 
mal in both twins. The patients were 
treated with phenobarbital for the next 
year, during which time they had no 
subsequent seizures. 


Set 4 


These children were products of a 
3l-week, triple-gestation pregnancy, 
born to a 30-year-old gravida 1 mother. 
The triplets consisted of monozygotic 
twin girls, weighing 1502 (8 Ib/5 oz) 
(twin A), and 1445 g (3 Ib/3 oz) (twin B), 
and a dizygotic triplet boy, weighing 
1247 g (2 1b/12 oz). Their neonatal course 
was notable for the fact that twin B had 
an aspiration pneumonia at 3 weeks of 
age. Subsequently, the growth and de- 
velopment of the triplets was within 
normal limits. 

When twin B was 5 years old, she was 
found on the floor unresponsive, and 
incontinent of urine. An EEG showed 
generalized spike and wave activity; 
ethosuximide was prescribed (Fig 2). 
Ten days later, twin A was discovered 
by her sister, lying on the floor with her 
eyes rolled back, and making pursing 
movements of her lips. This episode 
lasted 2 minutes. An EEG also showed 
bursts of generalized spike and wave 
activity (Fig 3), and treatment with 
ethosuximide was started. Both twins 
were afebrile at the time of the seizures. 

Magnetic resonance imaging studies 
of twin A showed prominent perivascu- 
lar spaces in deep and subcortical white 
matter. Images of twin B showed dis- 
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crete echodense signals in periventricu- 
lar white matter. The relationship of 
these nonspecific abnormalities to the 
twins’ generalized seizure disorder is 
not clear. Both twins had further atypi- 
cal absence and tonic-clonic seizures. 
Therefore, treatment with valproate 
was begun, with subsequent resolution 
of clinical seizures. The third, dizygotic 
triplet never had any clinical seizures; 
an EEG was within normal limits. 


COMMENT 


The importance of genetic factors in 
the cause of idiopathic seizures has been 
recognized as long as convulsions have 
been viewed as a medical illness.’ The 
precise abnormalities that result in ge- 
netic seizure disorders are only defined 
in a very small percentage of cases. One 
approach to understanding the genetic 
causes of diverse seizure types is to de- 
fine the aspects of a seizure disorder 
that are shared by monozygotic twins 
with epilepsy. While this does not define 
precise molecular defects that result in 
epilepsy, it provides clues as to the ab- 
errant processes that can contribute to 
this disorder. 

The series of monozygotic twins pre- 
sented here adds to previous surveys of 
twins with seizures. In this article, 11 
sets of monozygotic twins in which one 
or both twins had nonfebrile, idiopathic 
seizure(s) were surveyed. In the case of 
nine sets of twins, both patients had at 
least one seizure. This very high concor- 
dance rate of 82% is similar to previous 


studies. Furthermore, in pair 7, one of 
the two instances where one twin has 
had a seizure and the other has not, the 
asymptomatic twin had an abnormal 
EEG, with bursts of generalized spike 
and wave activity, while the symptom- 
atic twin had a normal EEG. This find- 
ing suggests that the “non-epileptic” 
child shares his twins propensity for 
seizures, and that the actual concor- 
dance rate is probably greater than 
82%. 

Studies of monozygotic twins carried 
out over the last 50 years have shown 
that 60% to 94% of twins share the 
propensity for seizures’‘; we report a 
rate of 82%. Since the retrospective 
study presented here depends on elini- 
cians’ memories of twins they have 
treated, the pairs presented could be 
biased in favor of twins concordant for 
seizures. However, the concordance 
rate found in this study agrees with pre- 
vious studies that do not suffer from this 
potential bias.'’ This implies that this 
bias is unlikely to be of major signifi- 
cance. The concordance rate in dizygot- 
ic twins was not investigated here, but 
has been previously shown to be consid- 
erably lower, at 23.8% in one study.’ Set 
4, with monozygotic girls, both with sei- 
zures, and a dizygotic boy without a 
seizure disorder demonstrates well the 
higher concordance in monozygotic 
twins. The fact that there is such a high 
rate of concordance in monozygotic 
twins emphasizes the major role of ge- 
netics in idiopathic epilepsy. 
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Fig 2.—Portion of electroencephalogram from set 4, twin A, at 5 years of age. Note generalized 
spike and wave activity. ECG indicates electrocardiogram. 


While documenting the high concor- 
dance for seizures in monozygotic twins 
is important for underlining the major 
role of genetics in idiopathic seizures, an 
assessment of other features of the 
twins’ seizures may help identify abnor- 
malities that can result in seizures. In 
our series, the monozygotic twins share 
not only the propensity for seizures, 
they also display similar seizure types, 
and have similar EEGs. In all sets, 
whether the seizures were focal (e, 
pairs 1 and 2) or generalized, the clinical 
presentations were similar in each set of 
twins. The EEG patterns, whether gen- 
eralized or focal, were also strikingly 
similar. In both of the pairs where there 
was a focal area of discharge, the loca- 
tion of the focal abnormality was the 
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same (Fig 1). 

Previous authors have investigated 
the similarity between the seizure types 
and the EEG patterns in epileptic 
twins. Seizure manifestations are simi- 
lar in 70% to 100% of twins with primary 
generalized seizures— whether tonic- 
clonic, absence, or myoclonic. ™ One of 
the pairs presented here (pair 1) also 
demonstrates the concordance of sei- 
zure type in twins with infantile spasms 
and West syndrome. There is one previ- 
ously documented pair of identical 
twins, both of whom had infantile 
spasms.’ Our series of twins further 
demonstrates that the clinical type of 
generalized seizure is subject to genetic 
control. 

While genetic factors have been 


known to be of importance in general- 
ized seizures for some time, the impor- 
tance of heredity in partial seizures has 
only been recognized more recently, 
with evidence of familial clustering of 
EEG centrotemporal discharges and of 
Rolandic seizures. ®" One study of a sin- 
gle pair of monozygotic twins with par- 
tial complex seizures found that the 
twins shared the seizure manifestations 
as well as the focal discharges on EEG.” 
Our series provides another case of par- 
tial complex seizures in monozygotic 
twins where the clinical and the electri- 
cal abnormalities are strikingly similar 
(pair 2). An additional pair (pair 1) in- 
volves twins with both generalized and 
partial seizures. In these sets, the clini- 
cal manifestations of the partial seizures 
were similar, and the location of focal 
discharges on EEGs were the same (Fig 
1). This series of twins adds to the grow- 
ing recognition of the importance of he- 
redity in partial as well as generalized 
seizures. The fact that the location of 
abnormal electrical discharges is shared 
in twins prompts attention to the role of 
genetics in focal maldevelopment. 

Prior studies of twins with seizures 
have not focused on the response to 
medications or on the degree of control 
achieved. In seven cases in this series, 
seizures were controlled in both twins 
by the same medication regimen. In the 
two pairs with myoclonic seizures, pairs 
3 and 4, clonazepam was initially used 
for therapy. In each family, only one 
twin continued to have seizures, and a 
second medication was added or substi- 
tuted for that twin, with subsequent 
improved control. 

The most striking feature in this se- 
ries of epileptic twins is the frequency 
with which the time of onset was shared 
by the twins. In three pairs (1, 2, and 3), 
the first seizures of the twins were syn- 
chronous, occurring within 24 hours of 
each other. The patients were afebrile 
at the time of their seizures, so a shared 
infection is unlikely to explain this tim- 


_ ing. Furthermore, for all of the twins, 


both of whom had seizures, the onset of 
seizures was within 1 year of each other. 
The mean time between onset of one and 
the other twins’ seizures was 2.3 
months in the eight cases that can be 
analyzed. 

Prior studies of twins with seizures 
have, in general, not compared the age 
of onset in twins. Lennox’ and Vercel- 
letto and Courjon’ each made note of a 
case in which twins had onset of seizures 
within 24 hours of each other. They did 
not, however, discuss the generality of 
this synchrony or its significance. In one 
prior series of 19 monozygotic twins, 11 
sets had their first seizures within 
1 month of each other.’ In only one pair 
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Fig 3.—Portion of electroencephalogram from set 4, twin B, at 5 years of age. Note the generalized 
spike. and wave activity, as in Fig 2. ECG indicates electrocardiogram. 


was the first seizure more than 1 year 
apart; and the mean interval in onset of 
the cotwins seizures was 6.5 months in 
the 18 cases of their series that can be 
analyzed.’ 

The marked synchrony of onset of sei- 
zures in monozygous twins suggests 
that the cause of epilepsy, at least in 
many cases, is likely to be due to a pro- 
cess that continues in a regulated fash- 
ion through postnatal life. Possibilities 
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include myelination, cell death, and syn- 
aptic rearrangements, Myelination con- 
tinues approximately through age 
30 years,” with myelination of the corti- 
cal-connecting fibers a relatively late 
event. Abnormal myelination could ex- 
plain either focal or generalized sei- 
zures. In pair 1, the abnormal gray- 
white differentiation seen in imaging 
studies would be consistent with such an 
abnormality. Postnatal connections can 


change through selective neuronal cell 
death, or through changes in neuronal 
synapses. Abnormal genetic regulation 
of either of these two processes could 
result in the onset of epilepsy at a speci- 
fic age. Further investigation into ge- 
netic control of myelination, cell death, 
and synaptic reorganization is needed to 
determine more of the specific abnor- 
malities that can cause epilepsy. 
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Current hypotheses suggest 


Calcium influx : 
is a key component 
of ischemic injury`“ 





Photomicrograph of depolarized cultured rat hippocampal neuron, showing elevated intracellular 
calcium. Blue represents lowest and gray represents highest concentration of metabolically active 
ionized calcium. 


Ischemia is associated with calcium influx which 
activates phospholipases and degrades neuronal cell membranes’* 


Cerebroselective 
calcium channel blockade may 
protect against ischemic injury 


NIMOTOP modulates calcium influx 
to promote cerebral perfusion and may 
directly protect neurons’? 





Nimodipine-treated cultured rat Cultured rat hippocampal 
hippocampal neuron under neuron showing normal 
depolarizing conditions, showing intracellular calcium$ 


decreased intracellular calcium. 
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BRIEF SUMMARY 
NIMOTOP® (nimodipine/Miles) CAPSULES 
For Oral Use 


INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients 
who are in good neurological condition post-ictus (e.g. Hunt and Hess Grades IHIH). Oral 
Moe therapy should begin within 96 hours of the subarachnoid hemorrhage and continue 
for 21 days. 


CONTRAINDICATIONS 
None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
thage given Nimotop® in clinical studies, abour 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® hased on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function, Such patients should have their blood pressure and pulse rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

‘ory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
~ blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 

» of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
tates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 9l-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 

s Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 de is when administered daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 

` pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg qth in a 50 kg 
patient. 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral ( by 
gavage) doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an increased incidence 
of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryo- 
toxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 

mg/kg/day nimodipine administered by gavage from day 16 of gestation and continued until 
sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses. 
Nimodipine should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus, 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 

| advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorthage 
(11.2%) who were given Rivne sehen The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 

`. are displayed below by dose. 











DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30 mg 60 mg 90 mg 120 mg 

Sign/Symptom (n= 82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Decreased 

Blood Pressure 1(1.2) o 19 3.8) 14(8.1) 2(50.0) 6 (1.2) 
Abnormal Liver 

Function Test 1(4.2) o 2 (0.4) 10.6) 0 741.5) 
Edema 0 9 2 (0.4) 21.2) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3{L7) 0 3 (0.6) 
Ras! 2 (2.4) 0 3 (0.6) 2(12) 0 3 (0.6) 
Headache ð 1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) ð 0 2(12) 0 0 
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DOSE q¢h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mpkg 30mg  GOmg 90mg 120mg 

Sign/Symptom (n= 82) (n=71) (n= 494) (n= 172) (n= 4) (n= 479) 
Nausea 1(1.2 1(1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1(1.2) 0 0 0 0 a 
EKG 

Abnormalities 0 1(L4) 0 10.6) 0 0 
Tachycardia 0 1(1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.e) 0 0 
Muscle Pain/Cramp 0 1 (14) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (14) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
qth, 30 mg q4h or 120 mg qth. Adverse experiences with an incidence rate of less than 1% in the 
60 mg g4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity;lighthead - 
edness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg a4h dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
whe received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism hove been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(6.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (02 o) have been 
reported rarely. 


OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symp- 
toms of overdosage would be expected to be related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine or 
dopamine ma é helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 
DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

Ifthe capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
a hole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient’ in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 
Crax- Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
and heart rate. 


MA 


MILES 


Manufactured by: Miles Inc. 
Pharmaceutical Division 





Encapsulated by: R.P. Scherer North America 
Division of R.P. Scherer Corp. 


400 Morgan Lane Clearwater, FL 33518 

West Haven, CT 06516 
PD100667 1/89 BAY e 9736 5202-7-A4J.5.-1 0703 
© 1989 Miles Inc. Printed in USA 


ena pea rn nine pins 
REFERENCES: i. Gelmers H}. The role of calcium and the significance of calcium antagonists 
in some neurological and neurosurgical diseases. Clin Neurol Neurosurg, 1983,85:213-224. 
2. Siesjä BK. Calcium, ischemia, and death of brain cells. Ann NY Acad Sci. 1988;522:638-661L 
3. Hoff IT. Cerebral protection. ] Neurosurg. 1986;65:579-591. 4. Hubschmann OR. The role of 
calcium in parenchymal cell injury in subarachnoid haemorrhage. Neuroleg Res. 1987;9:265-269. 
5. Scriabine A, van den Kerckhoff W. Pharmacology of nimodipine. A review. Ann NY Acad Sci. 
1988;522:698-706. 6. Petruk KC, West M, Mohr G. Nimodipine treatment in por-grade 
aneurysm patients. Results of a multicenter double-blind placebo-controlled trial. J Neurosurg. 
1988,68:505-517. 7. Uematsu D, Greenberg JH, Hickey WF, Reivich M. Nimodipine attenuates 
h increase in cytosolic free calcium and istologic damage following focal cerebral ischemia 
and reperfusion in cats. Stroke. 1989;20:1531-1537. 8. Data on file, Miles inc. 

Miles Inc. 

400 Morgan Lane 

West Haven, CT 06516 


NO9100 


Tremor at Onset 


Predictor of Cognitive and Motor Outcome in Parkinson’s Disease? 


Linda A. Hershey, MD, PhD; Brian J. Feldman, MD; Kye Y. Kim, MD; Chris Commichau; David G. Lichter, MD 


@ We examined 46 male patients with idio- 
pathic Parkinson's disease to see whether 
tremor at onset was as useful a predictor of 
benign clinical outcome as tremor predomi- 
nance after several years. When we com- 
pared patients with tremor at onset (n = 27) 
with those whose disease began with brady- 
kinesia/rigidity (n=9), or gait disorder 
(n= 10), we found no significant differences 
after a mean of 7 years in motor, cognitive, or 
affective status. Sixteen of the tremor-onset 
patients continued to have tremor predomi- 
nance with minimal gait disorder after about 
7 years. These tremor-predominant patients 
had significantly better motor outcome and 
somewhat better cognitive outcome than ei- 
ther tremor-onset patients who subsequent- 
ly developed gait disorder (n = 11) or patients 
without tremor at onset (n = 19). Tremor pre- 
dominance after several years appears to be 
a better predictor of a benign clinical course 
of Parkinson’s disease than tremor at onset. 

(Arch Neurol. 1991;48:1049-1051) 


atients with Parkinson’s disease 
(PD) who continue to have tremor 
predominance after 2 to 7 years have 
been found to develop less motor and 
functional impairment than those with 
predominance of rigidity, bradykinesia, 
or gait disorder. ™* This finding has been 
used to argue the possibility of two sub- 
types of PD, with differences in under- 
lying pathophysiologic features. Huber 
and others’ suggested that patients 
with tremor at onset be compared longi- 
tudinally with those whose onset was 
characterized by rigidity, bradykinesia, 
or gait disorder. 

Several studies’**’ have shown that 
cognitive impairment varies inversely 
with tremor severity in PD, while oth- 
ers’ have found a positive correlation. 
In one large cohort of patients with ear- 
ly PD, no significant difference was 
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found when cognitive performance of 
the tremor-predominant group was 
compared with that of the group with 
postural instability and gait disorder.’ 

Depression is seen in 10% to 70% of 
PD patients, ° and it is positively corre- 
lated with motor dysfunction, according 
to some. ™™ Others," however, report 
the lack of correlation between motor 
and affective dysfunction in PD. 

We examined a broad spectrum of PD 
patients to see whether tremor at onset 
was as accurate a predictor of good mo- 
tor outcome as was tremor predomi- 
nance after several years. We also as- 
sessed the cognitive and affective status 
of these patients, looking for correla- 
tions with tremor predominance. 


PATIENTS AND METHODS 
Patients 


Forty-six men over the age of 40 years 
with idiopathic PD gave written informed 
consent to participate in this study soon after 
they were enrolled in a newly established 
Movement Disorders Clinic at the Buffalo 
(NY) Department of Veterans Affairs Medi- 
cal Center. The diagnosis of PD was based on 
the presence of at least two cardinal signs 
according to the criteria of Hoehn and Yahr. 
At the time of enrollment, we inquired about 
the age and primary symptom at onset of PD 
(tremor, rigidity, bradykinesia, or gait disor- 
der). Excluded were patients with (1) expo- 
sure to neuroleptics, reserpine, or 1-methyl- 
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP); 
(2) a history of encephalitis; (3) signs of pro- 
gressive supranuclear palsy, Shy-Drager 
syndrome, olivopontocerebellar atrophy, or 
stroke; (4) psychosis or dementia prior to 
onset of PD; or (5) alcohol/drug abuse within 
the last 5 years. 


Treatment 


Thirty-seven of the 46 patients were being 
treated with carbidopa/levodopa, with or 
without adjunctive therapies such as bromo- 
criptine (n=21), amantadine hydrochloride 
(n=19),  trihexyphenidyl hydrochloride 
(n=3), or diphenhydramine hydrochloride 
(n=2). Six patients received amantadine 
without levodopa; one had diphenhydramine 
alone and two did not yet need pharmacoth- 
erapy. Two patients had had essential trem- 
or for several years prior to the onset of PD 
and were receiving primidone in addition to 
carbidopa/levodopa and bromocriptine or 
amantadine. One patient was treated with a 
standard therapeutic dose of amitriptyline 


for his depression (150 mg/d), while three 
others received lower doses (50 mg/d). Pa- 
tients were stabilized using doses of antipar- 
kinsonian therapy that seemed optimal for 
them for at least 1 month prior to enrollment 
into this study. 


Clinical Assessment 


Severity of parkinsonism was graded by 
the 0 through 5 functional staging system of 
Hoehn and Yahr* and a modified Columbia: 
scale,” where each of 12 parkinsonian signs 
(dysarthria, facial masking, rest tremor, 
postural tremor, rigidity, bradykinesia, fin- 
ger-tap frequency, foot-tap frequency, rising 
from a chair, posture, postural instability, 
and gait disorder) was rated on a 0-through- 
4-point scale. Ability to perform activities of 
daily living was assessed by asking the pa- 
tients spouse or next of kin the 10 questions 
of the Barthel Index.” Total scores on this 
measure varied from 0 (totally dependent) to 
100 (totally independent). 


Cognitive Assessment 


The presence of dementia was determined . 
using the Diagnostic and Statistical Manual 
of Mental Disorders, Third Edition, Revised 
(DSM-IH-R) criteria.” Severity of cognitive ` 
dysfunetion was estimated using the 30- 
question Cognitive Capacity Screening Ex- 
amination of Jacobs and others,” on which 
the potential range of scores was 0 (no cor- 
rect answers) to 30 (perfect. score). A Cogni- 
tive Capacity Screening Examination score 
of 20 or less has been correlated with the 
presence of dementia by DSM-III criteria in 
PD patients as well as in those with other 
neurodegenerative disorders.” Severity of 
cognitive impairment was also assessed by’ 
interviewing the patients’ surrogate with the 
10-question Functional Activities Question- 
naire of Pfeffer and others,” on which the 
potential range of scores was 0 (no functional 
impairment) to 30 (total dependence on oth- 
ers). On this scale, the cut-off score for Par- 
kinson’s dementia according to DSM-III eri- 
teria is 12 or more.” 


Affective Assessment 


The presence of major depression or 
dysthymia was determined using DSM-III- 
R criteria.” Severity of depression was grad- 
ed on a scale of 0 (no affective symptoms) to 
62 (most severe symptoms), using the 21- 
item Hamilton Rating Scale for Depression.” 
Patients rated the severity of their own af- 
fective symptoms on the 20-question Zung 
Self-Rating Seale,” on which raw scores 
ranged from 20 (no affective symptoms) to 80 
(most severe symptoms). 
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Statistical Analysis 


We used analysis of variance to compare 
means of continuous variables in the three 
symptom-onset groups. Comparisons of or- 
dinal data (Hoehn and Yahr stages) from the 
three groups were performed with the Krus- 
kal-Wallis test. Results in Tables 1 through 4 
were expressed as the mean +1 SD, 


RESULTS 


Twenty-seven patients experienced 
tremor as the earliest symptom of their 
PD; nine noted rigidity or bradykinesia, 
and 10 complained of gait disorder at 
onset. Patients ranged in age from 43 to 
77 years (mean age, 68.0 years) at the 
time of examination, while age at onset 
ranged from 25 to 75 years (mean age, 
59.9 years). Neither age at disease on- 
set nor age at examination differed sig- 
nificantly among the three symptom- 
onset groups (Table 1). 

The groups did not differ with respect 
to total years of education (mean, 11.8 
years; range, 5 to 19 years) or duration 
of parkinsonism (mean, 8.1 years; 
range, 1 to 35 years). The range of daily 
doses of levodopa was from 200 to 1500 
mg/d (mean dose, 705 mg/d). There was 
atrend for the mean daily levodopa dose 
to be lower in the group with tremor at 
onset, but between-group differences 
were not statistically significant (Table 
1), neither were there significant differ- 
ences in mean daily doses of bromocrip- 
tine or amantadine. 

Patients in this study encompassed a 
broad spectrum of Hoehn and Yahr 
stages (mean, 3.0; range, 1 to 4). When 
motor and functional outcome measures 
were compared among the three symp- 
tom-onset groups, no significant differ- 
ences were found (Table 2). There were 
also no significant differences in mea- 
sures of cognitive and affective status 
(Table 2). Three patients with tremor at 
onset met DSM-III-R criteria for de- 
mentia by the time of enrollment. These 
three had also developed a significant 
gait disorder. Two patients whose PD 
had begun with rigidity and two with 
gait disorder also met the criteria for 
dementia. 

Patients were regrouped according to 
historical information about symptoms 
at onset and objective findings at the 
time of enrollment. Those with tremor 
at onset were divided into two groups. 
One group of 16 patients with tremor at 
onset still had tremor predominance at 
the time of examination (gait scores, °/1 
to 1/4), Another group of 11 patients had 
had tremor at onset, but their gait 
scores were 7/3 to °/4 by the time of en- 
rollment. Data from the 19 patients 
whose disease had begun with rigidity, 
bradykinesia, or gait disorder were 

fer.this comparison (Table 3). 






vol— Vol 48, October 1991 


Tabie 1.—Clinical Features According to Symptom at Onset 


Symptom at Onset 


ene ee, 


























Clinical Rigidity or Gait 
Feature Tremor Bradykinesia Disorder 
27 9 10 
Age at examination, y 67.7 + 7.2 68.8 + 5.8 68.0 + 5.2 
Age at onset, y 60.5 + 9.0 57.1 + 8.6 60.7 + 4.3 
Education, y 119+ 28 12.14 3.4 11.0 + 2.4 
Duration of disease, 

y 7.24 6.2 11.7 + 9.8 7.3 t34 
Levodopa dose, mg 589 + 274 881 + 386 794 + 396 
Bromocriptine dose, 

mg 9.0 + 3.2 10.8 + 6.3 12.0 + 10.5 
Amantadine dose, 

mg 240 + 52 250 + 71 275 + 50 





Outcome 


Measure* Tremor 








ameen ee, 


Symptom at Onset 





Rigidity or Gait 
Bradykinesia Disorder 








27 









Hoehn and Yahr stage 






























(0-100) 9141.1 + 16.5 


HRSD (0-62) 11.8 + 7.3 
+ 


(0-5) 2.8 + 0.7 3.2 + 0.7 
Columbia Scale 

(0-48) 15.9 + 6.2 17.2 + 6.7 
Barthel index 


+t 16.1 
CCSE (0-30) 23.8 + 4.8 22.8 + 4.7 23.5 + 4.5 
FAQ (0-30) 3.8 + 5.8 9.6 + 88 7.2 + 8.0 


ZSRS (20-80) 45.5 + 20.7 59.4 + 30.2 56.1 + 24.1 


* CCSE indicates Cognitive Capacity Screening Examination; FAQ, Functional Activities Questionnaire; HRSD, 








84.4 = 18.4 84.0 


E 
14.0 + 8.3 13.3 + 5.5 
+ 


Hamilton Rating Scale for Depression; anc ZSRS, Zung Self-Rating Scale. Numbers in parentheses indicate po- 


tential ranges of scores. 


Table 3.—Clinical Features According to Tremor Predominance 


Tremor at 
Onset With 
Tremor 
Predominance 


Clinical 
Feature 





Tremor at 
Onset With 
Eventual Gait 
Disorder 


Rigidity, 
Bradykinesia, 
Gait at Onset 





W 








Age at 
examination, y 


69.0 





Age at onset, y 


61.4 





Education, y 


i ji | it 
it Le fe 


11.1 





Duration of disease, 
y 


7.6 





Levodopa dose, mg 





HiH 
Hih 








Bromocriptine dose, 
mg 

Amantadine dose, 
mg 








These three subgroups did not differ 
with respect to age at examination, age 
at onset, years of education, duration of 
disease, or mean daily doses of antipar- 
kinsonian drugs. 

Tremor-onset patients who continued 
to have tremor predominance after 
about 7 years had significantly milder 
motor function than did the others, ac- 
cording to measures such as the Hoehn 
and Yahr stage, modified Columbia 


r 


7.5 23.4 





225 + 50 


scale, and Barthel Index (Table 4). 
While no significant differences were 
found among the three groups in mean 
Cognitive Capacity Screening Exami- 
nation scores, patients with tremor pre- 
dominance had statistically better cog- 
nitive function as reflected by 
Functional Activities scores (Table 4). 
None of the seven demented patients in 
this series belonged to the tremor-pre- 
dominant group. No significant affec- 
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Table 4.—Outcome Measures According to Tremor Predominance 
















































































“ CCSE indicates Cognitive Capacity Screenin 


Tremor at 
Tremor at Onset Onset Rigidity, 
Outcome With Tremor With Eventual Bradykinesia, 
Measure * Predominance Gait Disorder Gait at Onset 
n 16 11 19 
Hoehn and Yahr stage 
(0-5) 2.5 + 0.6t 3.3 + 0.5 3.2 + 0.8 
Columbia Scale 
(0-48) 12.4 + 3.5¢ 20.6 + 5.8 17.7 
Barthel Index 
(0-100) 96.6 + 6.2§ 83.2 + 23.0 84.2 + 
CCSE (0-30) 25.2 + 2.9 21.7+ 63 na 
FAQ (0-30) 2.1 + 2.2§ 6.3 + 8.2 $ 
HRSD (0-62) 12.9 + 8.7 10.2 + 4.8 13.6 + 
ZSRS (20-80) 45.9 + 22.3 44.8 + 19.1 57.7 + 


















ig Examination; FAQ, Functional Activities Questionnaire; HRSD, 


Hamilton Rating Scale for Depression; and ZSRS, Zung Seit-Rating Scale. Numbers in parentheses indicate po- 


tential ranges of scores. 


tP < .02 by Kruskal-Wallis one-way analysis of variance. 


4P < .001 by analysis of variance. 
§P < .05 by analysis of variance. 


tive differences were found among 
these subgroups, according to the Ham- 
ilton Rating Scale for Depression and 
the Zung Self-Rating Scale scores (Ta- 
ble 4). Ten of the 46 patients satisfied 
the DSM-III-R criteria for major de- 
pression and four met the criteria for 
dysthymia. 


COMMENT 


We found that tremor predominance 
after about 7 years was a statistically 
significant predictor of good motor out- 
come in men with PD, while tremor at 
onset was not. This finding appeared to 
be independent of important variables 
such as age at onset and duration of 
disease. Tremor predominance after 5 
to 7 years has already been shown to be 
associated with a more benign clinical 
course, but these studies did not exam- 
ine symptoms at onset.'* In the DATA- 
TOP cohort, tremor predominance after 
about 2 years was a statistically signifi- 
cant predictor of good motor outcome, 
even though tremor at onset was not.’ 

According to our data, tremor at on- 
set does not necessarily predict good 
cognitive outcome, even though tremor 
predominance after 7 years does. None 
of our 16 tremor-predominant patients 
had developed dementia by the time of 
examination, while three of our tremor- 
onset patients had. Jankovic and others’ 
also reported the lack of correlation be- 
tween cognitive performance and type 
of symptoms at onset, although their 
sample was limited to patients with ear- 
ly PD and excluded those with signifi- 
cant cognitive impairment. Our data 
also agree with those of Huber and oth- 
ers,’ who showed a significant correla- 
tion between tremor predominance af- 
ter several years and good cognitive 
outcome. 
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Neither tremor at onset nor tremor 
predominance appeared to be a good 
predictor of affective outcome in men 
with PD. We also found no significant 
correlation between individual mea- 
sures of motor and affective dysfunc- 
tion. These observations are consistent 
with the findings of others,**” and they 
support the hypothesis that there is a 
pathophysiologic distinction between 
motor and affective dysfunction in PD. 

Anatomical and biochemical hetero- 
geneity in PD has been suggested by 
various autopsy-based studies.“” Fu- 
ture studies using positron emission to- 
mography may show different patterns 
of 18-fluorodopa uptake in tremor-onset 
patients who develop early gait disor- 
der and impairment of cognitive func- 
tion, compared with those who do not. 
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è Tritiated imipramine binding in platelets 
has been used to evaluate serotonin activity 
in depression in previous studies. This arti- 
cle examined this marker as a possible mea- 
sure of central nervous system serotonergic 
activity for depression in patients with Par- 
:. kinson’s disease (PD). The number of bind- 

ing sites was significantly lower in de- 
pressed patients with PD than in a healthy 
control group. Patients with PD who were not 
depressed had lower values than the com- 
“parison group, but this difference was not 
_ Significant. We also found a significant cor- 
relation between the receptor site values in 
_ platelets and cerebrospinal fluid levels of the 

“serotonin metabolite, 5-hydroxyindoleacetic 
acid (r= .59), but this was independent of a 
diagnosis of depression. Receptor site val- 
ues were examined to identify appropriate 
cutoff scores to predict depression in the 
group of patients with PD. A maximum sensi- 
tivity of 50% was achieved with a specificity 

of 64%, Our results strongly support a gener- 
-- alized alteration in serotonin metabolism in 
depressed patients with PD, but tritiated 
imipramine binding in platelets is not a use- 
ful diagnostic tool for depression. 
(Arch Neurol. 1991 ;48:1052-1054) 


Tre “serotonin hypothesis” of depres- 

sion in Parkinson’ disease (PD) is 
based on the evidence of a generalized 
deficiency of serotonin in patients with 
PD and depression. '* The cerebrospinal 
fluid (CSF) concentration of the seroto- 
nin metabolite, 5-hydroxyindoleacetic 
acid (5-HIAA), is reduced in patients 
with PD compared with age-matched 
controls'; levels are even lower in pa- 
tients with depression.’ Serotonin also 
plays a role in depression among indi- 
viduals who do not have PD, since CSF 
5-HIAA levels are lower in depressed 
patients and in suicide victims.” 
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An alternative measure of serotoner- 
gic function is tritiated imipramine CH- 
imipramine) binding, which measures 
presynaptic serotonergic receptor sites 
and has been examined in platelets and 
brain.” Tritiated imipramine binding is 
lower in the platelets of patients with- 
out PD but with depression and is re- 
duced in the brains of depressed pa- 
tients dying of natural causes or suicide 
when compared with the brains from 
those who did not commit suicide.’ How- 
ever, others have found no difference in 
brain or platelet binding between de- 
pressed and nondepressed individ- 
uals." 

Correlations between platelet and 
brain*H-imipramine binding capacity in 
animal studies” suggest that platelet 
binding may reflect central nervous sys- 
tem activity. Although Raisman et al” 
found *H-imipramine binding decreased 
in the brains of patients with PD (in 
whom depression was not assessed), 
earlier reports indicated no difference 
between individuals with PD and con- 
trols." Schneider et al” found platelet 
binding reduced in depressed patients 
with PD. These conflicting studies used 
small groups and the diagnostic infor- 
mation concerning depression was not 
systematically obtained. 

This study sought to examine the re- 
lationship among depression, CSF 5- 
HIAA, and *H-imipramine binding in 
platelets in patients with PD. Second, it 
sought to determine whether *H-imip- 
ramine binding in platelets could be a 
sensitive and specifie marker for de- 
pression in these patients. 


SUBJECTS AND METHODS 
Patient Group 


Seventy patients with idiopathie PD 
(mean age, 66.9+9.1 years) participated in 
this study. The diagnosis of idiopathie PD 
was defined by the presence of at least two of 
the following four features: tremor, gait dis- 
order, bradykinesia, and rigidity. Clinical 
history and other physical symptoms had to 
be consistent with the idiopathic form of the 
disease. Patients were excluded if there was 
evidence implicating another cause for the 
parkinsonism (eg, phenothiazine exposure or 


history of encephalitis) and if they had taken 
any type of antidepressant medication or oth- 
er psychoactive drug in the last 60 days. 
However, patients who were taking dopa- 
mine agonists or dopamine precursors or an- 
ticholinergics for PD were included. The 
type and dose of medication were recorded. 


Control Greup 


This group consisted of 53 age-matched, 
healthy elderly individuals (mean age, 
66.5 + 4.7 years) who were accompanying pa- 
tients to the medical center. This included 
spouses, companions, and significant others 
who were not blood relatives of the patient 
group. These individuals were screened to 
eliminate central nervous system disease, a 
history of major depression or other psychi- 
atric illness, or other life-threatening medi- 
cal illnesses. Individuals were excluded if 
they had taken antidepressant medication 
within the past 60 days. 


Procedures 


After giving informed consent all subjects 
received the following assessments. 

Standardized Medical History. — This in- 
cluded a record of all major medical and neu- 
rologic problems, psychiatric treatment his- 
tory, and current medications. For the 
patients with PD, a detailed history of the 
onset of the disease was taken and all treat- 
ment regimens were recorded. 

PD Severity Ratings. —The Unified Par- 
kinson’s Disease Rating Scale” was used to 
assess the presence and severity of motor 
manifestations. Those items that assess 
mentation, behavior, and mood (items 1 
through 4) were excluded because they were 
measured with alternate instruments de- 
scribed below. The maximum score possible 
on the remaining items is 172, with higher 
scores indicating more severe motor distur- 
bance. The Sehwab and En land” inventory 
of Activities of Daily Living” was used. This 
inventory rates by percentage the degree of 
independence in Activities of Daily Living, 
with 100% referring to total independence 
and 0% indieating the patient is bedridden 
with impairment of vegetative functions. 
The Hoehn and Yahr Scale“ was also com- 
pleted. This six-stage index ranges from 0 
(“no sign of disease”) te 5 (“bedridden or 
wheelchair bound”). 

Mental Status. — The modified Mini-Men- 
tal State Examination was administered to 
assess intellectual function. This modifica- 
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Tabie 1.—Comparison of Depressed and Nondepressed Patients With Parkinson's 
Disease (PD) and Healthy Elderly Volunteers * 


HORS 







Kd 


































Patients with PD 
Depressed 14 17.4 + 4.5+ 1.6 + 1.2 740.9 + 1984 
Nondepressed 56 42+ 3.4 16+ 1.4 862.0 + 352 
Controls 4.0 + 4.2+ 2.14 08 960.3 + 255+ 





*HDRS indicates Hamilton Depression Rating Scale score; Kd, affinity constant; and B,,,,, number of recep- 


tor sites. The total group (patients with PD) was classified as described: depressed, Hamilton Score 12 or more: 


nondepressed, Hamilton Score less than 12. 
tGroups were significantly different (P < .01). 
Groups were significantly different (P < .05). 


tion of the procedure described by Folstein et 
al” includes additional items that measure 
naming, language, and attention and has a 
maximum score of 57. The mean modified 
Mini-Mental State score for healthy elderly 
individuals is 52.5 (+ 4.3).” 

Psychiatric Evaluation.—A standard- 
ized semistructured interview for the Hamil- 
ton Depression Rating Scale (HDRS)" was 
administered. Based on previous findings,” 
those patients with HDRS scores greater 
than 12 were classified as clinically 
depressed. 

*H-Imipramine Binding. —Binding of `H- 
imipramine in platelets was determined us- 
ing the method described by Briley et al” and 
modified by Asarch et al.” 

CSF Studies.—Nineteen of the 70 pa- 
tients with PD participated in an extended 
study of biogenic amine metabolites in CSF. 
These patients were selected because they 
had cognitive or affective complaints and 
were admitted to the General Clinical Re- 
search Center to complete all assessments. 
In addition to the HDRS, psychiatric diag- 
noses for depression were made according to 
the criteria of the Diagnostic and, Statistical 
Manual, Revised Third Edition,” using the 
Structured Clinical Interview” completed by 
a trained interviewer with the patient (and 
an informant when available). 

Lumbar puncture for CSF studies was 
performed after 18 hours of bed rest. Twenty 
milliliters of CSF was obtained for biochemi- 
cal analysis. High-pressure liquid chroma- 
tography with amperometric detection was 
used to measure 5-HIAA and homovanillic 
acid by a method previously described.’ 


Data Analysis 


For “H-imipramine-binding studies, Scat- 
chard analysis was used to determine the 
number of receptor sites (B.,,,) and the affini- 
ty constant (Kd)" for each subject. Tritiated 
imipramine-binding results were correlated 
with demographic and disease severity vari- 
ables. Group mean comparisons were used to 
examine differences in binding measures be- 
tween controls and patients. Pearson corre- 
lations were used to examine the association 
between CSF 5-HIAA measures and platelet 
binding measures. Nonpar ametric tech- 
niques were used to examine the sensitivity 
and specificity” of platelet binding for as- 
sessment of depression in PD. 


RESULTS 


Tritiated imipramine-binding mea- 
sures for the PD group and the control 
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group were initially compared using a t 
test. This comparison yielded a signifi- 
cant difference between the two groups 
(P<.05). Patients with PD were then 
classified as depressed, using an HDRS 
score of 12 or greater for depression, or 
not depressed. The *H-imipramine- 
binding measures for the two PD groups 
and the control group are given in Table 
1. An analysis of variance of the B,,,, 
values yielded a significant F test 
(P<.05) for the comparison of de- 
pressed patients with PD, nonde- 
pressed patients with PD, and the con- 
trol group. Post hoc analysis 
demonstrated significantly lower B, 
values in the depressed patients with 
PD than in the controls. The group 
mean value for the nondepressed pa- 
tients with PD fell between the other 
two groups, but was not significantly 
different from either. Based on effect 
size reported by Schneider et al,” this 
study had sufficient group size to 
achieve 65% power for detecting such a 
difference at the .05 level of sig- 
nificance. 


°H-Imipramine—Binding and 
Disease Severity Measures 


The mean duration of illness in the PD 
group was 8.6 (+2.2) years and the 
mean Unified Parkinson’s Disease Rat- 
ing Seale score was 41.8 (+ 26.1). The 
mean Hoehn and Yahr rating in the PD 
group was 2.7 (+.79), with 39.1% re- 
ceiving a score of 1 or 2 (mild disease), 
48.4% receiving a score of 3 (moderate 
severity), and 12.5% receiving a score of 
4 or 5 (marked severity). The mean 
Schwab and England rating was 68.3% 
(+24.1%) with 23.8% of the patients 
experiencing serious disability, scoring 
below 50%. None of these measures 
were significantly correlated with B. 
or Kd values. 

The mean modified Mini-Mental 
State score in the PD group was 44.7 
(+11.5). This is significantly lower 
(P<.05) than the mean for the control 
group (52.3 + 3.4). However, no signifi- 
cant correlation was noted between this 
measure and B or Kd values. 

Fifty-five (78.6%) patients were tak- 
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Table 2.—Comparison of 
Cerebrospinal Fiuid (CSF) Metabolites 
and Binding Measures in Depressed 
and Nondepressed Patients With 
Parkinson's Disease* 








Patients With Parkinson's 



















Disease 
greenene Nanana, 
Depressed Nondepressed 
{n = 8) {n = 11) 
HDRS 16.1 (7.1)t 6.8 (3.6)t 
CSF &-HIAA 14.2 (6.4) 18.8 (6.8) 
CSF HVA 52.7 (34.3) 30.5 (12.1) 
Kd 1.2 (0.72) 1.5 (0.72) 
Brax 826.9 (253) 904.2 (384) 





*HDRS indicates Hamilton Depression Rating 


Scale; 5-HIAA, 5-hydroxyindoleacetic acid; HVA, ho- 
movanillic acid; Kd, affinity constant; and B,,,,, num- 
ber of receptor sites. Numbers in parentheses are 
SDs. 

+Groups are significantly different (P < .01). 





0 15 30 
CSF Concentration of 5-HIAA, ng/ml. 


Relationship between the amount of 5-hydrox- 
yindoleacetic acid (5-HIAA) in cerebrospinal 
fluid (CSF) and the number of tritiated imipra- 
mine binding sites in platelets of patients with. 
Parkinsons disease. B,,,, indicates numberof 
receptor sites. 


ing parkinsonian medication. The corre- 
lation between the dose of medication 


and the B,,. was not significant 
(r= —.2), 

*H-Imipramine-Binding 

and CSF Measures 


Hight (42%) of the 19 patients who 
had lumbar punctures for the CSF stud- 
ies were diagnosed as having major de- 
pression or dysthymia. They had amean 
HDRS score of 16.1+7.1, which repre- 
sents depression of mild to moderate 
severity, compared with a mean HDRS 
score of 5.8+3.6 in the nondepressed 
patients (P<.05). The CSF 5-HIAA and- 
the “H-imipramine binding values for 
these patients are given in Table 2. A 
significant correlation was noted be- 
tween B „a values and CSF 5-HIAA 
(r=.59; P<.01) (Figure) but not CSF 
homovanillic acid (r=.39; P>.1). The 
Kd values did not correlate with either 
CSF metabolite measure. 

The mean CSF 5-HIAA level in the 
depressed group was lower than in the 
nondepressed group (14.2+6.4 vš 
18.8+6.8 ng/mL). This difference was 
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“not statistically significant, perhaps due 

to our small sample size. Based on our 
previous work,’ it was estimated that 
this study yielded low power for this 
comparison (0.25). 


Sensitivity and Specificity of °H-Imipramine 
Binding for Depression in PD 


The sensitivity and specificity of *H- 
imipramine binding to detect depres- 
sion in PD was examined. A B, cutoff 
value of 800 correctly classified the max- 
imum number of patients; 37 (53%) of 
the 70 patients with PD were correctly 
identified as depressed or not de- 
pressed. This value yielded a specificity 
of 64% and a sensitivity of 50% for de- 
pression among the PD group. 


COMMENT 


This study further supports an alter- 
ation in serotonin in PD. First, “H-imip- 
ramine binding in platelets is reduced in 
patients with PD. A closer examination 
of these patients demonstrates that pa- 
tients with depression and PD have sig- 
nificantly fewer binding sites than con- 
trols. Patients with PD who were not 
depressed had BB,,,, values that fell be- 
tween the controls and the depressed 
group, although they were not signifi- 
cantly different. Second, platelet bind- 
ing values significantly correlate with 
CSF 5-HIAA levels, suggesting that 
this peripheral measure may reflect 
central serotonergic activity. Together, 
these results provide additional evi- 
dence for a generalized serotonergic ab- 
normality that may be associated with 
depression in PD. 

The binding values in this study were 
similar to those reported by Suranyi- 
Cadotte et al," who found no difference 
between patients with PD and a com- 
parison group. However, the sample 
size was much smaller in their study. 
Schneider and coworkers” found a 22% 
decrease in “H-imipramine platelet 
binding in subjects with PD compared 
with controls. Four of the nine patients 
with PD had either major depression or 
dysthymic disorder that may have con- 
tributed to the reported difference, al- 
though this was not systematically ex- 
amined. This study demonstrated a 
10.9% difference in B,,,, values with a 
large group size. 

This work represents the first report 
of a correlation between CSF and plate- 
let measures of serotonergic activity. It 
is usually assumed that CSF markers 
reflect only nonspecific changes in brain 
chemistry, but in suicide victims there 
is a correlation between CSF 5-HIAA 
and °H-imipramine-binding sites in the 
frontal cortex.” In depressed patients 
with PD, Mayberg et al” found lowered 
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metabolism in the caudate and in the 
inferior orbital-frontal cortex, where a 
serotonergic mechanism for this frontal 
hypometabolism has been postulated 
previously.” Significant loss of large 
neurons in the ascending serotonergic 
pathway of the dorsal raphe nucleus and 
decreased serotonin concentrations in 
the projection areas in the frontal cortex 
have also been reported in patients with 
PD.” 

Although pervasive, the serotonergic 
deficit may not parallel deterioration of 
the dopamine system. Our previous 
work indicates no correlation between 
CSF 5-HIAA and variables associated 
with disease severity such as age, motor 
manifestation, or the use of dopamine 
precursors or agonists.” Similarly, this 
study found no association between 
these variables and “H-imipramine- 
binding measures. 

A peripheral marker for depression in 
PD would be useful because symptoms 
of depression and PD may overlap. 
When aB,,,, value was chosen to provide 
maximum correct classification of de- 
pression among patients with PD, the 
specificity and sensitivity of the mea- 
sure were too low to be useful as a 
S Despite this, the decrease in 

Ba in depressed patients with PD and 
the correlation between CSF and plate- 
let measures support a major alteration 
in serotonergic metabolism in PD that 
may explain some of the behavioral 
manifestations of PD. 


This work was supported by federal grant 
AG02802 and by The Parkinsons Disease Founda- 
tion. Dr Sano is a Herbert Irving Assistant Profes- 
sor in Neurology, Columbia University, College of 
Physicians and Surgeons, New York. 
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Manter and Gatz’s Essentials of Clinical Neuroanatomy and Neurophysiology has proven 
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relevance of the major anatomic structures of the nervous system. 

Several new illustrations have refined the anatomic presentation and an expanded index 
enhances its use as a reference source. Also added are chapters on The Physiology of Nerve 


Cells and The Blood Supply to the Brain. 


Another new chapter, Clinical Evaluation of Patients with Neurologic Disorders, provides 
a detailed guide to the neurologic history and examination. This chapter will be especially 
helpful to those initially approaching patients with neurologic disorders and a refresher to 


those desiring a review of this topic. 


Essentials of Clinical Neuroanatomy and Neurophysiology is helpful for board review at 
several levels. The comprehensive yet concise and clearly presented information on this 
subject area lends itself well to review purposes for medical students, graduate students, and 
clinicians approaching board examinations. Few have gotten through without it! 
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Guilty or 
Innocent? 


Collective action by independently 
practicing physicians can violate 
U.S. antitrust laws, and 
physicians must proceed 

very cautiously. 


This may be the most important 
book you'll ever read: 


and Antitrust 
A Guide for Physicians 


Case in point: 


Have you ever discussed your fees with another physician? 


or 


Or shared your feelings about an HMO or PPO plan with other 


MDs in town? Unless the doctors you talked to were your 


partners, you may have violated U.S. antitrust laws and could 


face criminal prosecution. If found guilty of price fixing or 


group boycott, you could be fined, sentenced and stripped of 


your license. 


The American Medical Association, Office of the General 
Counsel, has published this book to help you avoid 
antitrust pitfalls and improve your ability to bargain 
effectively with payors. 


|_To Order, Call Today: 1-800-621-8335 


Price: $5.00 (AMA Members ) 
$7.50 (Non-members) 
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repeated doses Tegretol is metabolized in the liver, After oral admimstravion of 14C-carba- 
mazepine. 72% of the adnmnstered radioactwity was found in the unne and 28% in me 
feces This unnary radioactivity was composed largely of hydroxylated and conjugated 
metaboiites, with only 3% of unchanged Tegretoi Transplacental passage of Tegretol 1$ 
rapid (36 to 60 minutes), and the drug is accurnuiated im tetal tissues, with higher ievels 
found in liver ang kidney than m brain and lungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretol 15 indicated for use as an anticonvulsant drug Evidence supporting 
efhicacy of Tegretol as an anticonvulsant was derived irom achve drug-controtied studies 
that enrolled patients with the following segure types 
4. Partal seizures with complex symptomatology (psychomotor, temporal tobe). Patents 
with these seizures appear to show greater improvement than those with other types 
2 Generalized t mic Seizures (grand mat) 
3, Mixed serzure patterns which inciude te above. or other partial or generahzed 
seizures 

Absence sevzures (petit mat) do not appear fo be controtied by Tegretol (see PRECAU- 
TIONS. Generai) 
Trigeminal Neuralgia; Tegretol is indicated in the treatment of the pain associated witk 
true tngemimat neuralgia 

Beneficial reguits have also been reported in glossopharyngeal neuraigia 

This drug 1s not a ampie analgesic and should not be used for the rehet ot trvat aches ot 
pains 


CONTRAINDICATIONS 
k i shouid not be used sn patients with a history pf previous bone marrow depression 
























theoretical grounds ots use with monoamine oxidase inhibitors is not recommended 
Betore administration o! Tegretol, MAQ inhibitors should be discontinued tor 3 mrumym 
ot fourteen days af situaten permits 


WARNINGS 
Pahents with a history of adverse hematologie reaction to any drug may be particularly at 
DSK 

Severe dermatologic reachons inciuding toxic epiderma! necrolysis (Lyeil’s syndrome) 
and Stevens-Johnson syndrome, nave been reported with Tegretol. These reactions nave 
been extremely rare However. a few fatalities have been reported 

Tegreta’ nas shown mid anticholinerge activity. therefore, patients with mereased 
intsagcutar pressure should be closely observed dunng therapy. 

Because of the relationship of the drug to other treyche compounds the possibility af 
achvahon of a latent psychosis and, in eiderty patents. af contusion or agitation shouid De 
horne it mind 


PRECAUTIONS 
General: Setore inet 
made 

Tegretal shoud be used with cauhon on pahents wth a muaed seizure disorder that 
includes atypical absence smzures. since m these patents Tegretol has been associated 
with increased frequency of generalized convulsions isee INDICATIONS AND USAGE: 

Therapy shouid be prescribed only after critica! benefit-to-Tisk appraisal in patients witht 
a tustory of cardiac hepatic or renal damage. adverse hematologic reaction to other 
drugs. of mlerrupted courses of therapy with Tegretol 
Information for Patients: Patents should be made aware of the early toue signs and 
symptoms of à potential hematofogic problem such as fever. sore throat, ulcers in the 
mouth. easy bruising petechial or purpurt hemorrhage. and should be advised 10 report 
ta the physician unmedsately if any Such signs or symptoms appear 

Since dizzew d drowsiness May occur patients should de cauboned abou! the 
hazards of operating machinery of automobdes ar engaging in other potentially dangerous 
tasks 
Laboratory Tests: Compete gretreatment ocd counts, snciuchag platelets and possibly 














fing therapy. a detailed history and physical examination should de 














renculocyles and serum ion. shouid be obla:ned ac 2 baseline. Ita patient i the course ot 
treatment exhibits iow or decreased white bicad ced or platelet counts. the patent should 
be mondored closely Discontinuation of the drug snoulé be considered 4 any evidence of 
signiticant bone marrow depression develops 

Basetine and penadic evaluations of liver functor, particularly in patients with a history 
of fiver disease. must De performed during treatment with this drug since iver damage 
may occur The drug should be discontinued immediately in cases of aggravated iver 
dystuncbon or achve hver disease 

Baseine and penadit eye examinations. mciuding sitiamp. funduscopy and toneme 
try. are recommended since many phenothiazines ¿nd reiated drugs have been shows to 
cause eye changes 

Baseline and periodic complete unnalysis and BUN determinations are recommended 
tor patients treated with this agent because of observed rena! dystuaction 

Monitoring al bigod levels isee CLINICAL PHARMACOLOGY} has increased the efficacy 
and safety of anucorvuisants. This momtonng may be partcuiatly usetul in cases ot 
dramahe merease in seizure frequency and for vesticanon of compliance in addition 
measurement of drug serum levels may aid in determuning the cause of toxicity when more 
thas ane med:cabon :5 beng used 

Thyrad functan have been reported to snow decreased values with Tegreto! 
admitustered aione 

Hyponatremia nas been reported in association wil 
cammbination with other drugs 
Drug interactions: The simultaneous administration of phenobarbital. phenyton, or 
pheudone. or a combination of two, produces a marked iowering of serum levels of 
Tegretol. The effect of vaiprasc acid on Tegretot blood levels is not clearly estabssheg 
although an increase in the ratio of active 10. 11-epaxde metabolite to parent compound is 
á consistent finding 

The hait-ives of phenytam. wartaun, doxycychne and theophylline were signiticantiy 
shortened when administered concurrently with Tegretol! Haloperidol and valproic acid 
serum ievels may be reduced when these drugs are administered with Tegretol The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant admumstratvon of Tegretol with erythramycin. cimetidine, propoxyphene 
isomazid fuoxebne or calcium channel blockers has been reported to resultin elevated 
plasma levels of carbamazepine resulting in tomerty i some cases Also. conco: 
admmnistration of carbamazepine and hthium may iacrease the tisk of neurotox: 
effects 

Herations of thyroid tunchon have been repertec :n combination therapy with other 

anticonvulsant medications 

Breakthrough Dieeding has been reported among patients recewing concomitant orat 
contraceptives and thew rehatsity may be adversely attected. 
Carcinogenesis. Mutagenesis, impairment ot Fertility: Carbamazepine, when admins 
tered to Sprague-Dawiey rats tor two years :n the diet at doses of 25, 75. and 250 
mg/kg/day. resuited in 2 dose-related increase in the dence of hepatocellular tumors n 
fen and of benign interstitial cell adenomas if the testes of males 

Carbamazepine must. theretore, be considered to be carcnogenic in Sprague-Dawiey 
rats Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative resuits The signiicance of these findings relative to the use of carbamazepine in 
humans is, at present. unknown 
Pregnancy Category C: Tegretol has been shown te have adverse effects in reproduction 
studies in rats when given orally in dosages 10-25 tmes the maximum human daily dosage, 
of 1200 mg fn rat teratology studies. 2 of 135 offspring showed kinked ribs at 250 mgrkg 
and 4 of 119 offspnng at 650 mg/kg showed other anomaies icleft palate. t. talipes. 1 
anophthaimos. 23 in reproduction studies in rats. nursing offsprng demonstrated a tack 
ot weight gain and an snkempt appearance at a materna! dosage level of 200 mg/g 

There are no adequate and well-controlled studies in pregnant women. Epideminiogical 
data suggest thal there may be an association between the use of carbamazepine duniag 
pregnancy and congenita! maitormations, inciuding spena bifida Tegretol shouid be used 
during pregnancy only # the potential benefit sustihes the potential risk to the tatus 
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Only TEGRETOL. 

brand of carbamazepine. 
provides the prescribing 
flexibility of a 100-mg scored 
chewable tablet. as well as 

a 200-mg scored tablet 





Retrospective case reviews suggest that, compared with monotherapy. there may be a 
higher prevalence of teratogente effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended tor pregnant women 

{Lis important to note that anticonvulsant drugs shoul not be discontinued in patents 
sn whom the drug is administered to prevent major seizures because of the strong possiti! 
ity of precipitating status epiepticus with attendant hypona and threat ta lite in individuat 
cases where the severity and frequency of the seizure d:sorder are such that removal of 
Medication does Not pose a senous threat to the patient. discontinuation of the drug may 
be considered prior to and dunng pregnancy. although ¢ cannot be said with any conti- 
dence that even minor seizures do not pose some hazard te the developing embryo or 
fetus 
Labor aad Delivery: The effect of Tegretol on human lator and dehvery is unknown 
Nursing Mothers: During iactation, concentration of Tegreto! iik is approximatesy 60% 
of the maternat plasma concentration 

Because of the potential for serious adverse reactions in nursing infants from tar- 
bamazepine. a decision should be made whether to discovtinue nursing or to discontinue 
the drug. taking into account the importance of the drug to the mother 
Pediatric Use: Satety and effectiveness in chidren below he age of 6 years have not bees: 
established 


ADVERSE REACTIONS 
H adverse reactions are of such seventy that the drug mus: be discontinued, the physician 
myst be aware that abrupt discontinuation of any anticcrvulsant drug in 3 responsive 
epileptic patent may lead to seizures or even status epdaptcus with its life-threatening 
hazards 

The most severe adverse reactions have been observed :n the hemopoietic system isee 
boxed WARNING). the skin and the cardiovascuiar system 

The most frequently observed adverse reachans. particularly during the initial phases ot 
therapy, are dizziness. drowsiness, unsteadiness. nausea. and vormting To minimize Me 
possibility of such reactions. therapy should be intuated at the low dosage recommended 

The following additional adverse reactions have Deen reported 
Hemopurenc System Aplastic anemia. agfanuiocytosis. pancytopenia, bone marrow 
depression, thrombocytopensa, ieukopenia, leukocytosis. eosinophilia. acute intermittent 
porphyria 
Skin’ Pruntic and erythematous rashes. urticaria. toxic epiderma! necrolysis {Lyells 
syndrome} (see WARNINGS), Stevens-Jahnson syndrome (see WARNINGS), photosen- 
sitivity feactions. alterations in skin pigmentation. exfoliatwe dermatitis, erythema myiti- 
forme and nodosum. purpura, aggravation of disseminated lupus erythematosus 
alopecia. and diaphoresis in certain cases, discontiauatioa of therapy may be necessary 
isolated cases af tersutism have been reported. but a Causa! relationship is not clear 
Cardiovascular System Congestive heart failure. edema. aggravation of hypertension 
hypotension. syncope and caliapse. aggravator: of corcnary artery disease. arrhythmias 
and AV biock, primary thrombophlebitis. recurrence of thrombophiebitis. and adenapaity 
or lymphadenopathy 

Some af these cardiovascular complications have resulted in fatalities Myocardiai 
anfarchon nas bean associated with other tricycec compounds 
Liver: Abnormalities an hver function tests. cholestatc and Nepatoceltular jaundice 
nepatitis 
Respiratory System Pulmonary hypersensitivity character-zed by tever. dyspnea pneu- 
Monts Of preumonia 
Genitourinary System Unaary frequency. acute urinary retention. chgura with elevated 
blood pressure, azotemia. renal taure, and impotence Albuminuns. glycosuria. stevated 
SUN and microscopic deposits 9 the unne have aiso beea report 

Testicular atrophy occurred in fats receiving Tegretol orally trom 4 to 52 weeks at dosage 
seveis of 56 ta 400 moskgreay Additionally, rats receiving Tegretol :n the diet for two years 
at dosage levels of 25, 75. and 250 mg/kg/day bad a dase-elated incidence of testicular 
atrophy and aspermatogenes:s. in dogs. it produced a brownish discoloration, presum- 
ably a metabolite. os the urnary bladder at dosage ievels of SO mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System Dizziness. drowsiness. disturbances of coordination, contusion. head- 
ache. fatigue. blurred vision, visusal hallucinations. transient diplopia, oculomotor distur- 
Dances. nystagmus. speech disturbances. abnorma! involustary movements, periphera? 
aguntis and paresthesias depression with agdabos faikatweness. tinnitus and 
fyperacusis 

There have beet reports af associated paralysis ang other sympt 
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msuficienty. but the exact relahonship of these reackons 1o the drug has not been 
estabished 
Digestive System: Nausea. vomiting. gastuc distress and abdominal pain. diarm 
constipation. anorexia, and dryness of the mouth ang gharynx inciuding giossitis and 
stomatitis. 
Eyes Scattered. punctate. cortcai ‘ens opacties. as well as conjunctivitis have beer 
reported Although a direct catisal relationship has no! been established many phe- 
notnazines ang related drugs have been shown to cause-eye changes 
Musculeskeietal System Aching iqints and muscies. and jeg cramps 
Melabolism Fever and chiiis inappropriate anhdiuretic sermone {ADH} secretion syn- 
drome nas Deen reported Cases af frank water intoucator. with decreased serum sodium 
{hyponatremia} and contusion. have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests). 
Orear tsolated cases of 2 lupus arythematosus-ike syndrame have been reported There 
have been occasconai reports of elevated levels of checesterol. HDL cholesterai and 
inglycerides in patients taking anticonvulsants 

A case of aseptic meningitis. accompanied by myacionus and penphera! easinophila 
has Deen reported a a patient taong carbamazepine in combination wilh other medica- 
tons The patient was successfully dechallenged. and th meringits reappeared upon 
rechalienge with carbamazepine 


DRUG ABUSE ANO DEPENDENCE 
No evidence of abuse potenta: nas been associated with Tegretol, noris there evidence of 
psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known letha! dose adults. >60 g (39-year 
surveved. adults. 30 ç i3t-year-gid womanj. chidren 
chidren. 5 g (3-yearoid geri). 

Org! LD 5G in animals img/gi mece, 1100-3750: rats, 3850-4025. rabbits. 1500-2680 
guinea mgs, 920. 
Signs and Symptoms 
The first signs and sympto: ippear ater t3 hours Neuromuscular dsturbances are the 
most prominent. Carhovasculat d-sorders are generally mider and severe cardiac com- 
plications occur only when very mgh doses (>60 g} have seen ingested 
Respitation. irregular breathing, respiratory depression 
Cardrovascular System: Tachycarcia, hypotension or hypertension, shock, conduction 
disorders 
Nervous System and Muscies impairment ot consciousness ranging In seventy ta deep 
coma Convuisions. especialiy in sma! chidren Motor resttessness, muscular twitching 
tremor, athetoid movements, opisthotonos, maxa. drowsiness. dizziness. mydnasis 
nystagmus, adiadechokinesi3, Dadism. psychomotor disturbances. dysmetna inmat 
hyperreflexia, followed by hyporefiona 
Gastromlestina; Tract Nausea. voruting 
Kidneys and Bladder Anuna or olgura. unnary retention 
Laboratory Findings. isolated instances of overdosage hase included leukocytosis, re- 
duced leukocyte count. glycosuria and acetonuria EEG may show dysrhythmias. 
Combined Poisoning: When aicohol. treyche antidepressants, barbiturates or hydantoins 
are taken at the same hme. the sigs and symptoms of aculeporsoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is cnhically depencent upon prompt elimination 
of the drug, which may be achieved by inducing vomiting. gating the stomach, and by 
taking appropnate steps to diminish absorption It these measures cannot be mpiemented 
without nsk on the spot the patient should be transterred at once to a hospital, while 
ensuring that vital functions are sateguarded There is no specifie antidote 
Elimination of the Drug induchen ot vomiting 

Gasinc iavage. Even when more than 4 hours have elapsed foslowang ingestion of the 
drug. the stomach shouid be repeatedly urigated, especmily £ the patient has aiso 
consumed alcoho) 
Measures to Reduce Absarphion Actwated charcoal, laxatives 
Measures fo Accelerate Enminatan Forced diuresis 

fhatysis is indicated only im severe poisoning associated with renal taure Replacement 
transfusion 19 mdicated in severe possoning in smali children 
Respiratory Depression Keep the aways tree; resort. if aecessary. to endotracheal 
mtubation, arblicial respiration. and administrabon of oxyge 
Hypatension, Shock Keep the pahert’s legs rased and administer a plasma expander It 
bigod pressure tails 10 nse despite measures taken to increcse plasma volume. use of 
vasoactve substances shouid be considered 
Convulsions Diazepam or barbiturates 
Warning. Diazepam or barbiturates may aggravate respiratory depression (especially m 
children}, hypotension, and coma However. barbiturates shou'd not be used 1f drugs that 
inhibit monoamine oxidase have also been taken by the paner: ether in overdosage or sn 
recent Therapy (within one week} 
Survediance. Respuation, cardiac function (ECG monitoring), alnog pressure, body tem- 
perature. pupillary retiexes. and kidney and bladder functor snauid be monitored for 
several days 
Treatment of Blood Count Adnormatities i evidence o! significant bone marrow depres: 
son develops. the foliawing recommendations are suggestad {11 stop the drug, (2) 
pertorm daily CBC. piatelet and reticusocyte counts, (3) do a bine marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Speca! periodic studies might be reiptul as follows’ (1) waite cell and platelet anti- 
bodies, (2) 59Fe—terrokinetic Studies. (3) perpneral blood call typing. (4) cytogenetic 
studies on martow and peripheral blood. (5) bone marrow culture studies for colony- 
forming units, (6) hemagiobin electrophoresis for Ay and F hemoglobin, and (7) serum 
toic acid and B4 levels 

A tully developed apiastic anemia walt require appropnate. ntensive monitoring and 
therapy, for which specialized consuttation shouid be sought 


DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and satetw of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests) Dosage should be adjusted ta the needs of the individ- 
ual patient A tow mtia! daly dosage with a gradual increase is advised. As soon as 
adequate control 15 achieved. the dosage may be reduced very -jradually 10 the minimum 
effective level. Tabiets should be taken with meals 

Epilepsy (see INDICATIONS AND USAGE} 

Adults and chitdren over 12 years of age--tnitial: 200 mg aid increase a} weekly 
intervals by adding up to 200 mg per day usinga tig of gid regimen until the best 
response is obtained Dosage should generally not exceed 1000 ng dany in cmidren 12 to 
15 years of age, and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily Nave been used in adults in rare instances Maintenance; Adjust dosage to the 
minimum effective level. usually 800-1200 my daily 

Children 6-12 years of age—inifial: 100 mg b.t.d Increase at weekly intervals by adding 
100 mg per day using ati d orq: d regimen unti the best respanse is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust Josage to the minimum 
etfectve ievel, usualy 400-800 mg datty 

Combination Therapy: Tegretoi may be used atone or with othe: anticonvulsants. When 
added to existing anticonvulsant therapy. the drug should be acded gradually while the 
other anticonvulsants are maintained œ gradually decreased. except phenytoin, which 
may have to be increased (see PRECAUTIONS. Drug Interactions.and Pregnancy Category 
© 

Trigeminal Weuraigia (see INDICATIONS AND USAGE) 

initial: 100 mg bid on the first day for a totai daily dose ot 200 ng This dady dose may 
be increased by up to 200 mg a day using ncrements of 100 mg every 12 hours only as 
needed to achieve freedom from pain Do not exceed 1200 mg uaiy 

Maintenance: Control of pain can be maintained m most patents with 400 mg to 800 mg 
dany. However. some patients may be maintained on as httie as 2C mg daly, while others 
may require as much as 1206 mg daily At ieast once every 3 mon 
treatment period, attempts should be made to reduce the dose te the m: 
igvel or ever to discontinue the dtug 


HOW SUPPLIED 
Chewable Tablets 100 mg--roung. red-speckled. pink. single-scered (imprinted Tegretol 
on one side and 52 twice oa the scored side) 
Bottles of 100 
Unt Dose idiister packs 

Bex oF 106 

{strips of 10) NDC 56887-052-32 
Tablets 200 mg-—capsuie-shaped. pink. singie-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

Bories of 100 

Bottles of 1000 
Unt Dose (buster pack} 

Box of 100 

istnps of 10) NDC 588B7-027-32 
Sampies when available. are wdentihed by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in fight coniaitier (USP: 
Alsa avaiable as Tegrete! suspensson 180 mgeS mi on 450 mi bates 

£91.16 iRev 9 
318-12808-A 

BASEL Pharmaceuticals 
Division of 
CIBA-GEIGY Corporation 
Summit. New Jersey 07901 
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Ultrasound Findings in Spontaneous Carotid Artery Dissection 


The Value of Duplex Sonography 


Matthias Sturzenegger, MD 


e Extracranial and transcranial Doppler 
and duplex sonographic findings in six pa- 
tients with internal carotid artery dissection 
proven by angiography is reported. Extracra- 
nial Doppler analysis showed occlusion 
without a recordable signal from the internal 
carotid artery at any level or stenosis with 
accelerated flow in the high cervical seg- 
ment. Transcranial Doppler findings demon- 
strated the hemodynamic consequences of 
the internal carotid artery occlusion or steno- 
sis with collateral flow across the circle of 
Willis and also showed the dampened pulse 
wave of the middle cerebral artery ipsilateral 
to the dissection. In duplex sonography, the 
indirect signs indicating internal carotid ar- 
tery dissection were a patent carotid bifurca- 
tion and proximal internal carotid artery seg- 
ment but with no or only a short systolic flow 
signal. Atherosclerotic wall changes were 
absent, an important finding that suggests 


T he cervical part of the internal carot- 

id artery (ICA) is by far the most 
frequent site of spontaneous wall dis- 
section,” but any brain-supplying ar- 
tery may be affected.’ The exact fre- 
quency is unknown, but it may be quite 
underestimated. With less rigid indica- 
tions for cerebral angiography” in the 
last few years, an increasing number of 
patients with spontaneous dissection of 
the ICA (ICD) have been identified." 
From this experience, we have learned 
that the clinical presentation of ICD 
may be extremely variable, ranging 
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nonatherosclerotic stenosis or occlusion. 
Direct signs making the diagnosis likely were 
a tapering of the internal carotid artery lumen 
distal to the bulb, an irregular membrane 
crossing the vessel lumen, and the demon- 
stration of a true lumen with flow and a false 
one without flow. While cerebral angiogra- 
phy is still considered the gold standard, ul- 
trasound may become the primary modality 
for early diagnosis. Doppler and duplex ex- 
aminations help to indicate angiography and 
are the methods of choice for follow-up 
investigations. They clearly demonstrate 
spontaneous recanalization with normaliza- 
tion of carotid circulation or, in case of per- 
sistent occlusion, improvement of collateral 
blood supply. Sequential examinations may 
prove helpful to determine the duration of 
anticoagulant treatment. 
(Arch Neurol. 1991;48:1057-1063) 


from the patient with unspecific head- 
ache or even no clinical symptoms and 
signs to the patient with severe stroke 
and rapidly ensuing death. These clini- 
cal extremes usually do not give rise to 
further investigations, and the real 
cause, ICD, goes unrecognized. 
Younger patients are preferentially 
affected: Hart and Miller’ found two 
cases (2%) among 100 patients with 
stroke under the age of 40 years, and 
Bogousslavsky and Regli” found nine 
cases (22%) among 41 patients with 
stroke under the age of 30 years. Mean 
age at presentation in a group of 146 
cases’ was 45 years; 70% were between 
35 and 50 years old. The younger age at 
presentation is suggestive of ICD rath- 
er than atherosclerotie carotid dis- 
ease.™ Considering all patients with 
stroke, ICD is a rare cause of stroke: 


among a series of 1200 consecutive pa- 
tients with stroke," 30 (2.5%) had ICD. 
In another series of 4531 patients exam- 
ined with cerebral angiography because 
of acute cerebrovascular symptoms,” 
extracranial carotid artery dissection 
was diagnosed in 11 (0.24%). 

When the characteristic triad of facial. 
or neck pain, ipsilateral oculosympathe- 
tic paresis, and hemispheric ischemic 
symptoms is present, diagnosis may 
be strongly suspected on clinical’ 
grounds.’ For definite diagnosis, 
angiography is required, which can 
show characteristic but also variable — 
signs.”*"™" The findings, except double 
lumen, are nonspecific. Differential di- 
agnosis includes arterial compression or 
invasion by tumor or pharyngeal inflam- 
mation, congenital hypoplasia, vasculi- 
tis, radiation-induced arteriopathy, and 
vasospasm, 

In general, prognosis is good, and 
spontaneous recanalization occurs in 
more than 80% of patients.*’ However, 
persisting disability can result," ow- 
ing to ensuing stroke. Considering pa- 
tients with ICD and stroke,” prognosis 
is clearly worse: recanalization occurs in 
only 60% and death in 23%, and 48% of 
the patients remain severely disabled. 
Stroke is, as known from angiogra- 
phy,” mostly due to embolism from 
local thrombosis at the site of dissection. 
Rarely, insufficient collateral blood sup- 
ply causes hemodynamic infarction. 

Because of the danger of embolism, 
early anticoagulation is considered the 
treatment of choice. However, its effec- 
tiveness has not been proved yet by a 
randomized controlled study. On the 
other hand, to my knowledge there is no 
case of ICD reported in the literature in 
which symptoms worsened with antico- 
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Table 1.—Clinica! Findings * 


Patient No. / Vascular 

Age, y/Sex Risk Factors 
1/49/M Migraine, hypertension, 

smoking, cholesterol 


Symptoms 
Recurrent TIA (L 
hemiparesis), pain R 
eye and temple 
R hemiparesis, 
aphasia, occipital 
headache 
Recurrent R amaurosis 
fugax, recurrent TIA 


Evolution 
Resolution efter 12 d 


Treatment 


Heparin sodium, 
coumarin 

















2/42/F R hemiparesis Migraine, hypertension Partial recanalization with 
persisting slight stenosis 


after 15 wk 


Resolution on both sides 
after 2 me 


Heparin, coumarin 








3/41/M Loss of consciousness, 
R hemiparesis, 
transient aphasia, 


bruit R carotid 
R hemiparesis 


None Aspirin 


(R hemiparesis), pain 
R temple and cheek 











4/41/M R hemiparesis, 
aphasia, frontal 


headache 
Recurrent TIA (L 
hemiparesis), gait 
disturbance, pain R 
eye and temple 


Heparin, coumarin Persisting occlusion after 2 
mo, better intracranial 


collateral flow 

Symmetric BFV in both 
MCAs after 5 d, 
complete recanalization 
after 6 wk 








5/40/M Partial HS on R, 
hemianopia to L, 
L hemiparesis, 
L sensory neglect, 


CT: infarction 


Migraine, hypertension Heparin, coumarin 








or 


6/41/M Recurrent TIA 
(asphasia), pain L 


eye and forehead 


Partial HS, none on L 


Heparin, coumarin 


Resolution after 10 wk 





“TIA indicates transient ischemic attack; HS, Horner's syndrome; CT, computed tomography; BFV, biood flow velocity; and MCA, middle cerebral artery. 


agulant therapy. If anticoagulation is 
beneficial, early diagnosis is essential 
for the treatment of patients with ICD, 
a goal that can be achieved with com- 
bined ultrasonographic examination 
(CUE) using conventional extracranial 
direct and indirect Doppler sono- 
graphy, transcranial Doppler sono- 
graphy (TCD), and duplex scanning. I 
report my experience using CUE in six 
patients with ICD in the extracranial 
segment verified by angiography. 


PATIENTS AND METHODS 
Duplex Examination 


A high-resolution, real-time, duplex ultra- 
sound system (Diasonics SPA 1000, Sono- 
tron Holding AG, Zug, Switzerland) was 
used that consisted of a 10-MHz echoto- 
mography imaging probe and a 4.5-MHz 
pulsed-wave Doppler probe with real-time 
gray-scale Fast-Fourier transform Doppler 
spectrum analysis. Common carotid artery 
(CCA), bulb, ICA, external carotid artery 
(ECA), and vertebral arteries were imaged 
on both sides. 


Extracranial Doppler Examination 


The technique for extracranial direct and 
indirect Doppler sonographic examination 
has been described in detail previously.” I 
used the same device as for TCD recordings, 
which is described below. The CCA, ECA, 
ICA, subclavian artery, and vertebral artery 
at the atlas were examined by continuous 
insonnation on both sides. Supratrochlear 
and ophthalmic arteries (OpAs), as well as 
carotid siphons, were measured by a transor- 
bital approach. 


TCD Examination 


The technique for TCD recordings has 
been described in detail previously.” A mi- 
eroprocessor-controlled directional pulsed 
Doppler device operating at 2 MHz was used 
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for all TCD ultrasound examinations (TC2- 
64, Eden Medizinische Elektronic GmbH, 
Ueberlingen, Germany). The middle cere- 
bral artery (MCA), anterior cerebral artery, 
posterior cerebral artery, and ICA bifurca- 
tion were analyzed at different depths by a 
transtemporal approach and the intracranial 
vertebral and basilar arteries were analyzed 
through the occipital foramen. Systolic, dia- 
stolic, and mean blood flow velocity (BFV) 
were measured in each vessel. Pulsatility 
index (PI) was calculated according to the 
following formula: PI = (systolic BEV — dias- 
tolice BFV)/mean BFV.” The values of 52 
normal controls served as reference. The 
MCA-BF'V and PI values of the six patients 
were compared with those of the controls. 


Cerebral Angiography 


Selective CCA angiograms were obtained 
in all patients. Catheterizations were per- 
formed by the percutaneous femoral ap- 
proach. In one case (case 3), direct CCA 
puncture was performed. Six French poly- 
ethylene catheters and a nonionic, low-osmo- 
lar contrast agent were used. 

Statistical analysis was performed using 
simple regression analysis and the unpaired 
and paired t test. 


RESULTS 


Six patients (five men and one woman 
with a mean age of 42.5 years [range, 40 
to 49 years]) admitted within a year 
with angiographically proved ICD were 
analyzed. Five had unilateral dissection 
and one (case 3) had bilateral dissection. 
The clinical findings are summarized in 
Table 1. Lower cranial nerve palsy did 
not occur. A computed tomographic 
scan was normal in five patients and 
showed MCA infarction in one (case 5). 
There was no preceding trauma. 

Extracranial Doppler sonography 
showed ICA occlusion on one side in all 


patients and additional stenosis on the 
other side in case 3. Four patients had 
collateral blood supply from the ipsilat- 
eral ECA to ICA territory and patient 3 
had collateral supply across both OpAs 
with retrograde flow. 

Transcranial Doppler sonography 
showed reduced MCA-BF'V and PI on 
the side of dissection in five patients 
compared with the contralateral side 
(P=.001 for BFV, P=.002 for PI) as 
well as compared with the controls 
(P=.0001 for BFV, P=.0001 for PD. 
An additional patient had symmetric 
MCA velocities but reduced PI on the 
side of the lesion (case 2). All had collat- 
eral blood supply across the anterior 
communicating artery from the contra- 
lateral ICA. Mean BFV and PI with the 
side differences of patients and controls 
are given in Table 2. In controls, there 
was a correlation between right and left 
MCA-BFV (r= .955, F =516.2, 
P=.0001) and PI (r=.768, F=71.8, 
P=.0001) and there was no side differ- 
ence (P=.83 for both). In patients, 
there was no correlation between MCA- 
BFV (r=.692, F=3.7, P=.18) and PI 
(v= .242, F=0.25, P=.64) ipsilateral 
and contralateral to the dissection side, 
and the side differences were obvious 
(P =.001 for BFV and P = .002 for PD. 


Duplex Examination 





No patient had atherosclerotic wall 
changes. All the proximal ICA seg- 
ments were patent on the “occluded” 
side, two with a residual “stump flow” 
and four without recordable flow signal. 
There was a “membrane” visible cross- 
ing the ICA lumen in four arteries, pro- 
ducing the picture of double lumen not 
compressible by the probe (Fig 1). 
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Table 2.—Transcranial Doppler Findings * 


L or Ipsilateral MCA 


R or Contralateral MCA 








Mean Difference 

































Group BFV o Pi = BFV == PI BFV Pi 
Controls 
Mean + SD 64.5 + 10.5 0.76 + 0.15 64.1 + 116 0.75 + 0.15 0.46 + 3.6 0.01 + 0.4 
Range 45-90 0.48-14 24 o 41-80 _ 0.51-1.37 17 0.56 
Patients 
Mean + SD 43.24 9.6 0.46 + 0.08 61.2 + 114 0.65 + 0.08 18484 0.2404 
Range 33-55 0.33-0.57 48-82 0.52-0.75 24 0.26 














"MCA indicates middie cerebral artery: BEV, blood flow velocity; and Pi, puisatility index. Left and right MCAs were examined in controls, ipsilateral and contralateral 
MCAs in patients. in cases with bilateral dissection, the ipsilateral side indicates the side more occluded. 





Neuro Insel Bern 


aKa 
x 


Fig 1.—Results of initial Duplex scanning (case 3): a, open left carotid bifurcation and identification 
of external carotid artery (ECA); b, only short systolic flow signal in the most proximal teft internal 
carotid artery (ICA; stump flow); c, membrane (arrow) crossing lumen of left ICA in a more distal 
segment; d, preserved flow signal in proximal right ICA; e, high blood flow velocity indicating 
stenosis in more distal segment of right ICA, membrane crossing vessel lumen; and f, membrane 
crossing vessel lumen of right ICA (arrow). CCA indicates common carotid artery. 


Angiography 


Five patients (cases 1, 2, 3, 5, and 6) 
had bilateral, and one (case 4) had uni- 
lateral, carotid angiography. One pa- 
tient (case 3) had bilateral dissection; 
consequently, seven dissected ICAs 
could be analyzed. 

In all of them, the carotid bifurcation 
and at least the most proximal 2 cm of 
the ICA were normal. Four showed 
smoothly tapering stenoses (cases 3 
[left], 4, 5, and 6) starting 3 to 4 em distal 
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to the bifurcation, in all extending up to 
the base of the skull (in case 5 probably 
to the siphon segment). In three, the 
stenoses were high grade with a filiform 
residual lumen resulting in a “string 
sign” (cases 4, 5and 6). Abrupt return to 
normal caliber was noted in all at the 
entrance of the carotid canal. Two 
showed irregular segmental stenosis 
(cases 1 and 3 [right]}), in both cases of 
the prepetrosal segment and with 
abrupt reconstitution of a normal lumen 
width at the entrance of the carotid ca- 


nal. In case 1, stenosis started immedi- 
ately distal to a carotid kinking. 

There was a tapering occlusion start- 
ing 2 cm distal to the bifurcation with a 
flame-shaped stump in one artery (case 
2). Collateral blood supply across the 
anterior part of the circle of Willis (ante- 
rior communicating artery) was con- 
firmed in all five cases with bilateral 
carotid angiograms. 

No patient showed pseudoaneurysm 
formation or signs indicative of fibro- 
muscular dysplasia. None had athero- 
sclerotic wall lesions (Fig 2). The results 
of ultrasound findings and angiography 
are summarized in Table 3. 


REPORT OF A CASE 


A 41-year-old technician had no vascular 
risk factors, Three weeks before his hospital- 
ization, he felt increasing pain in his right 
temple and cheek. Plain roentgenograms 
showed an opacified maxillary sinus, and po- 
lyposis was considered as the likely cause of 
his pain. The patient was admitted for sinu- 
scopy. Soon after premedication with intra- 
muscular atropine sulfate (0.5 mg) and mor- 
phine chloride (5 mg), he fainted. When he 
regained consciousness after several min- 
utes, there was right-sided hemiplegia and 
asphasia clearing within 2 hours. Physical 
examination revealed a bruit over the right 
carotid artery. Results of routine blood lab- 
oratory tests, electrocardiogram, and com- 
puted tomography were normal. Now, on 
detailed questioning, he reported several at- 
tacks of blurred vision or transient blindness 
of his right eye, lasting 1 or 2 minutes, in the 
days before admission. In addition, he had 
had three episodes of feeling cold and heavi- 
ness or loss of motor control of his right arm 
and hand. 

Doppler analysis (Fig 3) showed reduced 
diastolic flow and increased PI in the left 
CCA. The left ICA could not be identified. 
The left ECA showed high diastolic flow re- 
sembling an intracranial vessel. The BF Vs in 
the right CCA, the ECA, and the proximal 
part of the ICA were normal. However, in 
the high cervical segment of the right ICA, 
there was increased BFV over a long seg- 
ment up to the base of the skull. Both OpAs 
showed reversed flow direction toward the 
intracranial region. 

The TCD analysis (Fig 3) revealed reduced 
BFV and reduced PI in the left MCA. The 
left anterior cerebral artery showed reversal 
of flow direction. High BFVs in the left pos- 
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Fig 2.—Left common carotid arteriogram in case 3 (a, anteroposterior projection; b, lateral view) 
demonstrates common carotid narrowing (arrowheads in a) resulting from subintimal injection 
following direct artery puncture. Carotid bifurcation and proximal 3 cm of internal carotid artery (ICA) 
are normal. Then, smoothly tapering stenosis of left cervical ICA (arrows in a and b) with severe 
slowing of flow is noted, extending up to the skull base, where abrupt return to normal caliber is 
seen at entrance of carotid canal (open arrows in a and b). There is no filling of left anterior cerebral 
artery. Right common carotid arteriogram (c, anteroposterior projection; d, lateral view) again 
shows normal carotid bifurcation and proximal right ICA. Irregular segmental moderate stenosis of 
the high cervical prepetrosal ICA segment (arrows in c and d) is demonstrated with abrupt 
reconstitution of normal lumen width at the entrance of the carotid canal (open arrows in c and d). 
There is collateral flow from right to left carotid territory across anterior circle of Willis (arrowheads 
inc). 
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terior cerebral artery indicated collateral 
flow from the posterior circulation. 

Duplex scanning (Fig 1) showed a widely 
patent left proximal ICA, but only minimal 
systolic intraluminal flow signal (stump 
flow). In its more distal part, a membranelike 
structure traversing the vessel ‘amen could 
be visualized. The right proximal ICA was 
also patent, and flow was normal. Still more 
distally, there was a membranelixe structure 
in the vessel lumen, and at this site high 
BFVs were present, indicating stenosis. 

A diagnosis of left ICA occlusion and right 
ICA stenosis distal to their origin from the 
bulb was made, with collateral flow to the left 
carotid territory across the anterior and pos- 
terior communicating arteries. The patent 
proximal ICA segments and the membranes 
traversing the vessel lumen suggested bilat- 
eral ICDs. Cerebral four-vessel angiography 
(Fig 2) showed a normal proximal ICA on 
both sides. In the higher ce l part, the 
left one showed progressive narrowing to a 
stringlike lumen with abrupt luminal recon- 
stitution at the entry to the petrosal canal, 
There was moderate stenosis of the right 
ICA in the higher cervical part, again with 
abrupt reconstitution of the vessel lumen at 
the base of the skull. Intracranially, flow was 
from the right ICA to the left across the 
anterior communicating artery. Because of 
the smooth boundaries of luminal narrow- 
ings, bilateral carotid hypoplasia was diag- 
nosed by the radiologist (which did not ex- 
plain the sudden neurologic symptoms), 

Doppler control 10 days later showed nor- 
malized BFV in both CCAs. Both ICAs could 
be identified with normal BFV in their proxi- 
mal parts but with high BFV in their upper 
cervical segments due to stenosis. The MCA- 
BFV was symmetric. The anterior cerebral 
artery and OpA flows were antegrade on 
both sides. Duplex scanning showed flow in 
both ICAs, but there were still stenoses due 
to membranelike structures. This flow re- 
constitution clearly made hypoplasia unlike- 
lv and a diagnosis of dissection more favor- 
able. Doppler reexamination 2 months later 
showed normal results proving spontaneous 
recanalization and yielded the diagnosis of 
spontaneous bilateral ICD. The patient has 
remained asymptomatic taking aspirin. 















COMMENT 


Because the clinical presentation of 
ICD may be extremely variable,’ the 
diagnosis cannot be made on clinical 
grounds alone. Carotid angiography is 
at present still the method of choice for 
definite diagnosis. Though it has be- 
come much less risky owing to technical 
achievements,’ it remains an invasive 
procedure that should not be performed 
when there is only weak clinical suspi- 
cion of ICD. In these situations, an easi- 
ly available, noninvasive method is de- 
sirable that can confirm the suspicion 
and allow the selective use of carotid 
angiography. 

Conventional direct and indirect 
(pulsed- or continuous-wave) Doppler 
sonography of the extracranial carotid 
arteries and their branches” can reveal 
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Age, ¥/Sex 
J 1/497M 


2/42/F 


3/41/M 


4/419M 


5/40/M 


6/41/M 


Patient No./ 


Arteriography 


Segmental stenosis of high 
cervical R ICA; collateral 
flow across circle of 
Willis, L to R 


Tapering occlusion of L 
ICA; collateral flow 
across circle of Willis, 
Rtol 

L ICA: string sign, 
reconstitution at skull 
base; R ICA: high 
cervical segmental 
stenosis, reconstitution 
at skull base; collateral 
flow across circle of 
Willis, R to L 


L ICA: string sign, 


reconstitution at skull 
base 

RICA: string sign up to 
cavernous segment; 
collateral flow across 
circle of Willis, L to R 

L ICA: string sign, 
‘reconstitution at skull 


Tabie 3.—Summary of Results” 


ECD 


R ICA occlusion, R OpA 
retrograde 





L ICA occlusion, OpA both 
orthograde 


L ICA occlusion, R ICA 
stenosis (high cervical 
segment), OpAs both 
retrograde (bilateral 
dissection) 


L ICA occlusion, L OpA 
retrograde 


R ICA occlusion, R OpA 


retrograde 


L ICA occlusion, L OpA 
retrograde 


TCD 


R MCA BFV |; collateral 
flow across AComA, 
LtoR 


Duplex Sonography 


Patent proximal R ICA with 
stump flow 





L MCA PI į; collateral flow 
across AComA, R toL 


L MCA BFV j; collateral 
flow across AComA, 
R to L and from 
vertebrobasilar system 


L MCA BFV į; collateral 
flow across AComA, 
RtoL 

R MCA BFV }; collateral 
flow across AComA, L to 
R; R MCA, no reactivity 
on CO, breathing 

L MCA BFV į; collateral 
flow across AComA, 


Patent proximal L ICA, no 
intraluminal flow; 
membrane with doubie 
lumen 





Patent proximal L ICA 
without flow; membrane 
L ICA (distal); membrane 
R ICA (distal and 
stenosis); double lumen 





Patent proximal L ICA with 
stump flow 





Patent proximal R ICA 
without flow 


Patent proximal L ICA 
without flow; membrane 








base; collateral flow 
across circle of Willis, 
Ritok 


R tol 


with double lumen not 
compressible 


“ECD indicates extracranial Doppler sonography; TCD, transcranial Doppler sonography; ICA, internal carotid artery; OpA, ophthalmic artery; MCA, middle cerebre 
artery; BFV, blood flow velocity; AComA, anterior communicating artery; and PI, pulsatility index. Occlusion on ECD indicates no signal from ICA at origin from bulb an: 


at skull base. 


R 
ACA, 48 (70/31) 


MCA, 48 (67/39) 
PCA, 37 (51/28) 


OpA, 37 (59/30) retro 


if 

ICA, d, 109 (118/90) i | 
\ | 
| 


ICA, p, 25 (45/19) | | 


CCA, 25 monn 


L 


ACA, 25 (36/20) retro 


MCA, 34 (44/28) 
PCA. 53 (73/42) 


OpA, 50 (69/37) retro 





Fig 3.—Results of initial extracranial and transcranial Doppler analysis in case 3 (see text for 
details). ACA indicates anterior cerebral artery; retro, retrograde; MCA, middle cerebral artery; 
PCA, posterior cerebral artery; OpA, ophthalmic artery; ICA, internal carotid artery (d and p 
indicating distal and proximal); and CCA, common carotid artery. The numbers represent the values 
of blood flow velocities in each vessel: mean (systolic/diastolic). The pathological values are 
underlined. 


ocelusion or stenosis if it exceeds 50% of 
lumen diameter. The technique does not 


specific sign. Transcranial Doppler son- 
ography,” though detecting the ef- 


yield further information about origin. 
Only the finding of a stenosis located in 
the upper cervical ICA segment or ex- 
tending over a long distance may sug- 
gest dissection, ™™ but this is not a 
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fects on intracranial circulation includ- 
ing collateral blood flow, does not help in 
further differentiating the origin of ste- 
nosis or occlusion. 

The primary goal of CUE is the differ- 


entiation of ICD from occlusion or ste: 
nosis due to other causes such as athero- 
sclerosis. Atherosclerotic lesions of the 
brain-supplying arteries show a predi 
lection for the carotid bifurcation.” 
Spontaneous ICD, on the other hand, is 
usually localized in the middle or upper 
cervical segment of the ICA or begins at 
least 2 to 3 cm distal to the carotid bifur. 
cation. T= These anatomic facts and 
the easy accessibility of the carotid bi- 
furcation in most patients by duplex 
scanning make this method suitable for 
differentiation. 

When conventional Doppler sono- 
graphy indicates ICA stenosis or oeclu- 
sion, the indirect findings at duplex 
scanning listed in Table 4°” suggest. a 
dissection. These are ultimately non- 
specific findings, and the diagnosis may 
be hampered when there is the simul- 
taneous presence of atheromatous 
plaques” or when the ICD starts al- 
ready at the bifurcation.”” Therefore, 
direct visualization of the dissection 
should be attempted. Direct and more 
specific signs of ICD at duplex scanning 
are listed in Table 4. 

Internal carotid artery dissection is 
virtually always extracranial but varies 
considerably in extent.” It typically oc- 
curs distal to the extracranial bifurca- 
tion,’ often at or around the C-2 verte- 
bral level.” Because this region may be 
beyond the range of carotid imaging by 
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Table 4.—Duplex Sonography: 
Findings Suggesting ICA Dissection * 


indirect findings 

No atheromatous plaques are visible in ca- 
rotid bifurcation 

Bulb and proximal segment of ICA are 
patent 

No flow signal or high-resistance flow pat- 
tern (short, only 
systolic flow peak [stump flow] or bidi- 
rectional [reverberating) systolic flow) in 
proximal ICA 

Lack of wail pulsations 

Direct signs 

Tapering of ICA lumen starting =2 cm dis- 
tal to bulb 

irregular “membrane” crossing ICA lumen 
(Fig 1) 

Demonstration of true lumen with flow and 
false (thrombosed) lumen without flow; 
unlike veins, true and false lumens are 
noncompressible by probe pressure; 
flow in false lumen resulting from more 
distal reentry into true lumen, as fre- 
quently found in CCA dissection associ- 
ated with dissecting aortic aneu- 
rysm,?" is rare 

Axial sections show ‘‘membrane” as flap in 
lumen 

Findings at tollow-up examinations 

Recovery of lumen patency 

Flow recovery 

Recovery of normal hemodynamics, when 
combined with TCD 


“ICA indicates internal carotid artery; CCA, com- 
mon carotid artery; and TCD, transcranial Doppler 
sonography. 





ultrasound, direct visualization of the 
ICD is not possible in all cases.” 

Sensitivity of CUE in detecting occlu- 
sion in the ease of ICD was very high in 
one study (95%).* Its emergency use in 
cases where clinical presentation sug- 
gests dissection does help in rapid diag- 
nosis and selection of patients for 
angiography. 

Duplex sonography has several meth- 
odologic limitations, listed in Table 5, 
These are the major reasons why I still 
consider angiography to be necessary to 
assess the full extent of the vascular 
process and to confirm the ultrasound 
findings. 

In addition to its use in initial diagno- 
sis, duplex scanning is an excellent non- 
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Table 5.—Limitations of Duplex 
Sonography 


Anatomic 
Short and/or fat neck, high cervical carotid 
bifurcation, goiter, calcification of ath- 
erosclerotic lesions (sound shadow) 
Individual 
Restless, agitated, continuously swallow- 
ing patients, air emphysema; direct ex- 
amination may be impossible 
Methodic 
Occlusion cannot always be demonstrated 
directly because of its high cervical 
location 
Usually, whole longitudinal extension of 
wall dissection and especially involve- 
ment of intracranial ICA segments (oc- 
curring in up to 20%} cannot be de- 
tected 
Detection of aneurysms is usually not pos- 
sible? 
identification of fibromuscular dysplasia as 
underlying cause’®** is hardly ever pos- 
sible 





invasive modality for serial follow-up 
examination.” The signs indicating 
recovery are listed in Table 4. Sponta- 
neous resolution or reduction of stenosis 
may occur at variable intervals, ranging 
from a few days to several months, “7” 
Sequential follow-up studies have 
shown that this process generally oc- 
curs within a few days and only occa- 
sionally over weeks or months.’ 
Most authors agree that ischemic in- 
farction is due in most cases to distal 
embolism from local thrombosis at the 
stenotic segment. The role of embolism 
is evident from the oecurrence of isch- 
emic symptoms when a stenosis is he- 
modynamically insignificant, from arte- 
riography that shows distal emboli, and 
from intraluminal thrombus seen arter- 
iographically and at surgery. Embolic 
stroke may develop in the first few days 
of dissection,* and its frequency is esti- 
mated to be at least 15%* to 24%.” More- 
over, stenosis may progress to occlu- 
sion," resulting in a critical 
hemodynamic situation and preventing 
recanalization. These potential compli- 
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cations are the reason why anticoagu- 
lant therapy, first with heparin, is rec- 
ommended by several authors’* with 
the idea to prevent thrombosis and em- 
bolism. It is logical that treatment 
should be started as early as possible, 
implicating early diagnosis, facilitated 
by application of CUE. As controlled 
studies are lacking, the efficacy of such 
therapy remains unproved, regardless 
of the nature and degree of the anatomic 
disease present. To date, no harmful 
effect of anticoagulant therapy, includ- 
ing cases with extracranial aneurysms, 
has been reported,**"""** and only the 
simultaneous presence of an intracrani- 
al aneurysm is considered a contraindi- 
cation.” Several uncontrolled studies 
suggest beneficial effects of anticoagu- 
lation. ^7" On the other hand, it seems 
pointless to continue anticoagulant 
therapy once vascular patency has been 
restored. The CUE offers the possibili- 
ty of noninvasive follow-up to detect the 
moment of recanalization. As spontane- 
ous recanalization is the rule, nm 
surgical interventions remain excep- 
tionalt" and are reserved for pa- 
tients with recurrent or progressive 
ischemic symptoms despite anticoagu- 
lant therapy. If these ischemic symp- 
toms are due to insufficient collateral 
blood supply, it may be detected by 
TCD (case 5). Therefore, TCD may help 
in selecting patients for revasculariza- 
tion procedures. 

In conclusion, CUE with special em- 
phasis on duplex scanning is particular- 
ly useful to select patients with suspect- 
ed ICD for arteriography and thus 
provides a tool for early diagnosis by its 
emergency use. It is the method of 
choice for follow-up examinations to de- 
termine duration of anticoagulation and 
may help to assess the real frequency of 
ICD when also used in patients in whom 
angiography would not be considered. 
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Widely Untreated 


A Depression 
- Teleconference 
sponsored by 
the American Medical 
Association and 


the National Institute 
of Mental Health 


Schedule: 
-Program One: 


- Program Two: 


Program Three: 


To register for this free 
teleconference and to find out 
_ the location nearest you, call 
- TOLL-FREE 1-800-262-3211. 





According to the National Institute of Mental Health, over 10 
million Americans will suffer from depression at least once in 
their lives. 


Most patients are not seen by mental health professionals, but 
by primary care physicians. 


The American Medical Association and the National Institute 
of Mental Health are sponsoring a three-part teleconference at 
no cost to you, offering the primary care physician important 
information on diagnosing and treating depression: among 
patients. 


You are invited, and encouraged, to attend this important 
series. There will be numerous satellite link-ups at hospitals 
throughout the United States. Call now to register and to find 
out the location nearest you. 


Epidemiology, Etiology, Diagnosis 
October 24, 1991 
2:00-3:30 pm (ET) 


Treatment: Pharmacology and Psychotherapy 
November 21, 1991 
2:00-3:30 pm (ET) 


Depression Among Special Populations 
December 11, 1991 
2:00-3:30 pm (ET) 


The American Medical Association is accredited by the Accreditation Council for 
Continuing Medical Education to sponsor continuing medical education for 
physicians. The American Medical Association designates this continuing medical 
education activity for 1.5 credit hours of Category 1 of the Physician’s Recogni- 
tion Award of the American Medical Association. 


This program has been reviewed and is acceptable for 1.5 prescribed hours by the 
American Academy of Family Physicians. 


The American College of Obstetricians and Gynecologists has assigned 2 
cognates (formal learning) to this program. 
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HEADACHE 
DESCRIBED 


“Headache“~ a personal 
interpretation of headache 
pain by John Crowley, a 
eadache patient. 


HEADACHE 
RELIEVED 


Effectively treats the pain of 
muscle contraction headache 
as well as the anxiety and 
tension that magnify it 










FIORINA Lwm 
CODEINE 
CAPSULES 


{Each capsule contains: codeine phosphate 30 mg Warning: May 
be habitforming]; butalbital 50 mg Warming: May be habit-forming), 
caffeine 40 mg; and aspirin 325 mg} 


Potent relief of tension headache pain 


Please see brief summary on following page 


S. SANDOZ 


SANDOZ PHARMACEUTICALS CORPORATION 
EAST HANOVER, NEW JERSEY 07936 





BSS Gentanin ito A fear nAn M 


BRIEF SUMMARY: Please see package insert for full prescribing information. 


FIORINAL= 
(Codeine phosphate USP. 30 mg [warning. may be habit forming], butalbital USP. 50 mg [warring may be habit 
forming]. caffeine USP. 40 mg. aspirin USP, 325 mg) 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Fiorinat® with Codeine is contraindicated under the following conditians: 

1. Hypersensitivity of intolerance to aspirin, caffeine, butalbital or codeine 

2 Patients with a hemorrhagic diathesis (e.g, hemophiha, hypopromrombinemia, von Willebrand's disease, the 
thrombocytopenias, thrombasthenia and other ill-defined hereditary platelet dysfunctions. severe vaamin K deficiency 
and severe liver damage.) 

3. Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspifin or other nonsteroidal 
afiti-inflammatory drugs. Anaphylactoid reactions have occurred in such patients 

4. Peptic ulcer or other serious gastrointestinal lesions 

5, Patents with porphyria. 


WARNINGS: Therapeutic doses of aspinn can cause anaphylactic shock and other severe allergic reactions. it 
shouid be ascertained il the patient is allergic to aspirin, although a specie history of allergy may be lacking, 

Significant bleeding can result rom aspirin therapy in patients with peptic ulcer or other gastromntestina! lesions, 
and in patients with bleeding disorders 

Aspirin administered pre-operatively may prolong the bleeding ime 

in the presence of head injury or other intracranial lesions, the respiratory depressant ettects of codeine and 
other narcotics may be markedly enhanced, as well as their capacity for elevating cerebrospinal fluid pressure 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course af patients with head injures 

Codeme or other narcotics may obscure signs on which to judge the diagnosis or clinical course of patients 
with acute abdominal conditions. 

Butalbital and codeine are both habit-forming and potentially abusable. Consequently, the extended use of Fioninal® 
with Codeine is not recommended 

Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to children, including teenagers, with chicken pox or tly 


PRECAUTIONS: General: Fiorinat® with Codeine should be prescribed with caution for certain special-risk patients 

such as the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders, 

or head injuries. 

j Asong should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 
etects 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspirin is particularly likely in patents with nasal polyps, and relatively common in those with asthma 

information for Patients: Patients should be informed that Fiorinal® with Codeine contains aspirin and should 
not be taken by patients with an aspirin aliergy 

Fiorinal® with Codeine may impair tne mental and/or physica! abilities required for performance of potentially 
raare tasks such as driving a car or operating machinery. Such tasks should be avoided while taking Fiorinal® 
with Codeine. 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fionnal® with 
Codeine, and should be avoided. 

Codeine and butalbital may be habit-forming. Patients should take the drug only for as long as i iS prescribed, 
in the amounts prescribed, and no more frequently than prescnbed 

Laboratory Tests: In patients with severe hepatic or renal disease, effects of therapy should be monitored with 
serial liver and/or renal function tests 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase {MAO} inhibitors. 

In patients recewing concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and their withdrawal is followed 
by return to normal rates of renal clearance 

Fiorinal® with Codeine may enhance the effects of 
1. Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 

from plasma protein binding sites. 

2 Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, if dosage of Fiorinal® 
with Codeine exceeds maximum recommended daily dosage 

3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from secondary binding sites, and, in the case of methotrexate, also reducing its excretion, 

4. Nop- aerogel anti-inflammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 
effects. 

5, Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chiordiazepoxide, sedative-hypnotics, 
or other CNS depressants, causing increased CNS depression 

Fiorinal® with Codeine may diminish the elfects of: Uricosuric agents such as probenecid and sulfinpyrazone, 
reducing thew effectiveness in the treatment of gout Aspirin competes with these agents for protein binding sites. 

Drug/Laboratory Test Interactions 
Aspirin: Aspirin may intertere with the following laboratory determinations in blood: serum amylase, fasting blood 
glucose, cholesterol, protein, serum glutamic-oxalacetic transaminase (SGOT), uric acid, prothrombin time and bleeding 
time. Aspirin may interfere with the following laboratory determinations in urine: glucose, S-hydroxyindoleacetic acid, 
Gerhardt ketone, vanillyimandelic acid {VMA}, uric acid, diacetic acid, and spectrophotometric detection of barbiturates. 
Codeine: Codeine may increase serum amylase leveis 

Corci is, Mutagenesis, Impairment of Fertility: Adequate long-term studies have been conducted in mice 
and rats with aspirin, alone or in combination with othet drugs, in which no evidence of carcinogenesis was seen 
No adequate studies have been conducted in animals to determine whether aspirin has a potential for mutagenesis 
or impairment of fertility. No adequate studies have been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility 
Usage in Pregnancy 
Teratogenic Effects: Pregnancy Category C — Animal reproduction studies have not been conducted with Fiorinal@ 
with Codeine. It is also not known whether Fiorinal® with Codeine can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed 
Nonteratagenic Effects: Although Fiorinal® with Codeine was not implicated in the birth detect, a temale infant was 
born with lissencephaly, pachygyria and heterotopic gray matter The infant was born 8 weeks prematurely to a 
woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first tew days of 
pregnancy. The child's development was mildly delayed and from one year of age she had partial simple motor 
seizures 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a butalbital-containing 
drug during the last 2 months of pregnancy Butalbital was found in the infant's serum. The infant was given phenobarbital 
5mg/kg, which was tapered without further seizure of other withdrawal symptoms. 

Studies of aspirin use in pregnant women have not shown that aspirin increases the tisk of abnormalities when 
administered during the first trimester of pregnancy In controlled studies ea 41,337 pregnant women and 
their offspring, there was no evidence thal aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 
birth weight. In controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect, 

Reproduction studies have been performed in rabbits and rats at doses up t0 150 times the human dese and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine 

Therapeutic doses of aspirin in pregnant women close to term may Cause bigeding in mother, fetus, or neonate. 
During the fast 6 months of pregnancy, regular use of aspirin in high doses may proiong pregnancy and delivery. 

Labor and Delivery: Ingestion ol aspirin prior to delivery may prolong delivery of lead to bleeding in the mother 
or neonate. Use ol codeine during labor may lead to respiratory depression in the neonate 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk n small amounts, Dut 
the significance of the effects on nursing infants is not known Because of potential for serious adverse reactions 
wn nursing infants trom Fiorinal@ with Codeine. a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the mportance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in chidren below the age of 12 have not been established. 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness. 

Associated with Treatment Discontinuation: Of the 382 patients treated wah Fiorinal® with Codeine in controlled 
chnical trials, three (0.8%! discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons: gastrointestinal upset: lightheadedness and heavy eyelids; 
and drowsiness and generalized tingling 





incidence in Conttolied Clinical Trials: The following table summarizes the incidence rates of the adverse events 
reported by at least 1% of the Fiorinal® with Codeine treated patients in controlled clinical trials comparing Fiorinalé 
with Codeine to placebo, and provides a comparison to the incidence rates reported dy the placebo-tieated patients. 

The prescriber should be aware that these figures cannot be used to predict the incidence of side effects in 
the course of usual medical practice where patient characteristics and other factors differ from those thal prevailed 
in the clinical tnais. Similarly the cited frequencies cannot be compared with figuees obtained from other clinical 
investigations involving different treatments, uses, and investigators. 


Adverse Events Reported by at Least 1% of Fiorinal® with Codeine teated Patients 
During Placebo Controlled Clinica! Tals 





a i tern ENS e O ee 
Body System! Frorinat®/Codeine Placebo 
_ Adverse Event. AN S82) ee, (N= 377} 
Centro! Nervous 

Drowsiness 24% 0.5% 

Dizziness/Lightheadedness 26% 05% 
intoxicated Feeling 10% 0% 
Gastrointestinal 

37% 08% 






Other Adverse Events Reported During Controlled Clinical Iriats: The listing that folfows represents the proportion 
of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. It is important to emphasize that, althoug the adverse events reported 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily caused 
by Fiorinal® with Codeine. 

Adverse events are classified by body system and frequency. “Frequent” is delineg as an adverse event which 
occurred in at least 1/100 {1%} of the patients; all adverse events listed in the previous table are frequent. “infrequent” 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All adverse 
events tabulated below are classified as infrequent. 

Central Nervous: headache, shaky feeling, tingling, agitation, tainting, fatigue, heavy eyelids, nigh energy, hot spells, 
numbness, and siuggishness. 

Autonomic Nervous: dry mouth and hyperhidrosis. 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn. 

Cardiovascular: tachycardia. 

Musculoskeletal: teg pain and muscle fatigue. 

Genitourinary: diuresis. 

Miscellaneous: pruritus, tever, earache, nasal congestion, and tinnitus. 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeme, that have been received 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with 
Codeine, are listed below Many or most of these events may have no Causal relationship with the drug and are 
listed according to body system. 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred: speech, twitching, uncon- 
sciousness, vertigo. 

Autonomic Nervous: epistaxis, flushing, miosis, salvation. 

Gastrointestinal: anorexia, appetite increased, constipation, diarrhea, esophagitis, gasoenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer. 

Cardiovascular, chest pain, hypotensive reaction, paipilations, syncope 

Skin: erythema, erythema multiforme, extoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficulty. 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
{stomach upset}, edema. 

The following adverse drug events may be borne in mind as poena elfects of the components of Fiorinal® 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert. 

Asprin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, aeartburn, nausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods, impaired urate excretion, hepatitis. 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia. 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus. 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Erforcement Administration 
and is classified under Schedule fi. 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential tor 
being abused. Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications. 

Butalbital: Barbiturates may be habit loring. Tolerance, psychological dependence, ard physical dependence 
may occur especially following prolonged use of high doses of barbiturates. The average daily dose for the barbiturate 
addict ig usually about 1,500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
level of intoxication increases: tolerance to a fatal dosage, however, does not increase more than two-fold. As this 
occurs, fhe margin between an intoxication dosage and fatal dosage becomes smaller. The lethal dose of a barbiturate 
is far less # alcohol is also ingested. Major withdrawal symptoms [convulsions and delirium} may occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period of approximately 15 days. Treatment of barbiturate dependence consists o! cautious and gradual 
withdrawal of the drug. Barbiturate-dependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient. 


OVERDOSAGE: The toxic effects of acute overdosage of Fiorina! with Codeine capsules-are attributable mainly 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occur 
in very high dosages only, the possibility of significant caffeine toxicity from Fiorinal® witt Codeine overdosage 
is unlikely. 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, contusion, and 
coma; respiratory depression; hypotension, shock. Symptoms attributable to. acute aspirin poisoning include hyperpnea, 
acid-base disturbances with development of metabolic acidosis, vomiting and abdominal pain;tinnitus, hyperthermia, 
hypoprothrombinemia, restlessness, delirium, convulsions. Acute caffeine poisoning may cause asomnia, restlessness, 
tremor, and delirium; tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the nad of: pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur, 

Treatment: The following paragraphs describe one approach to the treatment ot overdose with Fionnal® with 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation with a 
regional poison contro! center is strongly encouraged 

eatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism, Vomiting shouid be induced mechanically or with emetics 
in the conscious patient. Gastric lavage may be used if the pharyngeal and laryngeal reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when necessary to provide assisted respiration. Diuresis, alkalinization of 
the urine, and correction of electrolyte disturbances should be accomplished through adminiswration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water. 

Meticulous attention should be given to maintaining adequate pulmonary ventilation. Correction of hypotension 
may requite the administration of levarterenol bitarrate or phenylephrine hydrochloride by intravenous infusion. In 
severe casas of intoxication, peritoneal dialysis, hemodialysis, or exchange transtusion may be lifesaving. 
Hypoprothrombinemia should be treated with vitamin K, intravenously. 

Methemoglobinemia over 30% should be treated with methylene blue by slow intravenous administration 

Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated wath opioid overdose, 
Typically, a dose of 0.4 mg to 2 mg is Ego parenterally and may be repeated if an adequate response is not 
achieved Since the duration of action of codeine may exceed that of the antagonist, the patent should be kept 
under continued surveillance and repeated doses of the antagonist should be administered as needed to maintain 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically sgnificant respiratory 
or cardiovascular depression. 

Toxic and Lethal Doses: 

Butalbital: toxic dose 1.0 g {aduti} lethal dose 2.0-5.0 g 

Aspirin: toxic blood level greater than 30 mg/100 mL. letha! dose 10-30 g {adult} 
Caffeine: toxic dose greater than 1.0 g: lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g fadutt} 
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High-Intensity Area in the Deep White Matter 
Indicating Hemodynamic Compromise in Internal 
Carotid Artery Occlusive Disorders 


Hiroshi Yamauchi, MD; Hidenao Fukuyama, MD; Shinya Yamaguchi, MD; 
Toshihiko Miyoshi, MD; Jun Kimura, MD; Junji Konishi, MD 


e We used positron emission tomography 
and magnetic resonance imaging to evaluate 
16 patients with transient ischemic attacks or 
minor strokes and unilateral internal carotid 
occlusive disease, five with stenosis, and 11 
with occlusion. Cerebral blood flow, cerebral 
metabolic rate of oxygen, oxygen extraction 
fraction, cerebral blood volume, and 
T,-weighted magnetic resonance images ob- 
tained at 1.5-T were analyzed. Irrespective of 
vascular disease, patients with a confluent 
high-intensity area in the middle centrum se- 
miovale had substantially decreased cere- 
bral blood flow and ratio of cerebral blood 
flow to blood volume in the middie cerebral 
artery distribution of the cortex, with a sub- 
stantially increased oxygen extraction frac- 
tion. We concluded that the confluent high- 
intensity area in the deep white matter region 
indicates hemodynamic compromise in the 
affected hemisphere in internal carotid artery 
occlusive disease. 

(Arch Neurol. 1991 ;48:1067-1071) 


MV 2eretic resonance imaging (MRD, 

especially T,-weighted images, 
has been found to be very sensitive in 
the detection of cerebral white matter 
disease.’ However, whether high signal 
intensity in the periventricular or para- 
ventricular regions on T,-weighted im- 
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ages may indicate a pathologic state or 
may be of no importance remains uncer- 
tain.” 

Hypoperfusion secondary to internal 
carotid artery (ICA) occlusion often re- 
sults in cerebral infarction involving the 
deep white matter, especially the wa- 
tershed zone between the distribution 
of the anterior cerebral artery and mid- 
dle cerebral artery (MCA), with sparing 
of the cortical surface.™ This may be 


Fig 1.— Examples of high-intensity lesions on Ty 


because the subcortical watershed zone 
supplied by the most distal branches of 
the cortical perforating arteries is most 
susceptible to a reduction in perfusion 
pressure,’ although the regional differ- 
ences in the capacity for collateral ves- 
sel blood supply must be considered.’ 
This speculation supports the hypothe- 
sis that ischemic change in the middle 
centrum semiovale, the most distal 
white matter region supplied by the 


-weighted magnetic resonance images (repetition time, 


2000 msec; echo time, 80 msec). Left, Confluent high-intensity area in the middie centrum semiovale 
patchy high-intensity area in patient 8. Right, 
patient 2. Upper and lower rows correspond to the 
eral ventricle, respectively. 


(arrow) in patient 13. Middle, immediate subcortical 
Immediate subcortica! punctate high-intensity areas in 
levels of the centrum semiovale and the body of the lat 
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Table 1.—Clinical and Radiographic Data on 16 Patients 
With Carotid Artery Occlusive Disease * 


Patient/ 
Age, y/ Associated 


Sex Condition Presentation 





Group ICS(—) 
1/65/M HT TIA (once), 
amaurosis 
fugax (L, once) 

TIA (once), 
minor 
stroke 

TIA (once), 
minor stroke, 


Minor stroke 





2772/F 





3/63/F 





4/53/M 





5/63/M TIA (once), 
Minor stroke 
Group ICO(~) 
6/67/M Gout TIA (once) 
7/63/M None TIA (once) 
8/58/F None TIA (once), 
minor stroke 
9/60/M HT TIA (once) 
10/70/M — None TIA (once) 
11/56/M = Angina Minor 
pectoris stroke 
Group ICO(+) 
12/57/M None TIA (once) 
13/58/M HT Amaurosis 
fugax 
{R, twice), 
TIAs (frequent) 
14/57/M None TIA (twice) 
15/46/M 0M Minor stroke 
16/58/M None Minor stroke 





Physica! Angiography Infarct 
Examination {4 Axis} at CT 
Normal L ICA 90% 
stenosis 
Mild L-sided R ICA 95% R parietal 
hemiparesis stenosis subcortex 
L-sided upper R ICA siphon R parietal 
limb drift 80% stenosis subcortex 
Mild R ICA 70% R parietal 
L-sided stenosis subcortex 
hemiparesis 
Mild L ICA siphon L corona 
R-sided 90% stencsis radiata 
hemiparesis 
Normal L ICA occ. None 
Normal R ICA occ. None 
Mild R-sided L ICA occ. L parietal 
sensory subcortex 
disturbance 
Norma! R ICA occ. None 
Normal R ICA occ. None 
Mild L-sided R ICA occ. R frontal 
hemiparesis subcortex 
Normal R ICA occ. None 
R-sided upper L ICA occ., None 
limb drift R ICA 30% 
stenosis 
R-sided L ICA occ., None 
upper limb R ICA 30% 
drift stenosis 
Mild L-sided R ICA occ., R centrum 
upper limb L ICA siphon semiovale 
weakness 40% stenosis 
Mild L-sided R ICA occ. R centrum 
hemiparesis semiovale 


* CT indicates computed tomography; HT, hypertension; DM, diabetes mellitus; occ., occlusion; TIA, transient 
ischemic attack; ICA, internal carotid artery; MCA, middle cerebral artery; VB, vertebrobasilar artery: VA, ver- 
tebral artery; ICS(—), patients with stenosis without the high-intensity area in the middie centrum semiovale; 
1CO(—), patients with occlusion without high-intensity area; and ICO(+), patients with occlusion with high-inten- 


sity area. 


ICA, indicates hemodynamic compro- 
mise in the affected hemisphere in ca- 
rotid occlusive diseases. 

Our purpose was to evaluate the rela- 
tionship between the cortical hemody- 
namic status and the presence of a white 
matter high-intensity area on MRI in 
carotid occlusive disease and to examine 
the high-intensity area as a sign of he- 
modynamie compromise. 


PATIENTS AND METHODS 
Patients 


Our study involved 16 patients with unilat- 
eral ICA occlusive disease, five with stenosis 
(270% diameter reduction) and 11 with oc- 
clusion. Neurologic histories of the 16 pa- 
tients consisted of eight with transient is- 
chemic attacks and eight with minor complet- 
ed strokes, all related to the affected carotid 
distribution. Our criteria for selection were 
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as follows; (1) In all patients with ICA steno- 
sis (ICS), the earotid artery distribution of 
the affected hemisphere was perfused 
through the stenosed carotid artery proper 
onangiography. All patients with ICA occlu- 
sion (ICO) had collateral vessel circulation 
through the anterior portion of the circle of 
Willis. In these two categories of carotid ar- 
tery disease, the centrum semiovale is the 
most distal white matter area perfused by 
the stenosed carotid artery or the collateral 
vessel circulation through the anterior com- 
municating artery. (2) All patients had, at 
most, only minor subcortical abnormalities 
(<1.5 em in diameter) in the region supplied 
by the MCA on the side involved by carotid 
artery disease on computed tomography 
(CT). 


Positron Emission Tomographic 
(PET) Measurement 


Specifications of our PET scanner have 
been reported elsewhere.” In brief, it con- 


sists of four rings of 192 bismuth germanate 
detectors, providing seven slices with each 
scan. The device offers the best spatial reso- 
lution of 7.6 mm in full width half maximum at 
the center of the scan field and axial resolu- 
tion of 12 mm at the center. Blood was sam- 
pled through cannulation of the brachial ar- 
tery three times during a scanning process to 
determine oxygen 15 activity and arterial 
blood gases. Before the study, transmission 
scanning with germanium 68-gallium 68 was 
performed for 20 minutes for attenuation cor- 
rection. We determined calibration factors 
between the PET scanner and the well 
counter in every study, as well as the calibra- 
tion factor of cross-planes of the PET sean- 
ner, A dead time correction and a scatter 
correction were performed on obtained data. 
Image data were processed with an image 
processing computer (Hitachi Medical Co, 
Tokyo, Japan) with the use of system subrou- 
tines to reconstruct functional images consti- 
tuting 64 x 64 pixels, each pixel representing 
2.5x 2.5mm. 

Cerebral blood flow (CEF) was deter- 
mined while the patient was continuously 
inhaling °O-labeled carbon dioxide (370 to 
555 MBq per minute) through a mask. Mea- 
surement of the cerebral metabolic rate of 
oxygen (CMRO,) and oxygen extraction frac- 
tion (OEF) of the brain required continuous 
inhalation of “O-labeled oxygen at 740 to 
1110 MBq per minute. Scan data were col- 
lected for 5 minutes. A single breath of 
4Q-labeled carbon monoxide (2960 MBq) was 
used to measure cerebral blood volume 
(CBV). Calculation of CBF, CMRO,, and 
OEF was based on the steady-state meth- 
od, and CMRO, and OEF were corrected by 
the CBV.” 

Positron emission tomography was per- 
formed at least 1 month after the latest is- 
chemie event in all patients. 


MRI 


After PET scanning, MRI (Signa, General 
Electric, Milwaukee, Wis; 1.5 T) was per- 
formed. T,- and T,-weighted images were 
obtained with a spin-echo sequence with a 
repetition time of 2000 msec and an echo time 
of 80 msec and a repetition time of 400 msec 
and an echo time of 20 msec, respectively. 
Magnetic resonance images were obtained as 
closely as possible and parallel to the scan 
plane of the PET images. Slice thickness was 
3mm, with a 2-mm interslice gap. 


Data Analysis 


Patients with ICO were divided into two 
subgroups, based on the presence or absence 
of a high-intensity area in the middle cen- 
trum semiovale of the occluded hemisphere 
on T,-weighted images. The high-intensity 
area was a confluent area far fram the cere- 
bral cortex and ventricular wall, extending 
along the dorsolateral aspect. of the lateral 
ventricle (arrow in Fig 1, top left). These 
abnormalities were usually undetectable on 
CT and T,-weighted images. No patients 
with ICS had this high-intensity area. Pa- 
tients without this high-intensity area had 
punctate or patchy, or linear, high-intensity 
areas in the immediate subcortical or peri- 
ventricular white matter (Fig 1, middle and 
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Fig 2.—Distribution of the high-intensity areas on T,-weighted magnetic resonance images in the three 
patient groups. Numbers are patient numbers, as listed in Table 1. ICS(— ) indicates patients with stenosis 
without the high-intensity area in the middle centrum semiovale; ICO( —), patients with occlusion without 
this high-intensity area; and ICO(+), patients with occlusion with this high-intensity area. 





Fig 3.—Three diagrams illustrating circular regions of interest, placed over the cerebral cortex divided into 
five areas: territories supplied by the anterior cerebral artery (ACA), middie cerebral artery (MCA), and 
posterior cerebral artery (PCA), as well as the watershed areas between the ACA and MCA (anterior 
watershed [AWS]) and the MCA and PCA (posterior watershed [PWS]). A hemispheric value was 
calculated as the average of the MCA, AWS, and PWS in the affected hemisphere (solid circies), weighted 
by region size. 


right). The study patients were then divided 
into three subgroups: group ICS(—) (n=5; 
mean age, 63.2 years) included patients with 
stenosis without this high-intensity area in 
the middle centrum semiovale (Fig 1, mid- 
dle); group ICO(—) (n=6; mean age, 62.3 
years) included patients with occlusion with- 
out this high-intensity area (Fig 1, right); and 
group ICO( +) (n=5; mean age, 55.2 years) 
included patients with occlusion with this 
high-intensity area (Fig 1, left). Clinical and 
neuroradiologic data on patients in the three 
groups are summarized in Table 1. Distribu- 
tlons of the high-intensity areas in all cases 
are illustrated in Fig 2. 
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We analyzed three tomographic planes— 
4.0, 6.6, and 8.2 em above and parallel to the 
orbitomeatal line. These corresponded to the 
levels of the basal ganglia and thalamus, the 
body of the lateral ventricle, and the centrum 
semiovale. Each image was examined by 
placing a total of 18 to 20 circular regions of 
interest, each containing 11 pixels 
(0.785 em’), over the gray matter of the cor- 
tex (Fig 3). According to the atlas by 
Kretschmann and Weinrich,” the regions of 
interest in all three images were included in 
the distribution of the anterior cerebral ar- 
tery, MCA, and posterior cerebral artery, as 
well as the watershed areas between anteri- 
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or cerebral artery and MCA (anterior water- 
shed) and the MCA and posterior cerebral 
artery (posterior watershed). A hemispherie 
value was calculated as the average of the 
MCA, anterior watershed, and posterior 
watershed in the affected hemisphere, 
weighted by region size. 

Hemispheric values from the three patient 
groups were compared with analysis of vari- 
ance with Bonferroni’s ¢ test, with differ- 
ences yielding P<.05 regarded as 
significant. 


RESULTS 


The physiologic states of the three 
patient groups during PET scanning 
are described in Table 2, including arte- 
rial hemoglobin concentration, hemato- 
crit, Pao, Paco,, and mean arterial 
blood pressure. 

Figure 4 shows the hemispheric val- 
ues for regional CBF, CMRO,, OEF, 
CBV, and CBF/CBV for each patient in 
the three groups. Patients with ICO and 
the high-intensity area in the middle 
centrum semiovale (ICO[ +] group) had 
significantly (P<.01) decreased CBF 
and CBF/CBV, with significantly 
(P<.05) elevated OEF, compared with 
the other two groups. The MRO; re- 
duction was significant only when com- 
pared with the ICS(—) group. A diffe 
ence in CBF only was present between 
the ICO(— ) and ICS(—) groups. i 


COMMENT 


The high prevalence of subcortical 
high-intensity areas on T,-weighted im- | 
ages in the elderly makes its clinical 
significance obscure.’ The high intensi: 
ties include such abnormalities as état 
criblé, atrophic perivascular demyelin- 
ation, gliosis, myelin pallor, demyelin- 
ation, edema, and infarction.” In ICO, | 
high-intensity areas on T,-weighted im- 
ages are considered to be a result of 
ischemic changes. Computed tomog- 
raphy and T,-weighted images do not 
detect corresponding abnormalities, 
implying that the high-intensity areas 
in the T,-weighed images do not indicate 
complete infarctions with cavitation but 
only mild or early ischemic changes. 
Magnetic resonance imaging is able to 
detect the abnormalities at an early 
stage, before severe ischemic damage 
develops. 

Stained or striated hypodense areas 
in the parietal white matter on CT, 
mostly in the supraventricular region, 
have been reported to be a typical find- 
ing in cases of stenosis or occlusion of 
the carotid artery.’ Another study’ in- 
volving MRI also reported that unilat- 
eral high-intensity areas in the deep wa- 
tershed zone on T,-weighted images 
were frequently associated with sub- 
stantial carotid stenosis, defined as 
greater than 80%. The watershed in- 
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Table 2.—Baseline Physiologic Data on Patients in the Three Groups” 


















































Factor IcS(-) ICO(—) ICO(+) 
Paco,, mm Hg 43.8 + 7.0 38.6 + 10.3 43.0 + 1.1 
Pao,, mm Hg 86.0 + 7.5 86.8 + 7.0 84.6 + 7.7 
Hematocrit 0.369 + 0.043 0.378 + 0.045 0.412 + 0.021 
Hemoglobin, g/L 126 + 16 126 + 17 140 + 21 
MABP, mm Hg 99.1 + 14.1 100.4 + 12.5 98.7 + 13.6 





* Values are mean + SD. MABP indicates mean arterial blood pressure. There was no difference among the 
three groups, which are explained in the text and in Table 1. 
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farctions in ICO are derived from vari- 
ous pathogeneses.” Among them, 
deep watershed infarction has been be- 
lieved to be hemodynamic. *®*" Internal 
earotid artery occlusion with adequate 
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Fig 4.—Hemispheric values (mean + SD) 
of cerebral blood flow (CBF), cerebral 
metabolic rate of oxygen (CMRO,), oxy- 
gen extraction fraction, cerebral blood vol- 
ume (CBV), and the ratio of CBF to CBV in 
each patient in the three patient groups. 
See Fig 2 for an explanation of the patient 
groups. 


anterior circle of Willis anastomosis, 
such as in our patients, has often been 
associated with this type of hemody- 
namically induced infarction.” The mid- 
dle centrum semiovale is a watershed 


zone supplied by the distal intraparen- 
chymal penetrating arterioles™ and is 
the most distal white matter area per- 
fused by collateral vessel circulation 
through the anterior portion of the cir- 
cle of Willis after ICO. Hypoperfusion 
from ICO generates ischemic changes in 
this area at an early stage. We reported 
that the confluent high-intensity area 
on T,-weighted images in the middle 
centrum semiovale contained increased 
CBV.” This finding indicates that this 
high-intensity area that is susceptible to 
a reduction in perfusion pressure has 
prominent compensatory vasodilata- 
tion. We also showed in this study that 
patients with this high-intensity area 
had less hemodynamic reserve, de- 
creased CBF, increased OEF, and de- 
creased CBF/CBV ratio in the cerebral 
cortex compared with thase without it. 
Minor cerebral perfusion pressure 
change would elicit more devastating 
CBF reduction, resulting in ischemic 
changes in such less reserved hemi- 
sphere than normally perfused brain. ®™ 
This high-intensity area on MRI is a 
serious sign of a deterioration of hemo- 
dynamic state in ICO with good collater- 
al vessel circulation through the anteri- 
or portion of the circle of Willis. 

Few studies have attempted to corre- 
late white matter lesions on MRI with 
CBF and metabolism.” In carotid ar- 
tery diseases with various degrees of 
white matter lesions, only multiple 
large or confluent white matter lesions 
in any location are accompanied by re- 
duced cortical CBF, with no relation- 
ship between the degree of the white 
matter lesions and the severity of the 
hypoperfusion.” White matter lesions, 
without taking into account their topog- 
raphy, are nonspecific findings and do 
not relate to the hemodynamic change 
resulting from carotid artery disease. 
We should note whether high-intensity 
areas exist in the region vulnerable or 
not vulnerable to decreased perfusion. 


CONCLUSION 


The confluent high-intensity area on 
T,-weighted images in the middle cen- 
trum semiovale indicates hemodynamic 
compromise in ICO with good collateral 
vessel circulation through the anterior 
portion of the circle of Willis. Detection 
of this abnormality necessitates strict 
control of systemic hemodynamic fac- 
tors, such as systemic blood pressure 
and blood viscosity,”” and further in- 
vestigation of the hemodynamic state of 
general circulation. Ischemic changes 
resulting from hypoperfusion may, in 
their early stages, produce only subtle, 
subjective symptoms but be easily de- 
tectable with MRI. Therefore, MRI isa 
useful diagnostic tool to identify pa- 
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tients at risk for hemodynamic ischemia 
before the development of major neuro- 
logie deficits or infarction. 


We thank to Yoshihara Yonekura, MD, and Ya- 
sushi Iwasaki, MD for their support and advice. 
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Automatic Memory Processes in 
Patients With Multiple Sclerosis 


Jordan Grafman, PhD; Stephen Rao, PhD; Linda Bernardin, MS; Gary J. Leo, DO 


e To better understand the nature of the 
memory deficit in patients with multiple scle- 
rosis, we designed a study to compare auto- 
matic vs effortful memory processes. Forty- 
one patients with definite multiple sclerosis 
and 45 demographically matched normal 
control subjects were administered two 
tasks designed to assess both automatic 
(monitoring frequency and modality) and ef- 
fortful (free and cued-recall) processing. Re- 
sults indicated that patients with multiple 
sclerosis, as expected, were significantly im- 
paired on memory measures requiring effort, 
but performed normally on automatic mea- 
sures. Performance on the memory indexes 
did not correlate with self-reported depres- 
sion. The implications of these findings for 
delineating the locus of the memory impair- 
ment in multiple sclerosis is discussed. 

(Arch Neurol. 1991;48:1072-1075) 


ecent neuropsychologic studies 
have shown that approximately 
50% of patients with multiple sclerosis 
(MS) exhibit disorders of memory (for a 
recent review of this literature, see 
Grafman et al’). The most common form 
of memory loss is characterized by an 
impairment in episodic memory, de- 
fined as an inability to retrieve daily 
events that occur at a specific time and 
place.” Only rarely do MS patients ex- 
perience difficulty with semantic memo- 
ry, ie, retrieving names, facts, and con- 
cepts.*’ This distinction between 
episodic and semantic memory is a pop- 
ular one, which has been intensively 
studied in normal and impaired popula- 
tions." 

Another useful distinction in charac- 
terizing memory processes contrasts ef- 
fortful vs automatice cognitive opera- 
tions." Effortful operations usually 
refer to explicit search and strategy 
procedures used to encode and then re- 
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call or recognize previously presented 
material. Automatic operations, in con- 
trast, tend to require less focused atten- 
tion and are involved in encoding and 
retrieving the (task-defined) less salient 
aspects of a stimulus." Hasher and 
Zacks" described a variety of tasks that 
fulfilled their criterion for measuring 
automaticity and included tests of fre- 
quency (eg, how often a stimulus ap- 
peared") and stimulus modality (eg, re- 
call of whether an item was originally 
shown as a picture or word) monitoring. 
Automatic operations appeared to de- 
mand less sustained concentration and 
fewer cognitive resources." Thus, 
items automatically processed should 
be equally recalled under intentional 
and incidental encoding conditions. 
Furthermore, practice in coding fre- 
quency or modality would also be ex- 
pected to have little effect on effortful 
recall of item frequency or modality.” In 
addition, attention to other aspects of a 
task should not detract from automatic 
processing." 

One test of the functional indepen- 
dence of automatic memory operations 
would be to study abnormal populations 
on tasks requiring both automatic and 
effortful operations.” Because an as- 
pect of the way in which people remem- 
ber events in episodie memory (eg, 
events occurring while eating dinner at 
a new restaurant) is by “automatically” 
recording the less salient or attended-to 
properties of episodes (eg, how long it 
took to eat dessert) in parallel with “ef- 
fortful” processing during the episode 
(eg, remembering where one ate for din- 
ner), it might be expected that both pro- 
cesses would be adversely affected by 
central nervous system diseases such as 
MS that affect retrieval of episodic 
memories. In addition, because auto- 
matic processing should be resistant to 
changes in effort or motivation,” it 
might be a particularly sensitive mea- 
sure (compared with other standard ef- 
fortful memory measures such as story 
recall or word list learning) to use in 
separating out the effects of depression 
from the more direct effects of MS on 
memory. The effort required to encode 
information using cognitive strategies 
may be constrained by certain symp- 
toms found in depressed patients, such 
as lack of energy or amotivation. 


In the experiments reported below, 
we utilized two tasks designed to evalu- 
ate automatic and effortful processing, 
One task evaluated subject sensitivity 
to the frequency of stimulus presenta- 
tion using both frequency monitoring 
and free-recall measures, while the 
other task evaluated paired-associate 
learning using both stimulus modality 
monitoring and free and cued-recall 
measures. We predicted that MS pa- 
tients would not be impaired on auto- 
matic processing measures, but that 
their performance on the effortful mea- 
sures would distinguish them from con- 
trol subjects. 


SUBJECTS AND METHODS 
Subjects 


Patients with MS (n=41) and matched 
control subjects (n = 45) were included in this 
study. The MS patients who participated in 
this study were recruited randomly from a 
membership listing compiled by a local MS 
society. Medical records were reviewed to 
determine the basis for the diagnosis of MS. 
In addition, all patients underwent a neuro- 
logic examination and magnetic resonance 
imaging as part of the present study. Diagno- 
sis was established by the results of neuro- 
logic and neuro-ophthalmologic examination, 
evoked potentials, cerebrospinal fluid analy- 
sis, and brain imaging. As a result of the 
recruitment. method, all but two (4.9%) pa- 
tients were in remission at the time of the 
evaluation. All patients met. the criteria for 
clinically or laboratory-supported definite 
MS, as determined by the criteria of Poser et 
al.” Patients with a history of alcohol or drug 
abuse or nervous system cisorders other 
than MS were excluded. Physical disability 
was rated on the 10-point Expanded Disabil- 
ity Status Seale.” Eight (19.5%) patients 
were taking potentially psychoactive medi- 
cations at the time of the evaluation. No MS 
patient rated as clinically depressed on the 
Zung Depression Scale (see below) had re- 
ceived electroconvulsive therapy. 

Control subjects were also screened for 
evidence of cognitive dysfunction, neurologic 
disorders, alcohol or drug abuse, or positive 
psychiatric history and were excluded if they 
had a first-degree relative with either major 
affective disorder or dementia. Subjects 
were matched as closely as possible for sex, 
age, and education level (Table). Both MS 
patients and control subjects were paid for 
their participation in this study: 

Both groups were administered the Mini- 
Mental State” dementia examination, and 
the Zung Self-Rating Depression Scale.” 
The MS group reported significantly more 
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symptoms of depression than did control sub- 
jects (Table) In addition, there was a mar- 
ginally significant group difference on the 
Mini-Mental State examination. 


Testing 


Control subjects and MS patients were ad- 
ministered all tests during the same testing 
session at the Medical College of Wisconsin, 
Milwaukee. Test administration was coun- 
terbalanced within groups. 

Frequency Monitoring. —We used a ver- 
sion of the Hasher and Zacks” Frequency 
Monitoring Task. A list of 90 words was read 
to the subjects at a rate of one word every 
3 seconds. Within the list, some words were 
presented once, others twice, three times, 
and up to seven times. Subjects were asked 
to listen carefully and try to remember the 
words. After a brief interval at the end of the 
testing session, subjects were asked to recall 
all the words that they could remember from 
the list (free recall). Following another brief 
delay, subjects were told that they would be 
presented with a set of words from the list 
(they were also told that some of the words 
had not been presented) and were asked to 
judge how often the word had appeared on 
the previous list (frequency monitoring). 
Scoring included total number of words re- 
called in the free-recall condition, number of 
words freely recalled from each frequency 
category, and a subject estimate of the num- 
ber of times words from each frequency cate- 
gory appeared on the original list. In addi- 
tion, we subtracted the estimated mean 
frequency of words that actually appeared 
from one to three times on the list from words 
that appeared four to seven times to obtain 
an index of frequency monitoring. The num- 
bers of words for each actual frequency (AF) 
category were presented to subjects in the 
estimation part of the task as follows: 
AF0=3; AF1=4; AF2=5; AF3 =6; AF4=6; 
AF5=3; AF6=2; and AF7=1. 

Paired-Associate Learning Test.—Sub- 
jects were shown 32 pairs of stimuli. Eight of 
the pairs were concrete, imaginable words, 
eight of the pairs were pictures (line draw- 
ings of objects), eight pairs were composed of 
a word-picture combination, and the last 
eight pairs were of the picture-word form. 
Half the pairs were made up of related items; 
half were unrelated. After viewing all the 
pairs, subjects were asked to freely recall all 
of the items that were presented. Next, sub- 
jects were shown a cue (the initial item of a 
pair) and asked to recall the associate. Final- 
ly, subjects were told that they would hear 
the names of all items that were on the test 
and would be asked to say whether they were 
originally presented as a picture or as a word. 
Variables of interest include free and cued 
recall and modality of presentation. Remem- 
bering whether an item was presented as a 
word or as a picture was considered an inci- 
dental learning (ie, automatic processing) 
condition. One MS patient did not take this 
test. 

The key variables of interest were the ef- 
fects due to group and those due to type of 
cognitive processing operation (ie, effortful 
vs automatic). Effortful operations in both 
the Paired-Associate and Hasher Frequency 





“Estimation tasks were considered the free 
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Subject Table 



















Patients 
With Normal 
Multipie Control 
Sclerosis Subjects 
{n= 41) (n = 45) 
Age, y 47.8(7.9) 47.0 (8.3) 
Education, y 13.6 (2.6) 14.2 (2.3) 
Sex, M/F 11/30 5/40 
Zung Depression 
Scale score 40.1 (9.8) 33.7 (9.9)+ 
Mini-Mental State 
Examination 
score 28.7 (1.6) 29.3 (1.1)* 
Expanded Disability 
Status Scale 
score 4.57 (2.4) 
Duration of symptoms, 
16.1 (7.58) 






and cued-recall measures. Automatic opera- 
tions were represented by the frequency es- 
timation and modality monitoring measures. 
A more complete description of the tasks 
used here and their relationship to each other 
can be found in a study by Weingartner et 
al.” Statistical comparisons used analysis of 
variance for main effects and Tukey-B tests 
for group comparisons. Correlations were 
completed using Pearson product correlation 
coefficients. All data are reported as 
means + SDs. 


RESULTS 
Efforttul Processing: 
Free and Cued Recall 


We first compared overall free recall 
on the Hasher Frequency Monitoring 
Task and found a significant between- 
group difference (F[1,84] = 7.41; 
P<,008). In addition, we found an ex- 
pected significant main effect for fre- 
quency (F[38,252] = 59.48; P<.0001) but 
a nonsignificant group x frequency in- 
teraction (P>.10). Control subjects re- 
called significantly more words than did 
MS patients, but both groups benefited 
in free recall by having words repeated 
during stimulus presentation (Fig 1). 
Results from the free-recall portion of 
the Paired-Associate Test (Fig 2) again 
revealed that control subjects recalled 
more items than did MS patients 
(t[83]) = — 4.20; P<.0001). Under cued- 
recall conditions (Figs 3 and 4), there 
was a significant between-group effect 
for the related and unrelated pairs com- 
parison (F[1,83] = 9.64; P<.003) as well 
as for all the picture-word pair combina- 
tions (F[1,83]=9.64; P<.003). Both 
control subjects and MS patients re- 
membered more related than unrelated 
pairs (F[1,83]=591.37; P<.0001) and 
more pairs when the item cue was a 
picture (F[8,249]= 16.75; P<.0001). 
None of the group by condition interac- 
tions were significant for cued-recall 
processing. 
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100 
~e@— MS Patients 


90 -O- Normal Control Subjects 


Mean % of Words Recalled 
oO 
oO 





0 T T py hs 

1 2 3-4 5-6-7 

Number of Times Words Were Presented: 
Fig 1.—Hasher Frequency — Discrimination 
Task: free recall of words as a function of how 


frequently a word had been presented. MS ; 
indicates multiple sclerosis. i 


Mean No. of items Recalled 


Normal Control 
Subjects 

Fig 2.—Paired-Associate Test; free recall. MS 

indicates multiple sclerosis. 


MS Patients 





Automatic Processing: 
Frequency and Modality Monitoring 


When asked to estimate the frequen- 
cy with which a word appeared on the ` 
Hasher Frequency Monitoring Task 
word list (Fig 5), both control subjects: 
and MS patients demonstrated that. 
they were sensitive to increasing fre- 
quency of stimulus presentation- 
(F [7,588] = 154.93; P<,0001). There 
were no overall between-group differ- 
ences in frequency estimation (P>.10), 
although a significant group by frequen- 
cy interaction effect (F[7,588]= 4.50; 
P<,001) was found, indicating that MS 
patients tend to make judgments that 
underestimate frequently presented 
words and overestimate words that 
were presented infrequently or even 
not at all. As far as modality monitoring 
on the Paired-Associate Test was con- 
cerned (Fig 6), there were no significant 
between-group differences. 


1073. 


E MS Patients 
Normal Control Subjects 






Mean % of Items Recalled 





Semantically Semantically 
Related Unrelated 


Relatedness of Item Pairs 
Fig 3.—Paired-Associate Test: cued recall as 
a function of semantic relatedness. MS indi- 
cates multiple sclerosis. 


Other Results 


There were no group differences on 
the number of intrusions for either test. 
For the MS patients, the free-recall 
measures from both tests were signifi- 
cantly correlated (r= .58, P<.0001), as 
were the two automatic memory mea- 
sures (frequency/modality monitoring; 
r=.45, P<.005). In contrast, for the 
control subjects, the free-recall mea- 
sures were significantly correlated 
(r= .63, P<.0001), but the frequency/ 
modality measures were not (7=.26, 
P>,05), This might be due to a ceiling 
effect for the control subjects on the 
modality monitoring measure. 

There were no significant (P<.01) 
correlations between the automatic and 
effortful memory measures and depres- 
sion (Zung scale), physical disability 

. (Expanded Disability Status Scale), du- 
ration of symptoms, or education. 


COMMENT 


Our results indicate that MS patients, 
like control subjects, are sensitive to the 
less attended aspects of stimulus pro- 
cessing such that they are able to re- 
trieve incidental properties (ie, the mo- 
dality of a stimulus or its frequency of 
presentation) of a stimulus that elicited 
predominantly semantic processing. On 
the frequency monitoring measure, MS 
patients tended to underestimate fre- 
quently presented items and overesti- 
mate rarely presented items, suggest- 
ing that they adapted a conservative 
scaling bias. As expected, the MS pa- 
tients had some difficulty on effort-de- 
manding memory measures such as free 
and cued-recall processings. However, 
their performance on cued-recall pro- 
cessing was as sensitive as that of the 
control subjects to the conditions of re- 


1074 Arch Neurol— Vol 48, October 1991 


I MS Patients 


a Normal Control Subjects 


Mean % of Items Recalled 





Word-> 
Word 


Picture Picture Word 


Word Picture 
Cued-Recail Conditions 


Fig 4.—Paired-Associate Test: cued recall as 
a function of stimulus modality pairing. MS 
indicates multiple sclerosis. 


Picture 


latedness and type of cue. This finding 
of effortful memory deficit is rather non- 
specific because it occurs in almost all 
patients with brain disease or serious 
psychiatric disorder and it has been ob- 
served across almost all studies of MS. 
Our results also indicated that level of 
depression played no role in the effortful 
memory deficit of patients with MS. 

Why do MS patients succeed on these 
measures of automatic processing de- 
spite problems in effortful processing? 
Hirst and Volpe” described the perfor- 
mance of amnesics on measures of auto- 
matic processing and reported that ade- 
quate performance on such measures 
required relatively intact effortfiul pro- 
cessing. Yet Beatty et al* and Rao et 
al” have found that MS patients who 
also have poor effortful memory as seen 
on free and cued-recall tasks do well on 
automatic and implicit memory tasks. 
Perhaps so-called automatic operations 
basically represent ancther form of im- 
plicit priming, which appears relatively 
intact in MS patients. In this case, one 
possible explanation for the good per- 
formance of MS patients on automatic 
processing measures despite impaired 
effortful memory is that their memory 
deficit may primarily involve the con- 
scious, effortful strategic aspects of 
searching long-term memory. Because 
automatic and incidental memory pro- 
cesses by their very definition should be 
independent of conscious, effortful stra- 
tegic search, but still require intact 
memory encoding and storage, they 
could be spared in MS patients. This 
would suggest that the efficiency of 
“automatic processes” may also depend 
on having adequate resources to pro- 
cess information in parallel. Depending 
on task instructions, some aspects of 
information (eg, meaningfulness) are 


7 
| —@— MS Patients 
~O- Normal Control Subjects 


Mean Estimation of No. of Times 
Words Were Presented 
a 
E ES OE S 








0 tte 
0 1 2 3 4 5 6 7 


Number of Times Words Were 
Actually Presented 


Fig 5.—Hasher Frequency Discrimination 
Task: estimations of the number of times a 
word had been presented on the study list 
(automatic processing). MS indicates multiple 
sclerosis. 


Mean No. of Items Recalled 


MS Patients 


Normal Control 
Subjects 


Fig 6.—Paired-Associate Test: incidental recall 
of whether a test item was originally presented 
as a picture or word (automatic processing). 
MS indicates multiple sclerosis. 


processed using focused attention; oth- 
er aspects of information (eg, phonologi- 
cal information) may be processed out- 
side the window of focused attention. 
This passive parallel processing of infor- 
mation also has to time-share resources 
with concurrent active processing such 
as overt verbal rehearsal. What we are 
calling the passive processing of infor- 
mation is similar to even more covert 
activation processes such as those used 
in implicit memory tasks. Thus, ade- 
quate automatic processing should de- 
pend more on the passive strengthening 
of previous semantic representations 
and their associational links, relative to 
the effort made in strategic or con- 
trolled memory search. 

Therefore, it follows that if certain 
representations and their associational 
links are spared in selected central ner- 
vous system disorders like MS, then 
their “slavish” specific automatic pro- 
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cesses may be spared too. This hypothe- 
sis would be better tested in patients 
with unilateral cortical lesions rather 
than MS. For example, an effortful mea- 
sure such as remembering words might 
be impaired in left-hemisphere pa- 
tients, but incidentally identifying the 
location where words were presented in 
a grid (a candidate for an automatic 
measure in this scenerio) might be 
spared (if “right-hemisphere spatial lo- 
cation processes” remained intact). 

An alternative explanation for intact 
automatic processing in light of im- 
paired effortful processing in MS pa- 
tients is that they may have difficulty 
coding verbal information within work- 
ing memory.’ In particular, there is 
some evidence that MS patients have 
problems in temporarily storing phono- 
logical information within a rehearsal 
loop for later processing. In this model, 
automatic processing requires intact se- 
mantic activation processes that can op- 
erate independently of working memo- 
ry (and that appear intact in MS), 
whereas effortful structurally based 
processes (eg, covert rehearsal of ver- 
bal-phonological information) depend 
on activating buffers within working 
memory (that appears affected by MS). 

Processes such as frequency and mo- 
dality estimation will rarely meet all the 
strict criteria for automaticity estab- 
lished by Hasher and Zacks.” Some 
researchers have described these so- 
called automatic processes as requiring 
relatively less focused attention than ef- 
fortful structural or semantic categori- 
zation/identification but lying on a con- 
tinuum of attention and effort during 
encoding.”” Thus, by manipulating en- 
coding strategy and attentional effort, 
accuracy in estimating frequency or 
the modality of a stimulus can be de- 
graded.™™ Neither of those manipula- 
tions were done in the present study. 

As noted above, the evidence from 
the performance of the MS patients 
whom we studied suggests that simply a 
decrease in effortful processing (reflect- 
ed in particularly impaired free recall) 
will not correspond to impaired accura- 
cy in modality or frequency estimation. 
However, even in the case of patients 
with dementia of the Alzheimer's type 
who demonstrate impaired frequency 
and modality estimation along with im- 
paired effortful processing, there was 
no significant rank-order correlation be- 
tween free recall and accuracy in fre- 
quency or modality estimation.” 

Thus, our findings would argue for at 
least a partial independence of the cog- 
nitive processes required for frequency 
and modality monitoring from those 


_ required for effortful encoding and re- 
‘trieval. Automatic processes bear some 
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resemblance to implicit memory pro- 
cesses that may depend on intact corti- 
cal structures, whereas effortful or ex- 
plicit memory processes may depend 
more on subcortical structures such as 
the hippocampus. Since plaques in MS 
tend to appear in subcortical regions, it 
should be expected that effortful memo- 
ry processes are most at risk in MS. 

Other studies*” have demonstrated 
that MS patients perform better on 
tasks not requiring declarative memory 
such as procedural learning and priming 
and have access to semantic knowledge. 
In addition, MS patients tend to per- 
form much better on recognition vs re- 
call measures.” Measures of automatic 
processing can now be added to the list 
of measures on which MS patients per- 
form normally. Nevertheless, most 
measures requiring free or cued-recall 
processing appear disturbed to various 
degrees in MS patients. In the future, 
we plan to conduct follow-up studies of 
MS patients employing conditions such 
as rate of information presentation, 
phonological and information load, in- 
terference, and type of retrieval re- 
quired to better identify the locus of the 
memory deficit. 


This study was supported in part by providing 
facilities (to Dr Grafman) and by awarding a re- 
search career development grant (K04 NS 01055- 
05) and research grant (R01 NS 22128-06) (both to 
Dr Rao) by the National Institute of Neurological 
Disorders and Stroke. 
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Importance of Intrathecal Synthesis of 
IgD in Multiple Sclerosis 


A Combined Clinical, Immunologic, and Magnetic 


_ Resonance Imaging Study 


è There is increasing evidence that solu- 
ble IgD has a certain role in the humoral im- 
mune response within the central nervous 
system. We report herein the results of a 
combined clinical, magnetic resonance im- 
aging, and immunopathologic study to deter- 
mine the clinical importance of intrathecal 
igD synthesis. Intrathecal synthesis of IgD 
(detected through the calculation of index 
values) was studied in 64 patients with multi- 
ple sclerosis and in 50 neurologic control 
patients and normal subjects. Locally secret- 
ed igD was detected in 30% of patients with 
clinically active multiple sclerosis, including 
two in whom magnetic resonance images of 
brain and spinal cord were normal and who 
had no evidence of intrathecal IgG synthesis. 
No intrathecal IgD production was detected 
in patients with clinically stable multiple 
sclerosis or those suffering from chronic 
‘progressive multiple sclerosis, while it sig- 
nificantly correlated with the interval from 


the last relapse and with the total duration of 


the disease process in patients with relaps- 
ing, remitting multiple sclerosis. Intrathecal 
IgD synthesis also correlated with the degree 
of cerebrospinal fluid pleocytosis and with 
the presence of free k and à light chain bands 
in cerebrospinal fluid. Present results sup- 
plement and expand earlier data and suggest 
that intrathecally secreted igD is a putatively 
important part of the immune response in 
clinically active relapsing, remitting multiple 
sclerosis. 
(Arch Neurol. 1991 ;48:1076-1079) 


[eP is expressed on greater than 90% 
-of mature B lymphocytes’ and is con- 


a sidered to be an indicator of B-cell matu- 
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rity. Evidence suggests that soluble (ie, 
secreted) IgD has a legitimate antibody 
function’ that makes it particularly 
helpful in the study of early immune 
response, including that of the central 
nervous system.’ The level of soluble 
IgD in cerebrospinal fluid (CSF), how- 
ever, is extremely low compared with 
levels of IgG, IgA, and IgM and is tech- 
nically difficult to detect. Thus, al- 
though IgD levels in the normal refer- 
ence population? and in various 
neurologic disorders’ have been previ- 
ously described, intrathecal production 
of IgD, through the calculation of the 
IgD index, has only recently been re- 
ported." 

So far, the clinical importance of in- 
trathecal IgD synthesis in patients with 
multiple sclerosis (MS) has not been 
evaluated. Similarly, immunopatholog- 
ic correlation of this finding with other 
CSF features of MS has not been prop- 
erly investigated. We report herein a 
combined study in which we evaluated 
the relationship of intrathecal produc- 
tion of IgD to both clinical and paraclini- 
cal manifestations of MS. 


PATIENTS AND METHODS 
Patients 


Paired CSF and serum samples from 64 
patients with clinically definite MS" were uti- 
lized in our study (Table 1). Patients with 
clinieally active disease had not received im- 
munomodulatory treatment within 9 months 
of CSF collection. Patients with chronic pro- 
gressive. MS had progressed steadily since 
the onset of their disease.” while patients 
with clinically stable MS had relapsing, re- 
mitting disease and were in clinical remission 
at the time of the lumbar puncture. 

The neurologic control group (Table 1) con- 
tained patients with various neurologie dis- 
orders in whom immunologic mechanisms 
were unlikely to participate. This control 





group included patients with Alzheimer’s 
disease (four patients), benign intracranial 
hypertension (four patients), cervical spon- 
dylosis without myelopathy (three patients), 
epilepsy (three patients), amyotrophic later- 
al selerosis (five patients), cerebrovascular 
diseases (four patients), Parkingon’s disease 
(four patients), and peripheral neuropathy 
(five patients). Normal control subjects pre- 
sented with tension headache or neurosis and 
detailed clinical and laboratory investiga- 
tions showed no sign of neurologic disease. 
These normal subjects wefe ineluded to cal- 
culate normal reference ranges of IgD and 
IgG in CSF and serum samples. 


Preparation of Samples 


Paired CSF and serum samples were col- 
lected simultaneously, and 1000 kallikrein in- 
activator units of affinity purified protease 
inhibitor, aprotinin (A4529, Sigma Chemical 
Company, St Louis, Mo), were immediately 
added to each millimeter of test samples to 
prevent IgD degradation. Cerebrospinal flu- 
id samples were selected to exclude xanth- 
ochromic specimens and specimens contain- 
ing more than one erythrocyte per field at the 
time of collection. The CSF samples were 
centrifuged for 20 minutes at 200g, and then 
both CSF and serum specimens were frozen 
in aliquots at — 70°C immediately after cen- 
trifugation and thawed just before use. 


Quantitative Determinations 


IgD concentration in CSF and serum sam- 
ples was determined by enzyme-linked im- 
munosorbent assay, as recently described.’ 
In brief, wells of polyvinyl chloride micro- 
titer plates were coated with 100 mL of 
1:4000 dilution of anti-human 6 chain antise- 
rum (A-093, Dakopatts, Dake, Copenhagen, 
Denmark), blocked by 2% bovine serum albu- 
min and 0.1% polysorbate (Tween, BDH 
Ltd, Poole, England ) in phosphate-buffered 
saline, then incubated with test samples. Af- 
ter overnight incubation, [gD reactivity in 
the test samples was detected by affinity 
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x 


See 


purified rabbit peroxidase-conjugated anti- 
human ô- ¢hain (A-6281, Sigma). Known 
amounts of human IgD standard (OTRD 03, 
Behring, Marburg, Germany), as well as con- 
trol CSF and serum, and background control 
wells were included in each plate. Optical 
densities of test samples were averaged, 
read from the standard curve, and corrected 
by the original dilution factor. Albumin and 
IgG concentrations in CSF and serum speci- 
mens were assayed by electroimmunoas- 
say.” Total protein content in CSF was mea- 
sured turbidometrically with the 
benzethonium chloride precipitation tech- 
nique.” 


Other CSF Tests 


The CSF specimens were examined for 
pleocytosis within 6 hours of the lumbar 
puncture, Cell count was performed with the 
use of Fuchs-Rosenthal chambers (Hemocy- 
tometer, Aimer Products, London, En- 
gland), and cytologic examination was per- 
formed with a Giemsa stain from a 
cytocentrifuge (Cytospin 2, Shandon Prod- 
ucts Ltd, Cheshire, England) preparation. 
Oligoclonal x and à light chain bands in the 
CSF were detected by replicate immunoblot- 
ting technique.” 


Evaluation of Intrathecal 
Immunoglobulin Synthesis 


Intrathecal production of immunoglobu- 
lins was determined by calculating the immu- 
noglobulin index value,” which compensates 
for the influence of leakage of immunoglobu- 
lin from the plasma into CSF. The immuno- 
globulin index was determined according to 
the following formula: CSF immunoglobulin 
x serum albumin/serum immunoglobulin x 
CSF albumin. 


Magnetic Resonance Imaging (MRI) 


All patients with clinically active MS un- 
derwent MRI as part of their routine investi- 
gations, and the images were reviewed by 
experienced radiologists who were “blinded” 
to the CSF data. Magnetic resonance imag- 
ing was performed on a 0.27-T superconduct- 
ing imager (Picker International, Cleveland, 
Ohio). The same spin-echo sequence (SE spe 
[numbers are milliseconds}) was performed 
in all patients who underwent MRI. 


Statistical Methods 


Values were evaluated, as appropriate, by 
Spearman’s Rank Correlation Coefficient, 
linear correlation coefficient, Students t 
test, and the Wilcoxon Rank-Sum Test. Sta- 
tistical analyses were performed with 
SPSS/PC* software (SPSS Ine, Chicago, 
hb. 


RESULTS 
CSF gD Estimation 


The IgD enzyme-linked immunosor- 
bent assay showed a coefficient of varia- 
tion of 5.1% within and 5.8% between 
batches and had a detection limit of 0.2 
ng/L. Separate studies on samples with- 


-out. aprotinin showed that addition of 
the protease inhibitor has improved de- 
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Table 1.—Clinical Features of the Study Population = 

































































Total 114 (66) 





Totai No. Mean + SD Mean + SD Disease. | 
Clinical Group (Female) Age, y Duration, y : 

Clinically active multiple sclerosis 

Relapsing remitting 34 (20) 33.2 + 6.7 7.9 + 42 

Chronic progressive 14 (9) 37.14 7.6 94+ 5.1 
Clinically stable multiple 

sclerosis 16 (10) 35.6 + 6.4 7.1 + 5.6 
Neurologic controls 32 (47) 40,2 + 11.3 lees 
Normal subjects 18 (10) 31.5 + 8.2 None 















35.5 + 7.8 
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Fig 1.—Individual levels of IgD (closed circles) and IgG (open circles) indexes in the various study.” 
groups of patients with multiple sclerosis (MS). Shaded area represents the cutoff value of both 
indexes in the normal reference population. Statistical analyses are presented in the text. 


tectability of CSF and serum IgD by a 
factor of 5. Detectability of IgG, howev- 
er, was not altered by the addition of 
aprotinin. 

One normal control subject was a high 
outlier for CSF IgD concentration, and 
the IgD amount was undetectable in 
three of the 18 normal control subjects 
and in two patients of the 32 subjects in 
the neurologie control group (one with 
Alzheimer's disease and another with 
epilepsy). These patients were exclud- 
ed from the calculations of CSF IgD 
results. 

In the reference control group, the 
CSF IgD showed a log normal distribu- 
tion. Logarithmic transformation re- 
sulted in a mean+SD reference CSF 
IgD of 1.86+ 0.62 mg/L (range, 0.7 to 
459 mg/L) and serum IgD of 1.54 +0.78 
mg/L (range, 0.1 to 128 mg/L). The IgD 
index in the reference group was 
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0.12 + 0.085, while the mean IgG index 
was 0.53 + 0.16. 


IgD Index in MS 


High levels of IgD index were detect- 
ed in the CSF of 12 patients (80%) with 
clinically active MS but was not detect- 
ed in any patient with stable MS 
(P<.01; Fig 1). None of the patients 
with chronic progressive MS demon- 
strated a high IgD index value. Signifi- 
cantly higher IgD index values were 
seen in patients with active relapsing, 
remitting MS compared with the neuro- 
logic control group (P<.02). Only two 
neurologic control patients (6%) showed. 
an abnormally high IgD index; one was 
suffering from type 1 hereditary senso- 
ry and motor neuropathy, while the oth- 
er sustained a pontine infarct. Both also 
demonstrated high IgG index levels. 

In patients with relapsing, remitting 


4077. 








MS, high IgD index levels correlated 
with the interval that separates the on- 
set. of a clinical relapse and the lumbar 
puncture. Of 21 patients who had the 
lumbar puncture within 1 week of a re- 
lapse, 11 (52%) demonstrated high IgD 
index values, while only one of 13 pa- 
tients from whom CSF was collected 
more than a week (mean, 3.6 weeks) 
after the onset of relapse had a high IgD 
index (P<.01). High IgD index values, 
however, did not significantly correlate 
with the number of relapses in patients 
with relapsing, remitting disease. A 
negative correlation was found between 
IgD index and the total disease duration 
in patients with active MS (Fig 2). 


igD Index and CSF Features in MS 


The relationship between IgD and 
IgG indexes in different groups of pa- 
tients with MS has already been shown 
in Fig 1. Abnormally high IgD index 
levels were detected in two patients 


0.8 


0.2 


0.0 
0o 2 4 6 8 10 12 14 16 


Disease Duration, y 


Fig 2.—Correlation of IgD index to total disease 
duration in patients with clinically active relaps- 
ing, remitting multiple sclerosis (r= .857, 
P<,001). 


with active MS who had a normal IgG 


index. IgD index values in patients with 
MS failed to correlate with IgG index 
values (r= .426, P = .08). Furthermore, 
high IgG index values were detected in 
both clinically active and stable MS 
groups. Five patients (16%) in the neu- 
rologic control group had abnormally 
high IgG index levels: two presented 
with stroke, one with cervical spondylo- 
sis, and two with a high IgD index (see 
above). 

IgD index significantly correlated 
with CSF pleocytosis (P<.005) and 
with the detection of CSF reactive lym- 
phocytes, ie, cells with altered staining 
characteristics due to increased cyto- 
plasmic contents of immunoglobulins 
(P<.01; Table 2). A significant correla- 
tion was also found between high IgD 
index and the presence of free «k 
(P<.005) and free A (P<.001) light chain 
bands in the CSF (Table 2). There was 
no significant correlation between IgD 
index and CSF-bound « or A light chain 
bands. Similarly, there was no correla- 
tion with CSF total protein content. 


IgD Index and MRI Findings in MS 


Table 3 summarizes data obtained 
from a comparison of MRI findings with 
IgD index values. High IgD index levels 
were detected in two patients with MS 
who had normal MRI scans. These two 
patients also had normal IgG index lev- 
els. No significant correlation was found 
between IgD index and either the total 
number of MRI lesions or their anatom- 
ic distribution. 


COMMENT 


Human IgD is different from other 
immunoglobulins in structure, exon ar- 
rangement, and physiologic location 


(reviewed by Blattner and Tucker"). 
The secreted form is a monomer, with a 
sedimentation rate of 7 s, which consists 
of two heavy (x) and two light chains. 
Unlike other immunoglobulins, IgD has 
a relatively large hinge region that is 
sometimes present between the first 
and second region domains, probably to 
introduce flexibility into the structure 
to allow the antigen binding site to 
achieve better contact with antigens.” 
The suggestion that [gD has no function 
or that it simply serves as an auxiliary 
antigen receptor on B cells” seems a 
trivial interpretation of the evolution of 
such a complex system.” Despite its dis- 
covery two decades ago,” the biologic 
function(s) of soluble IgD is not fully 
understood because of its very low se- 
rum concentration. The levels of soluble 
IgD in human CSF are even lower, so 
when relatively insensitive methods of 
detection are utilized, none could be de- 
tected." Furthermore, secreted IgD 
is susceptible to rapid proteolysis, prob- 
ably by plasmine, although the addition 
of e-aminocaproic acid, which is a rela- 
tively specific inhibitor of plasmine acti- 
vation, failed to stop spontaneous pro- 
tein degradation in some cases.” We 
found that the addition of enzyme inhibi- 
tor of a wider spectrum, eg, aprotinin, 
prevents protein fragmentation in all 
patients studied so far. 

Results obtained in our reference 
group showed CSF and plasma levels of 
IgD and IgD index values relatively 
similar to those previously reported.”’ 
The data reported herein extend these 
reports and provide good evidence that 
intrathecal synthesis of IgD could be 
detected in a substantial number of pa- 
tients with clinically active MS. The sig- 
nificant correlation of intrathecally syn- 
thesized IgD with clinical and 


Table 2.—Correlation Between IgD Index and Other Cerebrospinal Fluid Features in Patients With Clinically Active Multiple Sclerosis, 
including Those With Chronic Progressive Disease 


White Blood Cell Count, 
*10°/L 
pmm aeneanm, 
1gD index * <0.005 20.005 


x Light Chain Bands 
paean aaeeea, 
Free Bound 


Reactive 
Lymphocytes 








High 1 41 
Normal 28 8 


* Normal index value is below 0.3. 
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à Light Chain Bands 
Yamane) 
Bound 


Total Protein, g/L 

paamamanemenenani onneamme, 

=0.4 >0.4 
5 7 
22 14 








Table 3.——Correlation of intrathecal Ig Synthesis to Magnetic Resonance Imaging (MRI) Lesions (Locations of MRI Lesions Overlap) 
in Patients With Clinically Active Multiple Sclerosis, Including Those With Chronic Progressive Disease 


igD index Value No. of 
(No. of Patients) MRI-Positive Patients 


High (12) 10 


Location of MRI Lesions 


Periventricular Cerebral 
8 7 





Normal (38) 31 
Total (48} 41 
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28 7 
34 24 


Cerebellar 


Mean No. of 


Brain Stem Cord MRI Lesions 
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paraclinical. variables in MS suggests 
that secreted IgD is not merely the re- 
sult of cell surface shedding, as previ- 
ously suggested.” Although systematic 
studies are warranted to establish the 
IgD ‘profile in relation to clinical vari- 
ables in greater detail, the detection of 
high IgD index values might have a 


place in routine characterization of the 


humoral immune response in patients 
with MS. Moreover, the demonstration 
that high IgD index values are predomi- 
nantly detected in MS relapse may im- 
ply that they could be regarded as a 
reasonable indicator of relatively active 
disease. In contrast, no significant dif- 
ference in intrathecal IgG synthesis was 
detected between clinically active and 
stable disease processes. 

The absence of intrathecal synthesis 
of IgD in patients with chronic progres- 
sive MS is interesting. There have been 
several reports suggesting basic differ- 
ences between chronic progressive and 
relapsing, remitting MS, which were 
based on genetic” and epidemiologic” 
studies, Furthermore, fundamental dif- 
ferences in clinical’ and neuroimag- 
ing” features were noticed between the 
two MS groups. The data described in 
our study show a basic difference in the 
intrathecal IgD pattern between the 
two groups of patients with MS. In con- 
trast, previous studies of CSF IgG, 
IgM, and IgA changes failed to detect 
any change in immunoglobulin pattern. 
Lolli and collaborators,’ however, re- 
ported lower plasma IgD levels in pa- 
tients with chronic progressive MS 
compared with those with relapsing, re- 
mitting disease. 

The absence of a significant correla- 
tion between intrathecal IgD synthesis 
and MRI-detected lesion burden is not 
surprising. Muller and collaborators” 
failed to establish any correlation be- 
tween CSF absolute y-globulin produc- 
tion and quantified MRI changes in pa- 
tients with MS. It is quite difficult to 
test for the relative number of new 
plaques in routine MRI, as chronic le- 
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sions are also visible.” Until the correla- 
tion between the measured factors in 
acute states is standardized, one should 
not draw conclusions as to the precise 
relationship among new plaques, in- 
trathecal IgD synthesis, and the num- 
ber of MRI-detected high signals. 

The intrathecal production of IgD in 
30% of patients with MS and the fact 
that this IgD production is mainly de- 
tected in patients with recent relapse 
indicates that IgD may play a role in the 
regulation of intrathecal humoral im- 
mune response in patients with MS. 


We wish to thank Naghat Lakdawala, MSc, for 
her help in the preparation of the samples and June 
Smalley for her excellent technical help in the prep- 
aration of the manuscript. Critical discussions with 
laboratory technicians were greatly appreciated. 
Magnetic resonance images were obtained in Queen 
Square, London, and Belgium Imaging Centres, 
Brussels. 
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Serologic Evidence of Campylobacter jejuni/coli Enteritis 


in Patients with Guillain-Barré Syndrome 


Ruben Gruenewald, PhD; Allan H. Ropper, MD; Hermy Lior, MSe; 
Joseph Chan; Richard Lee; Vernaleah S. Molinaro 


We performed serologic testing for Cam- 
pylobacter jejuni in 17 consecutive patients 
with acute Guillain-Barré syndrome from the 
Boston, Mass area to compare the frequency 
of this preceding infection with the high rates 
reported from other areas of the world. The 
rate of seropositivity, 18%, was consider- 
` able, but it was lower than that reported in 
Australia. Moreover, all of our patients with 
definite serologic evidence of infection had 
severe enteritis before Guillain-Barré syn- 
drome, usually with the organism cultured 
from stool samples. Campylobacter enteritis 
is an important antecedent iliness for Guil- 
lain-Barré syndrome but did not precipitate 
the disease without enteritis. 

(Arch Neurol. 1991 ;48:1080-1082) 


cute infectious illnesses occur 1 to 3 
weeks before Guillain-Barré syn- 
drome (GBS) in approximately two 
thirds of patients, but specifie patho- 
gens are infrequently identified.’’ In- 
fection with Campylobacter jejuni/coli 
has been highlighted as preceding GBS 
by a number of groups who have isolat- 
ed the organism from the stool of pa- 
tients with GBS or demonstrated C je- 
juni/coli-specific antibodies in serum or 
spinal fluid.” With the use of an en- 
zyme-linked immunosorbent assay, 
Kaldor and Speed* found that 21 (88%) 
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of 56 Australian patients with GBS had 
serologic evidence of C jejuni infection, 
and with the use of an immunodot assay, 
Speed et al’ found C jejuni/eoli-specific 
antibodies in 22 (49%) of 45 patients 
with GBS. These studies, iftrue in other 
geographic areas, would make C jejuni 
the most common pathogen that pre- 
cedes GBS, exceeding the combined 
incidence of Epstein-Barr virus, 
cytomegalovirus, and Mycoplasma in- 
fections. Campylobacter jejuni is also 
interesting because it is one of the few 
bacteria that has been associated with 
GBS, and serologic evidence of infection 
in patients with GBS has been found in 
the absence of gastrointestinal symp- 
toms.” 

We therefore studied the frequency 
of C jejuni/coli-specifie IgG, IgM, and 
IgA antibodies in 24 plasma and serum 
samples from 17 consecutive patients 
with GBS from the Boston, Mass area. 
Our results were similar to findings in a 
study from the United Kingdom,” but 
lower than the rates suggested by Aus- 
tralian studies. Moreover, all of our pa- 
tients with definite serologic evidence 
of infection had severe enteritis. 


PATIENTS AND METHODS 
Patients 


Seventeen consecutive patients who were 
admitted to the Massachusetts General Hos- 
pital, Boston, between January 1988 and 
January 1989, and who fulfilled the criteria 
for GBS according to the National Institute 
for Neurological and Communicative Disor- 
ders and Stroke, were studied (Table). All of 
the patients had typical acute GBS, although 
one subsequently had a course that was more 
consistent with relapsing inflammatory de- 
myelinating neuropathy (Table, patient 5), 
one had severe GBS and prominent dysau- 
tonomia (Table, patient 16), and one later 


became ill with Hodgkin's disease (Table, 
patient 11). 


Prodromal Illness 


Six patients had preceding gastrointesti- 
nal illnesses, and six patients had respiratory 
prodromal illnesses, 1 to 47 days before neu- 
rologic symptoms, whereas five patients re- 
ported no illness (Table). Three of the pa- 
tients with gastrointestinal prodromes had 
abdominal cramping, diarrhea (bloody in two 
patients), and fever that were compatible 
with bacterial enteritis. One patient was hos- 
pitalized for these symptoms and had no en- 
teric pathogens cultured from a stool sample 
that was taken 47 days after the illness (Ta- 
ble, patient. 7). Two other patients had C 
jejuni cultured from stool samples during the 
acute illness. Three patients had nausea, 
vomiting, or minimal nonbloody diarrhea. 
One of these patients had stool cultures, but 
no enteric pathogens were recovered. Of the 
six patients with respiratory illnesses, one 
had pneumonia with dry coughing and chills, 
as well as elevated titers of cold agglutinins, 
and another patient had fever, chills, and 
muscle aches that were thought to represent 
influenza; the remainder were described by 
patients as “colds.” 


immunodot (Enzyme-Linked 
immunosorbent Assay) of Plasma 
and Serum Samples 


Fifteen serum samples were obtained 
from the 12 patients with a prodromal illness, 
6 to 64 days (mean, 20.days) afterthe onset of 
the prodrome and 3-to 60 days (mean, 12 
days) after the onset. of GBS (Table). Nine 
samples were obtained from the five patients 
without a prodromal illness, 1 to 16 days 
(mean, 7 days) after the onset of GBS. Sam- 
ples were stored at —20°C until serologic 
determinations were performed. Serum or 
plasma samples that were obtained from pa- 
tients 6 to 15 days after the onset of gastroen- 
teritis were considered to be positive if at 
least two of the three immunoglobulin classes 
demonstrated a titer of 400 or greater; serum 


Guillain-Barré Syndrome — Gruenewald et al 


: peaks." Instead, the IgM titer wa: 
Campylobacter jejuni/coli- Specific Antibody Titers From Consecutive only 400, with IgA and IgG titers belov 
Patients With GBS* 100. i 


Time, d 
 graaanemanneaamenanaraanan nananman, 
Stool Prodrome Serum 
Culture Before GBS After GBS IgG 


Group 1 (Definite Serologic Evidence of infection) 
GI (enteritis) Negative 47 800 


Gi (enteritis) Positive 
Gl (enteritis) Positive 


Antibody Titer 
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COMMENT 


Preceding 


In this study, three of 17 consecutivi 
liness 


patients with GBS had both clinical am 
serologic evidence of C jejuni infection 
and C jejuni was recovered from thi 
stools of two patients. Failure to isolats 
C jejuni from a third patient. was no 
surprising as the stool was obtained 4’ 
days after enteritis. “ The relatively lov 
IgM and IgA titers in plasma sample; 
that were obtained 51 days after diar 
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Influenza 


or plasma samples that were obtained 16 to 
64 days after the onset of gastroenteritis 
were considered to be positive if at least the 
IgG titers were 400 or greater.” 

Immunodot assays of C jejuni/coli-speci- 
fic IgG, IgM, and IgA antibodies were car- 
ried out by using the methods of Lior and 
Lacroix." 


Preparation of C jejuni 
Antigen Extracts 


Antigen extracts of C jejuni serotype Lior 
Zand C coli serotype Lior 12, found to give 
maximum heterologous reactivity with ref- 
erence antiserum samples used for the sero- 
typing of Campylobacter,” were prepared 
by the method deseribed by McCoy et al.” 
Protein concentrations of the extracts were 
deter: mined by the method of Lowry and col- 
leagues.” Volumes of the two extracts that 
contained equal quantities of protein were 
pooled and lyophilized, 


Determination of Properties 
of C jejuni 
Serotyping of C j jejuni was carried out by 
the method of Lior et.al," bacteriophage typ- 
aig was done by the method of Grajewski et 
‘biotyping was performed by the method 
a Lior,” and cytotoxic and cytotonic ana- 
lyses were done according to the method de- 
seribed by Johnson and Lior.’ 


RESULTS 


Three patients (Table, group 1) had 
serologic evidence of Campylobacter 
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* GBS indicates Guillain-Barré syndrome; Gl, gastrointestinal illness; and URI, upper respiratory tract iliness. 
Day of onset of GBS was considered to be day “0.” 


enteritis, with two of three antibody 
titers above 400. Samples from these 
three patients were obtained 51, 30, and 
6 days after the onset of diarrhea and 47, 
21, and 3 days after neurologic symp- 
toms began. A second sample in patient 
3 (Table), taken 5 days after the first, 
demonstrated slightly lower, but still 
elevated titers in all immunoglobulin 
classes. Each of the three patients with 
serologic evidence of infection had a se- 
vere gastrointestinal illness with diar- 
rhea, and two (Table, patients 2 and 3) 
had C jejuni isolated from stool sam- 
ples. The organism that was isolated 
from the stool of patient 3 (Table) was 
found to belong to serogroup 1, biotype 
I, and phage type 36; cytotoxic and cyto- 
tonic assays were negative. 

Group 2 patients had some antibody 
titer elevation above 200, not high 
enough to make a serologic diagnosis of 
Campylobacter infection. Although the 
serum of patient 4 (Table) demonstrat- 
ed an IgG titer of 400, this patient was 
not considered to have been infected 
with C jejuni because the other titers 
were low, and the prodromal illness was 
not gastroenteritis. Patient 5 (Table) 
did have mild gastrointestinal symp- 
toms, but the plasma sample was ob- 
tained 14 days afterward, when the 
C jejuni serologic response usually 
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rhea in this patient were consistent wit! 
data that showed that these titers de 
cline, beginning 21⁄2 to 4 weeks afte: 
infection, whereas IgG titers persist fo 
longer.” Our group with only one clas; 
of titer above 400 was unlikely to have 
had recent Campylobacter infection, 
The correlation among severe enteri 
tis, positive C jejuni-specifie serology 
and the presence of C jejuni in stool ix 
US patients is similar to the findings o: 
Winer et al’ in a study from the Unitec 
Kingdom, but differs from the findings 
of two Australian studies.*’ The Austra: 
lian series included larger groups of. pa 
tients with GBS, of whom a high propor- 
tion (88% and 49%) were considered te 
have been infected with C jejuni on the 
basis of serologic findings alone.” Pa: 
tients with and without gastroenteritis 
had ser ologic evidence of infection, but 
the organism was isolated from only twe 
of 43 patients. The inclusion of our sec 
ond group of patients with marginally 
elevated titers would make the propor: 
tion of Campylobacter that precedes 
GBS similar to some previous studies. 
The differences between our results and 
those of previous studies may also re- 
flect different serologic techniques or 
differences between populations that 
live in different parts of the world. The 
series compiled by Winer et al’ in the 
United Kingdom is similar to ours, with 
14% of patients having had serologic ev- 
idence of C jejuni. However, the consis- 
tent finding of even a low incidence of C 





jejuni-infected patients with GBS rein- 


forces the evidence that C jejuni, the 
only bacterial pathogen that regularly 
precedes GBS, has an incidence compa- 
rable with Epstein-Barr virus, cyto- 
megalovirus, or Mycoplasma infec- 
tion.” The incidence of prior C jejuni 
infection is probably lower than that re- 
flected in our consecutive series, since 
six (35%) of 17 patients had a gastroin- 
testinal prodrome. In contrast, only 
10% of a larger prospective series,” and 
17% in the United Kingdom series, had 
adiarrheal illness. Additional studies on 
consecutive series of patients may allow 
a better approximation of the frequency 
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-and population variations of GBS pre- 
ceded by C jejuni infection.. 
The recent finding of cross-reactivity 
between antigens from C jejuni and the 
P2 protein of peripheral nerve myelin 
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‘may explain the pathogene 





tion between the infection and GBS” 
and possibly some of the marginally ele- 
vated titers in our second group of 
patients. 
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Autonomic Nervous Function in 
Progressive Supranuclear Palsy 


è Autonomic nervous function was as- 
sessed in 11 patients with progressive su- 
pranuclear palsy, 26 patients with Parkin- 
son’s disease, matched for age, 
medications, disease severity, and disease 
duration, and 19 age-matched controls. Re- 
sults of both parasympathetic (heart rate re- 
sponse to deep breathing and Valsalva ma- 
neuver) and sympathetic (blood pressure 
decrease on standing and increase on sus- 
tained handgrip) tests were abnormal in both 
patient groups. Abnormalities in the group of 
patients with progressive supranuclear pal- 
sy were similar to those in the group with 
Parkinson's disease but were more pro- 
nounced. Autonomic dysfunction may have 
to be considered a feature of progressive 
supranuclear palsy. 

(Arch Neurol. 1991 ;48:1083-1084) 


A Btonomic dysfunction has not been 

considered a clinical feature of pro- 
gressive supranuclear palsy (PSP).“ 
The distribution of neuropathologic in- 
volvement in PSP reveals that several 
structures related to autonomic func- 
tion are affected, such as the hypothala- 
mus and the locus coeruleus. '* We com- 
pared autonomic function in patients 
with PSP with that in healthy age- 
matched controls and patients with idio- 
pathie Parkinson’s disease (PD). 


PATIENTS AND METHODS 


Informed consent was obtained from all 
subjects, and approval was obtained from the 
local medical ethics committee. Diseases or 
medications affecting the autonomic nervous 
system were exclusion criteria. 

Eleven patients with PSP were enrolled in 
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the study (mean [SD] age, 75.5 [6.4] years; 
mean [SD] duration of motor symptoms, 3.5 
[2.1] years; six patients were male). The di- 
agnosis was based on established criteria’: a 
late-onset progressive nonfamilial disorder 
with supranuclear ophthalmoplegia and at 
least two of the following features: axial dys- 
tonia or rigidity, pseudobulbar palsy, brady- 
kinesia, frontal lobe signs, and postural in- 
stability. As there is no specific disability 
scale for PSP, we used the Hoehn and Yahr° 
scale to express disease severity; six patients 
had stage ITI disease, and five had stage IV 
disease. Seven patients were being treated 
with levodopa, two with amantadine hydro- 
chloride, and one with bromocriptine mesy- 
late, alone or in combinations; four were tak- 
ing no medication. 

The patients were compared with 19 
healthy age-matched controls (mean [SD] 
age, 74.3 [8.3] years; four subjects were 
male) and with 26 patients with PD (mean 
[SD] age, 73.5 [6.7] years; mean [SD] dura- 
tion, 4.1 i4. 01 years; 12 patients were male). 
Twelve patients with PD were taking levo- 
dopa, six were taking amantadine, and three 
were taking bromocriptine, alone or in com- 
bination; 12 were taking no medication. Two 
patients with PD had Hoehn and Yahr’ stage 
II disease, 16 had stage III disease, seven 
had stage IV disease, and one had stage V 
disease. 

Autonomic tests are influenced by age and 
possibly by antiparkinsonian drugs; some 
tests require physical and mental coopera- 
tion. Age, medications, and disease duration 
and severity were thus used as selection eri- 
teria for the PD group. Age and disease dura- 
tion did not differ (Students t test, P=.5) 
between the groups. The use of medication, 
as mentioned above, did not differ between 
the PSP and PD groups (x test, P>.05). The 
proportions of patients in Hoehn and Yahr 
disease stages did not differ (y” test, P = .59). 

The six autonomic function tests used have 
been previously described.” Heart rate vari- 
ation was measured at rest, during forced 
breathing, on standing, and during a Valsal- 
va maneuver. Maximum and minimum fre- 
quencies, derived from individual beat inter- 
vals, were used to calculate differences and 
ratios. Systolic and diastolic blood pressures 
were measured while the subjects were lying 
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down and I and 2 minutes after they stood up. 
The pressure decrease was defined as the 7 
difference between starting and minimum 
pressures at 1 or 2 minutes. In the sustained | 
handgrip test, blood pressure was measured 
every minute before and for 5 minutes after 
or until the subject gave up after the start of 
contraction. The difference between: maxi- 
mum and starting pressures defined the : 
pressure increase. S 
Differences were investigated with anal 
sis of variance and Student's ¢ test. A signi 
cance threshold of P<.05 was used; values 
.05<P<.10 were considered trends towar 
significance. 








RESULTS 


A consistent order of increasing ab- 
normality (control, PD, PSP) was found- 
for four of the six tests (Table, Figs 1 _ 
and 2). Statistically significant differ- 
ences (by analysis of variance) were 
found for heart rate variation in the 
standing test and for blood pressure in- 
crease in the sustained handgrip test. 
When only the PSP and control groups 
were compared, the blood pressure re- 
sponse to standing also differed 
significantly. 


COMMENT 


We found evidence of sympathetic: 
(blood pressure tests) and parasympa- — 
thetic (heart rate tests) disturbances in 
patients with PSP compared with con- 
trols. Although not all comparisons re- 
sulted in significant differences, the 
consistent ranking of results in the or- 
der control, PD, and PSP suggests that: 
this is explained by the limited number- 
of patients or the large variability of test 
results (Valsalva maneuver and blood 
pressure to standing tests). 

The autonomie dysfunction in the PD 
group is in line with earlier reports.” 
The pattern of abnormalities is similar 
in PSP and PD, suggesting that the 
same structures are damaged in PSP as 
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Results of Autonomic Function Tests in 11 Patients With Progressive Supranuclear Palsy (PSP), 
26 With Parkinson's Disease (PD), and 19 Healthy Controls (C)* 


PSP ANOVA 
77.8 (20.7) - 
131.7 (18.7) ~ 
79.4 (8.8) - 


c PD PD-PSP 
82.1 (14.8) 75:9 (14.2) 
139.7 (15.9) 136.7 (17.8) 


81.1 (6.9) 80.7 (10.7) 


C-PD C-PSP 








Heart rate, beats per minute 
Systolic BP, mm Hg 
Diastolic BP, mm Hg 


Heart rates 
Ratios 
Rest 


Breathing 
Standing 
Valsalva maneuver 


Differences 
Rest 


Breathing 
Standing 
Valsalva maneuver 























1.15 (0.01) 
1.21 (0.22) 
1.18 (0.16) 
1.31 (0.22) 


1.16 (0.11) 
1.20 (0.15) 
1.10 (0.10) 
1.26 (0.21) 


1.13 (0.07) 
1.21 (0.15) 
1.08 (0.09) 
1.18 (0. 16) 



































11.0 (6.2) 

14.9 (11.9) 
12.2 (11.4) 
21.3 (14.2) 


8.7 (4.1) 
10.9 (5.9) 

6.4 (7.1) 
18.1 (18.0) 


9.8 (4.7) 
11.3 (4.7) 

0.0 (2.4) 
13.9 (10.0) 





























BP 
Standing 
Systolic decrease 


11.2 (10.9) 


11.5 (18.2) 15.8 (41.7) 





Diastolic decrease 1.4 (5.1) 


5.5 (9.0) 7.0 (7.3) 








Sustained handgrip 
Systolic increase 


29.2 (24.9) 


18.4 (15.8) 11.6 (8.1) 





Diastolic increase 


25.6 (22.3) 


14.4 (15.6) 8.4 (8.3) 











* Baseline heart rate is given as the mean rate of the resting test. Blood pressure (BP) values refer to baseline values in the standing test. Values are mean (SD). Sig- 
nificance levels are given for analysis of variance (ANOVA) and Student's / test; minus sign indicates P > . 10; single asterisk, P < .05; double asterisk, P < .01; T, trend, 


05 <P <.10, 


30 
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Fig 1.—Mean differences between maximum 


< ccand minimum heart rates are illustrated for four 


heart rate tests and all three groups. Vertical 
bars indicate 1 SE; circles, control group; trian- 
gles, Parkinsons disease group; and squares, 
progressive supranuclear palsy group. 


in PD, but more severely. Autonomic 
dysfunction in PD has been attributed 
to damage to the hypothalamus.” As 
. damage to this structure also occurs in 
PSP," this is a likely explanation for 
autonomic dysfunction in PSP as well. 
_. Matching for medication makes it un- 
likely that the difference in severity was 
caused by medication. This is supported 
"by studies in which no effect of antipar- 
-Kinson treatment was found on auto- 
nomic function in PD.” An improve- 
ment of autonomic nervous function 





~o after levodopa treatment has in fact 


--been documented.” Only dopamine ago- 
nist therapy appears to influence auto- 
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Fig 2.—Mean systolic and diastolic blood pres- 
sures are depicted for each of the three groups, 
for the standing and for the sustained handgrip 
tests. Vertical bars indicate 1 SE; circles, con- 


trot group; triangles, Parkinsons disease 
group; and squares, progressive supranuclear 
palsy group. 


nomic function,” but only one of our pa- 
tients was taking this medication. 

The absence of dysautonomia has 
been proposed as a prerequisite for the 
diagnosis of PSP." In view of our re- 
sults, we suggest that dysautonomia 
may instead have to be included in the 
list ofless constant and minor symptoms 
of PSP. 
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“Ihave never gotten used to people dying. And I don't 


want to get used to it.” 


Dr. Aliza Lifshitz, Internist, Los Angeles, California, Member, American Medical Association 


Patients come to physicians for many reasons. 
Beyond relief from pain, they seek compassion, 
empathy and support. AIDS patients receive all of 
these and more from Dr. Aliza Lifshitz. 

Born and raised in Mexico and educated at one of 
Mexico City’s finest medical schools, Dr. Lifshitz now 
serves the Hispanic community in Southern California. 
Over a third of her patients have tested HIV positive. 
Most live below the poverty level. Many are illegal aliens. 

“I never forget what it means to be a doctor, and 
what it means is embodied in the Principles of Medical 


Ethics of the American Medical Association (AMA),” 
states Dr. Lifshitz. 

Dr. Lifshitz is a testament to what is best in 
medicine. She is also a member of the AMA. If you 
want to join her, return the attached postage-paid 
card or call 1-800-AMA-3211. 


American Medical Association 


Physicians dedicated to the health of America 
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Acute Hemorrhagic Leukoencephalitis 


A Successful Recovery 


David Seales, MD, PhD, Melvin Greer, MD 


e A 50-year-old woman developed acute 
hemorrhagic leukoencephalitis approxi- 
mately 7 days after the onset of a benign 
respiratory infection. Mycoplasma! pneumo- 
nia was suspected because of Coomb’s posi- 
tive hemolysis, cold agglutinins, and sensi- 
tivity to erythromycin base but was not 
proved. Acute hemorrhagic leukoencephali- 
tis was demonstrated by brain biopsy 24 
hours after admission. The patient recovered 
without lasting sequelae following reduction 
of increased intracranial pressure by manni- 
tol, hyperventilation, and phenobarbital and 
prolonged immunosuppression by plasma- 
pheresis, steroids, and cyclophosphamide. 

(Arch Neurol. 1991 ;48:1086-1088) 


Aste hemorrhagic leukoencephalitis 

(AHL) was established as a patho- 
logic entity in 1941.’ This fulminant, 
myelinoclastic disease of the central 
nervous system is characterized by the 
development over hours to days of se- 
vere neurologic symptoms of confusion, 
dysarthria and/or aphasia, hemiparesis, 
seizures (focal or generalized), and, oc- 
casionally, acute myelitis. Fever, often 
remarkably high, may be present. 
Coma and death usually follow within a 
week. A prodromal illness (usually a vi- 
ral upper respiratory infection) usually 
occurs days to 3 weeks before the onset 
of AHL, with apparent recovery.” 
Acute hemorrhagic leukoencephalitis 
was considered uniformly fatal, al- 
though survival has occurred in isolated 
cases treated with surgical decompres- 
sion, corticosteroids, or plasma ex- 
change.’ The patient described herein 
was treated aggressively with plasma- 
pheresis, corticosteroids, and cyclo- 
phosphamide and had intracranial pres- 
sure (ICP) monitoring. The patient 
recovered without residua. 


REPORT OF ACASE 


For 1 week, a previously healthy, right- 
handed, 50-year-old white woman had a 
cough and low-grade fever. Chest roentgen- 
ography revealed a diffuse interstitial infil- 
trate. The cough improved with oral erythro- 
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mycin base therapy (500 mg every 6 hours). 
Seven days after the onset of her illness, the 
patient developed severe neck pain, occipital 
headache, and slurred speech. When discov- 
ered 8 hours later by her husband, she was 
lethargic and left-sided weakness was 
apparent. 

In the emergency department 2 hours lat- 
er, her blood pressure was 150/100 mm Hg; 
pulse rate, 92 beats per minute; respiration 
rate, 24 breaths per minute; and tempera- 
ture, 37.8°C rectally. There was no nuchal 
rigidity. She picked aimlessly in the air. In- 
termittently, she would squeeze the examin- 
ers hand in response to command; she 
squeezed with the right hand only. She 
opened her eyes to painful stimulation but 
did not speak. Her pupils were pinpoint 
(1.5 mm) but briskly reactive to light. Rov- 
ing, conjugate, horizontal eye movements 
were present but alternated with a right gaze 
preference. Her mouth was held rigidly 
closed. She perceived pinprick diffusely as 
assessed by withdrawal and facial response. 
Strength (assessed during spontaneous 
movements) was reduced diffusely in the left 
hemibody (4/5 upper extremity; 4 +/5 lower 
extremity). Tone was increased in the left 
upper extremity. Deep tendon reflexes were 
symmetrical and hyperactive diffusely. A 
Babinski’s sign was present on the left. 

A chest roentgenogram revealed a resolv- 
ing left midlung field infiltrate. Computed 
tomography of the head before and after per- 
fusion with contrast (Hypacque, 100 mL in- 
travenous 60% solution) revealed a nonen- 
hancing low-density area in the right frontal 
and parietal lobes, with a slight mass effect. 
Arterial blood gas analysis diselosed the fol- 
lowing values: pH, 7.38; Pco,, 44 mm Hg, 
Po,, 45 mm Hg; bicarbonate, 25.3 mEq/L; 
and oxygen saturation, 77%. The white blood 
cell count was 23.2 x 10°/L. The differential 
cell count was 0.76 polymorphonuclear leu- 
kocytes, 0.11 band cells, 0.06 lymphocytes, 
and 0.07 monocytes. Samples of the patient's 
blood held at bedside agglutinated at room 
temperature. Coombs positive reactivity 
was noted with a cold agglutinin (titer 1:640). 
The agglutinin was not directed against 
the anti-I antigen on the red blood cell sur- 
face, Sedimentation rate (Westergren) was 
25 mmhh. 

Acyelovir sodium (loading dose, 1 g; main- 
tenance dose, 700 mg every 8 hours), penicil- 
lin G potassium (2 million U every 4 hours), 
chloramphenicol sodium succinate (500 mg 
every 6 hours), and phenytoin sodium (load- 
ing dose, 500 mg; maintenance dose, 100 mg 
every 8 hours) were administered intra- 
venously. 


At 12 hours after admission, a nasal airway 
was placed because of increased upper air- 
way obstruction with tracheal retraction. At 
14 hours, there was coffee grounds emesis. 
At 15 hours, after experiencing difficulty 
with nasogastric tube placement, the patient 
was in respiratory distress (pH, 7.04; PCO, 
71 mm Hg; Po,, 30 mm Hg; bicarbonate, 
19 mEq/L; and oxygen saturation, 34%. En- 
dotracheal intubation was performed. Arter- 
ial blood gases returned to pH, 7.46; PCO, 
28 mm Hg; Po,, 158 mm Hg; and oxygen 
saturation, 99% (intermittent mandatory 
ventilation, 12 breaths per minute; positive 
end-expiratory pressure, 5 em H,O; and 50% 
oxygen). 

Seventeen hours after admission, decere- 
brate posturing was evident in response to 
stimulation. The right pupil dilated (6 mm) 
and became nonreactive to light; the left pu- 
pil dilated to 3 mm and was sluggishly reac- 
tive to light. Ankle clonus and Babinski’s 
signs were present bilaterally. Hyperventi- 
lation was begun. Mannitol (50 mg per intra- 
venous dose), phenobarbital sodium (loading 
dose, 550 mg; maintenance dose, 250 mg/d), 
and dexamethasone sodium phosphate (De- 
cadron, 6 mg per nasogastric tube every 6 
hours) were administered. 

Twenty-two hours after admission, eryth- 
romycin base (1 g administered intravenous- 
ly every 6 hours) and ceftriaxone sodium 
(loading dose, 2 g; maintenance dose, 2 g 
administered intravenously every 24 hours) 
therapy was begun. Penicillin and chloram- 
phenicol therapy was discontinued. 

Brain biopsy was performed at the right 
frontal region 24 hours after admission. In 
white matter, there were microhemorrhages 
and focal acute fibrinoid necrosis of small 
vessels; the cortex was completely spared. 
Vacuolization, lymphocytes, polymorphonu- 
clear leukocytes, and erythrocytes were pre- 
sent in perivascular white matter spaces. No 
inclusion bodies were seen, and stains for 
bacteria, acid-fast. bacilli, India ink, Toxo- 
plasma, herpes simplex, and fungi were neg- 
ative. Acyclovir and ceftriaxone therapy was 
discontinued. 

At the time of biopsy, an ICP monitor was 
inserted anterior to the site of the biopsy. 
The ICP remained elevated (16 te 19 mm Hg) 
for the second °t hours of hospitalization, 
Thereafter, the ICP could be held between 
10 and 15 mm Hg by the intraveneus adminis- 
tration of mannitol (50 mg) when the ICP 
increased to 15to 20 mm Hg. Arterial pH was 
maintained at 7.45 to 7.50 with the Pco, at 
30 mm Hg. 

The patient’s neurologic status showed 
gradual improvement after 32 hours. Her 
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upils were 1.5 to 2.0 mm bilaterally; her left 
pupil showed minimal response to light. Her 
oculocephalic reflex and corneal reflexes 
were still depressed. She was still hyperre- 
flexie but no longer had ankle clonus. At 35 
a sternal rub elicited extensor 


The hematocrit dropped from 0.35 at ad- 
mission to 0.16 thirty-six hours after admis- 
sion. The drop in hematocrit was thought to 
be secondary to hemolysis (corrected reticu- 
ocyte count, 2.1%; total bilirubin, 32.3 
“pmol/L; direct bilirubin, 3.4 mol/L). 
Packed red blood cells (2 U) were given. 
ntravenous methylprednisolone sodium 
succinate (Solu-Medrol) therapy (60 mg ev- 
“ery 6 hours) was initiated. 

At36 hours, plasmapheresis (8 L exchange 
with a solution of 1500 mL of 5% albumin per 
1500 mL of normal saline) was begun daily for 
6 days. Electroencephalography revealed 
diffuse slowing in the anterior hemisphere 
(more. pronounced on the left than on the 
_ right) consistent with encephalopathy. By 49 
hours, the patient’s pupils were 3 mm and 
reactive to light with presence of the oculoce- 
phalic response and bilateral corneal reflex- 
es. The pharyngeal reflex was intact. Exten- 
sor posturing was still noted in response to 
pain. By 96 hours, extensor tone occurred in 
the extremities at rest. By 110 hours, eye 
ovements fluctuated from oculocephalic re- 
flex only to spontaneous, conjugate, roving 
eye movements. Ventilatory assistance was 
still required; spontaneous respirations were 
present only when the patient was stimulat- 
ed. She still demonstrated extensor tone at 
rest but withdrew all four extremities to 
painful stimulation. She opened her eyes to 
\. sternal rub. By days 6 and 7, the presence of 
| corneal reflexes was variable. Plasmaphere- 
_ > sis was concluded on hospital day 7. By day 8, 
her eyes were deviated downward (left eye 
more than right). Her pupils were small and 
unreactive. Tone alternated between flaccid 
and rigid. 

On hospital day 8, cyclophosphamide ther- 
apy (180 mg/d) was begun. Erythromyein 
therapy was discontinued. By hospital day 9, 
spontaneous respirations had returned, and 
the patient underwent extubation. Her neu- 
» rologic status gradually improved. Purpose- 
. ful eye movements occurred in response to 
verbal inquiry. Spontaneous movements of 
the body and then meaningful speech re- 
turned. Left-sided weakness resolved to a 
large extent, 
<A lumbar puncture on day 28 revealed the 
following values: opening pressure, 220 mm 
of cerebrospinal fluid with no red or white 
blood cells; glucose, 4.1 mmol/L; and protein, 
0.28 g/L. Cerebrospinal fluid stains (India 
ink, acid-fast bacilli, and bacterial) and cul- 
tures (tuberculin, fungal, bacterial, and vi- 
Tal) showed no growth. Serologic tests were 
hegative for cerebrospinal fluid, VDRL, and 
seryptococcal antigens. 

Thirty-two days after admission, the pa- 
ent was discharged. Mild recent memory 
npairment was evident. There were no defi- 
ts in immediate or remote memory. Orien- 
tion, Judgment, content, affect, speech, 
ading, writing, naming, comprehension, 
ght orientation, finger naming, calcula- 
, buceofacial and appendicular praxis, 
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figure drawing, mapping, stereognosis, and 
graphesthesia were intact. There was no ne- 
glect or perseveration. There was vertical 
diplopia (most marked with gaze to the lower 
left visual field) and mild weakness in the left 
hip flexors. Tone was increased in the left 
lower extremity. Cyclophosphamide had 
been given intravenously for 23 days 
(180 mg/d on days 8 through 10 and 12 
through 24, tapered over the next 7 hospital 
days. The patient had received methyl- 
prednisolone sodium succinate (60 mg every 
6 hours) on days 3 through 10 and oral predni- 
sone (60 mg/d) on days 13 through 17 with 
tapering over days 18 through 39. 

Follow-up computed tomographic scans of 
the head on hospital days 15 and 39 revealed 
reduced edema without cystic degeneration 
in the right frontoparietal regions. Acute and 
convalescent titers of mycoplasmal pneumo- 
nia, herpes simplex, rubella, influenza A and 
B, Epstein-Barr virus, parainfluenza III, 
equine encephalomyelitis, St Louis encepha- 
litis, cytomegalovirus, and legionnaire’s dis- 
ease were negative for current infection. 
Tests were negative for human immunodefi- 
ciency virus. Six months after the onset of 
her illness, the patient resumed her previous 
employment. Four years later, the findings 
of her examination remained normal. 


COMMENT 


Approximately 70 cases of AHL are 
documented in the English language lit- 
erature.” Both sexes are affected 
equally, with an age range of 2.5 to 60 
years.’ The lack of reported cases before 
approximately 3 years of age may relate 
to the incomplete myelinization of cere- 
bral white matter before this age. A 
temporal relationship has been noted 
between certain common illnesses, such 
as upper respiratory infections, varicel- 
la, and bronchial pneumonia, and the 
subsequent development of AHL in the 
following days or weeks.’ Acute hemor- 
rhagic leukoencephalitis has also been 
noted following or in association with 
processes as diverse as removal of tooth 
stumps, herniorrhaphy, injection of 
pertussis vaccine, herpes simplex, 
thrombotic thrombocytopenic purpura, 
and application of arsphenamine to the 
gums.” 

The incidence of AHL complicating 
atypical pneumonia is probably less 
than 0.1%." Coomb’s positive hemolysis 
and cold agglutinins are seen, especially 
in relation to Mycoplasma pnewmoniae 
infection.” 

In the present case, infection with 
M pneumoniae was suspected, but 
acute and convalescent titers were neg- 
ative. Furthermore, the cold aggluti- 
nins did not react with polysaccharide 
antigen expressed on the surface of 
adult erythrocytes as is noted in myco- 
plasmal pneumonia. No other viral ti- 
ters were positive for current infection. 
Thus, the precise nature of the atypical 
pneumonia in the present case is 


unknown. 


The differentiation of AHL from her- 
pes simplex encephalitis can be difficult. 
Fever, headache, hallucinations, foca- 


lity of neurologic abnormalities, and 
acuteness do not differentiate the two 
diseases. Examination of cerebrospinal 
fluid may exclude bacterial, fungal, and 
mycobacterial infection but will not dif- 
ferentiate AHL from herpes simplex. 
Thus, early brain biopsy is advocated. 
In AHL, necrotizing angiitis of venules 
and capillaries of white matter is noted 


microscopically. Gray matter and sub= > 


cortical U-shaped fibers are usually 
spared as opposed to the gray and white 
matter damage observed in herpes sim- ` 
plex encephalitis. In AHL, ball-and- 
ring hemorrhages form around affected’ 
vessels, with fibrinoid necrosis and: 
polymorphonuclear leukocytes. evident 
in vessel walls. Later, lymphocytes re- 
place the polymorphonuclear leuko- 
cytes; lipid phagocytosis is seen if sur- 
vival is several days. Grossly, the 
lesions are usually unilateral in the pari- 
etal or posterior frontal regions, but 
may be bilaterally symmetrical. Le- 
sions can occur in other regions as well, 
including the brain stem and spinal ` 
cord.”” 

The lesions of AHL can be demon- 
strated by computed tomography.” 
Furthermore, it has been proposed that 
with computed tomography one may be 
able to distinguish between AHL and 
herpes simplex encephalitis.” This is 
based on the findings that in AHL the 
computed tomographic findings arise 
earlier (in 1.5 days as opposed to 3 to 11 
days for herpes simplex), are restricted 
to white matter, and do not enhance 
with contrast. 

The pathogenesis of AHL is un- 
known. An immunoreactive basis is 
supported by (1) the latent period be- 
tween preceding illness and onset of 
AHL, (2) the lack of identification of an 
infecting organism, (3) the relation to 
immunization, (4) the atopy observed in 
many patients with AHL, and (5) the 
similarity to a fulminant form of experi- 
mental allergic encephalitis.” In ani- 
mals, experimental allergic encephalitis 
is a model of acute disseminated leu- 
koencephalitis; it is also a white matter 
myelinoclastic process but of less acute 
course than AHL.” In addition, DNA- 
synthesizing lymphoblasts have been 
observed in the peripheral blood of a 
patient with AHL, as well as in animals 
with experimental allergic encephali- 
tis.” 

Success in the treatment of AHL has 
been modest. Two of five proved cases 
survived following surgical decompres- 
sion." High-dose steroids (10 mg of 
dexamethasone administered intrave- 
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nously, then 6 mg every 6 hours) have 


been thought to aid in the survival of 
patients with AHL.” More recently, 
plasma exchange was used successfully 
in one patient with neurologic sequelae 
of mycoplasmal pneumonia.” Until now, 
to our knowledge the use cyclophospha- 
mide has not been reported in the treat- 
ment of AHL. Its effect in this patient 
remains uncertain. Effective treatment 
probably consists of a combination of 
early diagnosis based on clinical suspi- 
cion, neuroimaging, brain biopsy, life 
support with reduction of elevated ICP 
in the critical stage, and early, sus- 
tained treatment with appropriate 
immunosuppressants. 
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Isolated Congenital Hemianopia Caused 


by Prenatal Injury to the Optic Radiation 


Nicola K. Ragge, MRCP FCOphth; A. James Barkovich, MD; 


William F. Hoyt, MD; Scott R. Lambert, MD 


è Isolated congenital hemianopias are 
typically caused by developmental abnor- 
malities of the occipital lobe cortex. We de- 
scribe two patients with an incidental partial 
hemianopia associated with unilateral peri- 
ventricular leukomalacia that was acquired 
prenatally. Magnetic resonance imaging 
scans suggest a late second or early third 
trimester unilateral cerebral ischemic event. 

(Arch Neurol. 1991 ;48:1088-1091) 


[ slated congenital occipital lesions 

with accompanying hemianopia usu- 
ally involve gray and white matter. Ex- 
amples include porencephaly’’; vascular 
malformations, either isolated or in as- 
sociation with Sturge-Weber—type mal- 
formation without cutaneous signs’; col- 
pocephaly’; and polymicrogyria of the 
striate cortex."’ This report documents 
two cases of congenital hemianopia 
caused by prenatal injury to the peri- 

ventricular white matter. 
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REPORT OF CASES 


CASE 1.—A healthy 21-year-old white 
woman was found to have an inferior qua- 
drantic field defect during a routine eye ex- 
amination. She had a history of herpetic ker- 
atitis in her right eye. There was no history of 
prenatal or postnatal illness or neurologic 
disorder. Her visual acuities were 20/50 in 
the right eye and 20/20 in the left eye. There 
were no abnormalities of color vision. Her 
pupil reflexes were equal bilaterally, Both 
Goldmann and computerized visual field test- 
ing showed a right inferior homonymous qua- 


Fig 1.—Patient 1. Right inferior homonymous quadrantic defect demonstrated by Goldmann 
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drantanopia with minor incongruity along 
the horizontal meridian (Fig 1). There were 
signs in both retinas of nerve fiber loss corre- 
sponding to that seen in homonymous he- 
mioptic atrophy.” Both discs were small in 
diameter. The right dise showed band atro- 
phy, with loss of nerve fiber layer especially 
prominent at the nasal dise edge, where the 
pigment epithelial edge could be seen. The 
superior and inferior arcuate bundles were 
well preserved. On the left disc, a full com- 
plement of nasal nerve fiber layer could be 
seen, but temporal pallor and relative loss of 
the superior and inferior areuate bundles 
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Fig 2.—Patient 1. Left, Coronal T,-weighted image at the level of the ventricular trigone shows a nearly complete absence of 


periventricular white matter inferolaterally on the left. The de 


pths of the cortical gyri nearly abut the ventricular surface. Center, 


Heavily T,-weighted axial image shows the expanded trigone and paucity of periventricular white matter. The lateral margin of 
the ventricle is poorly defined. Right, Spin-density image at the same level as center shows high signal intensity in the 


periventricular white matter, representing damaged tissue. The 


occurred later than that in patient 2 (compare with Fig 4, right). 








Fig 3.—Patient 2. Left superior homonymous quadrantic defect demonstrated by Goldmann 


perimetry. 


were present. 

Magnetic resonance images of the brain 
(Fig 2) showed ex vacuo enlargement of the 
trigone and occipital horn of the left lateral 
ventricle. The close approximation of the cor- 
tical gyri, particularly the posterior insular 
cortex, to the ventricular surface was charac- 
teristic of the pattern seen as a result of loss 
of the intervening white matter. In this loca- 
tion, the white matter is partially composed 
of the optic radiations. T,-weighted images 
showed a thin strip of high signal intensity in 
the immediate periventricular white matter 
indicative of replacement of normal tissue by 
gliotie white matter. 

CASE 2.—A healthy 10-year-old black boy, 
«who was being followed up in the eye clinic 
or a left esotropia and amblyopia, was found 
<0 have a left homonymous hemianopia. 
here was no significant obstetric or perina- 
_ os cal history. His visual acuities were 20/25 in 

= tae right eye and 20/200 in the left eye, The 
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pupils were 3 mm in diameter, equal, and 
fully reactive. There was a mild left relative 
afferent pupillary defect. The patient had a 
left superior homonymous quadrantanopia 
(Fig 3). The retinal nerve fiber layer demon- 
strated a pattern of nerve fiber loss indicat- 
ing homonymous hemioptic atrophy. The re- 
markable feature of both dises was that they 
were large in diameter, with pronounced 
physiological cups and a nasal entrance of the 
vessels. The left dise was vertically oval and 
kidney shaped with band atrophy. There was 
an atrophic nerve fiber layer at the nasal 
border of the left dise compared with a full 
nasal nerve fiber layer adjacent to the right 
disc. 

Computed tomography of the head showed 
enlargement of the right lateral ventricle, 
most notably the trigone, as a result of loss 
periventricular white matter. Magnetic res- 
onance imaging with gadolinium—pentetic 
acid (Fig 4) showed the same enlargement of 











presence of this area of high intensity indicates that the damage 


the ventricle and more clearly showed t 
close approximation of the depths of the e 
tical gyri to the ventricular wall. T,-weight 
images showed normal intensity of the pe 
ventricular white matter. No enhanceme 
was seen after administration of intravenc 
contrast. 


COMMENT 


We have described two cases of w 
lateral white matter injury in the regi: 
of the optic radiations causing isolat 
partial hemianopias. In both cases t 
ophthalmologic evidence of transsyna 
tic nerve fiber degeneration establish 
the oceipital injury as a prenat 
event.”" The occurrence of such notie 
able retinal nerve fiber layer and opt 
dise changes is somewhat unexpecte 
the predicted loss of nerve fibers | 
transsynaptic degeneration from a | 
sion that causes a quadrantanop 
would be about 25% from each opt 
nerve, We have no explanation for tł 
fact that both patients’ homonymot 
field defects were quadrantic, while tł 
magnetic resonance imaging scar 
showed diffuse, not focal, thinning 
the visual radiation in the involved o 
cipital lobes. 

The affected regions of both brair 
have magnetic resonance imaging chai 
acteristics that fit those reported fc 
end-stage periventricular leukomak 
cia." These are (1) ventriculomegah 
sometimes with irregular outline of th 
ventricular surface; (2) reduce 
amounts of periventricular white mat 
ter at the trigone and, in more sever 
cases, the entire centrum semiovale; (£ 
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Fig 4.—Patient 2. Left, Axial T,-weighted image after infusion of intravenous contrast shows enlarged frontal horn and trigone of 


the right lateral ventricle. Note the paucity of white matter 


between the cortical gyri and the ventricular surface on the right side 


compared with the left. No contrast ennancement is apparent. Center, Coronal T,-weighted image at the level of the ventricular 


trigones shows that the absence of periventricular w 
Right, Axial spin-density image at the level of the 


hite matter is more marked inferiorly at the level of the optic radiations. 
ventricular trigones shows an absence of high signal intensity in the 


periventricular white matter (compare with Fig 2, right). This implies an earlier gestational event. 


deep and prominent cortical sulci with 
subcortical white matter approaching 
the ventricles with little interposed 
white matter; and (4) prolonged T, re- 
laxation time in the immediate peritri- 
gonal white matter, sometimes extend- 
ing anteriorly along the ventricular 
body. 

Periventricular leukomalacia occurs 
most commonly in premature infants 
who also have other complications in- 
cluding hyaline membrane disease, per- 
sistent fetal circulation, and germinal 
matrix hemorrhage.” Both pathologi- 
cal and neuroimaging studies have 
shown a characteristic progression that 
begins with edema, followed by coagu- 
lation necrosis and eventually cavita- 
tion, usually in 3 to 6 weeks.“ The 
cysts usually collapse, the affected 
brain exhibiting gliosis and reduction in 
the quantity of white matter in the peri- 
ventricular region. The ependymal sep- 
aration between the cavities and the 
ventricle may break down, with conse- 
quent incorporation of the cavities into 
the ventricle. 

Since periventricular leukomalacia 
occurs most commonly in the peritri- 
gonal region,” through which the geni- 
culocalearine radiations course, it is not 
surprising that patients with this condi- 
tion commonly have visual impair- 
ment." However, this is usually seen 
in the context of a premature infant with 
bilateral defects. Several authors have 
described unilateral periventricular 
leukomalacia*”'; however, all have con- 
centrated on motor dysfunction and 
none have described visual impairment. 
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The pathogenesis of most cases of 
periventricular leukomalacia is now 
widely accepted as being the result of 
ischemia in the immature brain." ** 
The “watershed areas” of the prema- 
ture brain are located in the periventri- 
cular region.” At about 36 weeks’ gesta- 
tional age, the watershed areas begin to 
move peripherally, eventually reaching 
the subcortical white matter and cere- 
bral cortex at term. It is a logical exten- 
sion of this concept to postulate that 
unilateral periventricular leukomalacia 
is most likely to be the result of in utero 
hypoperfusion of a single hemisphere. 

Gilles et al” have shown that the glial 
response to brain injury is minimal prior 
to about 26 weeks’ gestational age. Bar- 
kovich and Truwit™ have further shown 
that asphyxic brain injury prior to 28 
weeks’ gestational age shows minima! 
periventricular T, prolongation. The 
area of prolonged T, relaxation time ad- 
jacent to the enlarged trigone in patient 
2 indicates an injury between about 2& 
and 34 weeks’ gestational age, whereas 
the absence of periventricular pro- 
longed T, relaxation in patient 1 indi- 
cates an earlier injury, most likely dur- 
ing the second half of the second 
trimester. 


This study was supported, in part, by grants 
from the Wellcome Trust and the Royal Society of 
Medicine, London, England. Dr Ragge is a Keeler 
Scholar, Keeler Ltd, Windsor, England. 
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~: Miller Fisher, MD 


“@ Two hours after minor surgery under lo- 
cal anesthesia, a 67-year-old man developed 
vivid visual hallucinations that were present 
only when he closed his eyes. After lasting 4 
hours, the hallucinations were succeeded by 
racing thoughts, lasting 2 hours, and then by 
usionary movements of his body. The reac- 
on was attributed to the effect of lidocaine. 
The case resembles one previously reported. 
“(Arch Neurol, 1991 ;48:1091-1092) 


he oceurrence of visual hallucina- 
tions on eye closure in a fully alert 
patient is a rarely reported phenome- 
non. Recently, one case was described 
n which the hallucinations were attrib- 
uted to atropine toxicity and lasted 11 
days.' The present case bears a close 
resemblance; but, in addition to visual 
hallucinations, the patient experienced 
“racing thoughts” (his term) and halluci- 
nations of body movement on eye clo- 
ure. The symptoms began shortly after 
a minor operation that was performed 
-under local anesthesia. 
Abnormal mental events are of inter- 
st, not only as they aid in clinical inter- 
retation, but also as they extend our 
knowledge of the brains behavioral 
apability. 





























REPORT OF A CASE 


A 67-year-old hypertensive physician re- 
‘ported a 15-minute spell of weakness of the 
“right side of the face and the right hand. 
Results of neurological examination were 
normal, as was a cranial computed tomo- 
yraphic scan. Angiography showed stenosis 
both internal carotid arteries to less than 
mm residual lumen, worse on the right 
ide. A right-sided carotid endarterectomy 
was attempted, but patency could not be re- 
stored, and the internal carotid artery was 
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ligated. Immediate recovery was unevent- 
ful; but, 24 hours later, on removing the drain 
from the wound, bleeding occurred into the 
neck, forming a mass that displaced the tra- 
chea. The blood clot was promptly evacuated 
using 15 mL of 0.01% lidocaine, with 0.005% 
phenylephrine hydrochloride as the local an- 
esthetic. The only additional medications 
were codeine, 60 mg, given orally 2 hours 
before the operation; cefazolin sodium, 1 g; 
and labetalol, 5 mg, administered twice dur- 
ing the procedure, which was uncomplicated 
and lasted about 1 hour. Cerebral hypoxia 
did not occur. The labetalol temporarily re- 
placed atenolol, which the patient had been 
taking for about 6 years. 

At 12:30 PM, two hours after surgery, 
while drowsing, the patient began to experi- 
ence visual hallucinations; these continued 
for about 4 hours. According to his daughter, 
who sat at his bedside as he described the 
events to her, he was lucid and appropriate at 
all times. He was first seen by me a few hours 
after the aberrant ideation had ceased; at this 
time, his memory of the happenings was still 
fresh. 

The visual hallucinations consisted of four 
main topics: books and other printed materi- 
al, street scenes, snowy landscapes, and ani- 
mals of many kinds. The images followed one 
another in quick suecession, “nonstop with no 
rhyme or reason,” each one lasting 2 or 3 
seconds. When he opened his eyes, the vi- 
sions disappeared. Although he was wide 
awake and apparently clear mentally, it was 
for some reason difficult to keep his eyes 
open. “It was as if they were being forced 
shut.” He was not frightened or alarmed, but 
was restless and unduly excited; he attribut- 
ed this to a feeling of being out of control and 
helpless. The images were colored and pro- 
jected into the center of space before him, 
without lateralization. They were silent, and 
figures showed no facial movements to sug- 
gest that they were speaking. The individual 
hallucinations were entirely unrelated to one 
another, with no recognizable narrative con- 
nection. It was broad daylight, and the room 
was brightly lit. 

The printed matter consisted of books and 
pages; in addition, handwritten material was 
present. The colored street scenes were not 
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Visual Hallucinations and Racing Thoughts 
on Eye Closure After Minor Surgery 


recognized as being in any particular city; 
many people about 1 m tall were rushing 
across the street from side to side at great.’ 
speed, dashing hither and thither, creating a 
bewildering confusion. The streets were 
lined with buildings on each side. The people 
seemed to be further away than the sur- 
roundings, creating the appearance of minia- 
turization. There were no autos. The snow 
scenes stretched for miles over low hills, As: 
the hospitalization was in the winter time, = 
when there was snow, this may have been a 
determining factor; but, a snow scene could. 
quickly be followed by one without snow. 
There were no trees. The animals were de 
formed and repugnant; for example, there 
were ugly, one-eyed Picasso-like monsters, » 
or, grotesque, nongeometrical shapes that 
were everchanging. The animals were sta- 
tionary, as in a picture. There were no recog- 
nizable normal animals, such as dogs, cats, 
horses, or rodents. The coloring was mostly 
of water colors and pastels, except for white, 
which was quite bright, and orange, which 
was vivid. 

As the visual hallucinations subsided, they 
were followed by a most. unpleasant episode 
of “racing thoughts.” The patient was not 
aware of any visual or auditory images. Un- 
connected thoughts followed one another in 
quick succession, without any sense. They 
passed so swiftly, the patient was unable to 
recognize them. It was his impression that 
they were about people, rather than things 
or places. They probably involved family 
members, including a grandson. Each 
thought might consist of three staccato bits, 
only to be interrupted by an entirely differ- 
ent thought with its own few bits, with the 
whole series being fragmentary and mean- 
ingless. Also, the thinking spree was present 
only when his eyes were closed; this was 
immediately dispelled on opening the eyes; 
but, again, there was difficulty in keeping the 
eyes open in the absence of sleepiness. The 
episode of rushing thoughts was stranger 
and more unpleasant than the visual halluci- 
nations, although the thoughts themselves 
were not frightening or bizarre. The patient 
agreed that the thoughts might have been 
ordinary thinking, speeded up to a dizzying 
degree. In light of the patients statement 
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that his “racing thoughts” were without visu- 
al or auditory imagery, the presence of imag- 
ery during normal thinking was discussed 
with him. He concluded that the thoughts 
passed and changed so rapidly that analysis 
was impossible. The “racing thoughts” pre- 
empted his mind, precluding any parallel 
thinking on his own, 

In the minutes following cessation of the 
“racing thoughts” that had lasted about 2 
hours, the patient had the sensation that 
both he and his bed were moving along in the 
direction of the foot of the bed. Alarmed, he 
would open his eyes and seize the side rails of 
his bed, whereupon the feeling of movement 
stopped. The bed was involved in the move- 
ment, and not just the patient; nevertheless, 
the act of holding on (or opening the eyes) 
stopped the sensation. He thought the move- 
ment resembled his being taken to the oper- 
ating room on a stretcher; that is, the speed 
of the motion was similar. Each time he 
closed his eyes, the sensation recurred. This 
lasted for 30 minutes to 1 hour. 

The patient was aware that all of the phe- 
nomena described were in his imagination 
and not real. He opened his eyes deliberately 
and looked around to be sure that this mind 
was clear. According to his daughter, his 
speech was normal. The patients neurologic 
examination results were normal, both be- 
fore and after the surgical procedure. His 
memory of the details was quite intact, indi- 
cating that the hippocampal memory system 
was recording events. The visual hallucina- 
tions were highly complex, evidence that the 
visual association cortex maintained a high- 
level performance. 


COMMENT 


A previous article! reported the oc- 
currence of visual hallucinations associ- 
ated with eye closure in a patient with 
atropine toxicity. The visual hallucina- 
tions in the present case were much the 
same— present on eye closure and con- 
sisting of a rapid succession of unrelated 
images, faintly colored, and silent. The 
two cases probably represent the same 
process. In the atropine case, the hy- 
pothesis was advanced that if a parallel 
with any recognized normal neurologic 
phenomenon was to be drawn, it was 
with the hypnagogie hallucinations of 
sleep onset. It was speculated that the 
hallucinations were the result of a pri- 
mary disturbance in the sleep-awake 
apparatus of the brain stem — in particu- 
lar, in the rapid eye movement system 
of the pontine tegmentum. Support for 
the hypothesis was limited to clinical 
observations —the crucial importance of 
eye closure, a disturbance of sleep, ex- 
cessive dreaming, and the presence of a 
dreamlike quality in some of the visual 
hallucinations. In the present case, the 
entire abnormal period lasted only 7 
hours, although the patient may have 
slept in the interval between completion 
of surgery and the onset of hallucina- 
tions. When asked why he closed his 
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eyes rather than keeping them open, 
thus preventing the imagery, the pa- 
tients answer was of some interest. His 
explanation was that for seme reason it 
was difficult to keep them open. Eye 
closure is a central feature of the syn- 
drome, and if in some way it is “forced,” 
a relationship with sleep would be 
strengthened. 

Besides visual hallucinations, the 
present patient had the two additional 
features: racing thoughts and illusions 
of movement, occurrence of which was 
also strictly related to eye closure. It 
may be presumed that these features 
share a common or closely related origin 
with the visual hallucinations and that 
all three are analogous manifestations. 
The racing thoughts showed the same 
nonstop rapid turnover of unrelated 
items, as did the visual hallucinations. 
Racing thoughts and illusory movement 
are not described in hypnagogic experi- 
ence,’ and racing thoughts do not occur 
in dreaming. In this regard, the stated 
hypothesis is weakened. 

The symptom of racing thoughts is 
rare in neurology. The manic phase of 
manic-depressive illness may bring a 
“press of speech and ideas.” Schizo- 
phrenics may show the same trait, but 
whether there is any parallel with the 
present symptom requires further ob- 
servation. The records of the Massachu- 
setts General Hospital Stroke Service 
contained notes on one patient whose 
story may be relevant. A 50-year-old 
man with an upper respiratory infection 
and a temperature of 40°C reported vi- 
sual hallucinations of objects, buildings, 
and magnificent cathedral arches on 
closing his eyes. The images lasted only 
1 to 2 seconds, were in black and white, 
full size, and about 6 m distant. The 
images seemed to change or shift when 
the eyes moved beneath the closed lids. 
They were always superimposed on a 
grid or meshwork containing interstie- 
es, but not a woven texture. There was 
no sound or color. The hallucinations 
disappeared on opening the eyes. Also, 
on closing the eyes, the patient had 
what he called, “forced ideas,” in which 
he thought about things that were for- 
eign to him, as well as threatening. He 
said “they were vivid dreams, but not 
visual.” 

Just as visual hallucinations, in view 
of their complex nature most likely arise 
in the visual association cortex, racing 
thoughts must be a cortical phenome- 
non, localized probably in the associa- 
tion areas of the dominant parieto-oc- 
cipital region. In keeping with this, is 
the occurrence of brief runs of racing 
thoughts in partial complex seizures of 
temporal lobe origin. 

The term illusionary movement used 


for the patient’s third symptom is prob- 
ably inaccurate, for the sense of motion 
with the eyes closed was a false percep- 
tion; therefore, this qualifies as a hallu- 
cination, rather than as an illusion. A _ 
false sense of turning or rocking is com- 
mon in labyrinthine disorders when the 
eyes are closed, but the occurrence of a 
well-patterned discrete motion, such as 
our patient described, is eutside our 
personal neurologic experience. The na- 
ture of the false-linear metion of the 
body and its locus within the nervous 
system are quite unknown. By analogy 
with the other two symptoms, a cortical 
origin would be suspected. 

Whereas atropine was held to be the 
responsible agent in the previous case, 
it was not a factor here. Lidocaine is 
commonly associated with sleepiness 
and confusion,” and it must be the pri- 
mary suspect. Labetalol in two doses of 
5 mg can hardly be incriminated, al- 
though B-adrenergic blockers can cause 
confusion.‘ Cefazolin is not known to be 
toxic to the central nervous system. 
Phenylephrine in very small doses is an 
unlikely offender. At the same time as a 
toxic effect of medication is emphasized, 
it is to be recalled that in the supplemen- 
tary case described, infection and fever 
produced a somewhat similar syn- 
drome. It is of interest that one of the 
main adverse effects of lidocaine is 
drowsiness, reflecting an action in the 
sleep-awake system, wherein, by pre- 
sent postulate, the patients symptoms 
arose. If that is true, the clinical picture 
illustrates the principle that toxic mani- 
festations originate within a distinct 
functional subsystem of the brain, here, 
the sleep-awake subsystem. 

One other point warrants comment, 
namely, the visualization of printed and 
written material in hallucinations. 
Whereas in the present case no meaning 
could be discerned, in the previous case, 
the patient thought he recognized 
words and meaning; but, on peering 
closely, the letters became nondescript 
markings and, finally, disappeared alto- 
gether. Meaningful print and script. do 
not appear in dreams, indicating that 
the brain cannot display from memory 
preformed written material that can be 
visualized. 
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Professional Opportunities — 


KANSAS — Board-certified, board-eligible neurol- 
ogist to join child neurologist in rebuilding a three- 
person practice in the largest city in Kansas. Three 
Jarge, well-equipped hospitals available for resident 
and undergraduate medical education. Located in 
clean, progressive community described as the 
franchise capital of the country. Competitive salary 
and benefits available. Send CV to: Richard C. 
Gilmartin, MD, 2620 East Central, Wichita, KS 67214. 


MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. Con- 
tact: William Gfeller, 450 Hookahi Street, Wailuku, 





separate, busy solo neurologists. Practices are ref- 
erral based, with two separate offices and three 
voluntary hospitals. Successful candidate would be 
expected to develop a separate solo, but collabora- 
tive practice. Established physicians would expect 
to provide substantial support for beginning physi- 
cian. Opportunity would provide for cross coverage 
and joint venturing of facilities. Successful candi- 
date should have excellent clinical skills. The medi- 
cal community has excellent neurophysiology, neuro- 
radiology, and neurosurgery. Located in a medium 
size city with both excellent living conditions and an 
extremely solid economic base. Please contact: Jef- 
frey A. Ribner, MD, 503 Plaza Drive, Vestal, NY 
13850. (607) 729-1521 or Robert R. Taylor, Jr., MD, 
269 Riverside Drive, Johnson City, NY 13790. (607) 





gist to join two neurologists in busy clinical practice. 
Ail neurodiagnostics available. Salary leading to 
partnership. Position available immediately. Send 
CV to: Marilyn Miller, 145 Dillon Drive, Spartanburg, 
SC 29302. 


MELBOURNE, FLORIDA — Outstanding opportu- 
nity for an adult neurologist who would like to join a 
group of nine neurologists. Our group includes 
child neurologist, neuromuscular specialists and 
neurorehabilitation specialists. We live in a beauti- 
ful, high tech, beachside community with great 
schools and affordable housing. Please send CV to: 
Search Committee, P.O. Box 693, Melbourne, FL 


recruiting a BC/BE neurologist: Mercy Medical Cen- 
ter is an extremely progressive and active 100-bed 
facility and is doing well financiatiy and growing — 
primarily due to an excellent staff of 90 physicians 
and a decent economy. Durango is located in 
southwestern Colorado, with an abundance of out- 
door recreation (skiing, fishing, hunting, bicycling) 
excellent restaurants, an excellent local 4-year col- 
lege, great weather and excellent schools! For more 
informaion about this excellent practice opportuni- 
ty, mail CV or call: Bob Conrad, Vice President, 
Mercy Medical Center, 375 East Park Avenue, 
Durango, CO 81301. (303) 247-4311. 
INDIANAPOLIS METROPOLITAN AREA: Young 
and aggressive Indianapolis neurological group 
seeks board-eligible or -certified associate. Broad 
spectrum of clinical experience is important. Expe- 
rience in EEG, evoked potentials and EMG is neces- 
sary. Sub-specialty training is desirable, but not 
necessary. indianapolis is a desirable, growing, 
clean and safe community. Excellent salary plus 
bonus and beneifts leading to partnership opportu- 
nity. Send GV to: Midwest Neurological Insitute, 998 
East Main Street #202, Danville, IN 46122. 
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Professional Opportunit 


CHICAGO SUBURBAN solo practitioner wit! 
busy practice seeking a full-time BC/BE clin 
neurologist. EMG skills required. Immediate op 
ing. Wonderful opportunity to expand with possi 
early partnership. Reply with CV to: Yvonne Jur: 
MD, 125 East Lake Cook Road, Buffalo Grove 
60089. 





gist to join neurosurgeon in southwest Colora 
Near 94 acute plus 11 skilled nursing bed Rosg 
(Mercy Medica! Center). 140,000 catchment a 
No neurologist now based in Durango. Sole net 
surgeon presently in private practice, Medical Dir 
tor Pain Rehabilitation Center, plus directs net 
diagnostic lab (EEG, EMG, NCV, evoked potenti 
brain mapping, thermogram). Needs help! Gr 
place to live — hiking, fishing, hunting, etc. Wills 
practice with right applicant. Spouse must be will 
to live in small town rural area. Maii CV or call: f 
Crue, Jr, MD, FACS, 1130 Main Avenue, Duran 
CO 81301. (303) 259-0779, 


dementia, sleep or EEG to join existing neurole 
group in southeastern Wisconsin. Two full-ti 
neurologists and part-time pediatric neuroloy 
and neuropsychologist. Rapidly expanding praci 
located one hour north of Chicago. Early partr 
ship. Salary negotiable. Contact: Raymond 
Rybicki, MD, (414) 631-8550 or send CV to: 3i 
Spring Street, Suite 201, Racine, WI 53405. 


Neurologist 


The Mason City Clinic 
is a progressive 
multi-specialty clinic in 
the Heartland. 


We are looking for a 
neurologist to join our very 
busy practice. Small-town 

security within two 

hours of Minneappolis 
and Des Moines. 


MRI, CT, sleep lab, EEG, EMG, 
neurosurgery, cardiac surgery 
orthopedic surgery, cancer 
center, GI lab, and ENT 
capabilities. 
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Excellent salary 
and benefits. 


Submit CV to: 


Ralph A. Wolf, Administrator 


300 N. Eisenhower Avenue 
Mason City, IA 5040] 
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CHARLOTTE, NORTH CAROLINA: High quality 
group of five neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained specialist. Con- 
tact Mike Kaufman, MD, 1900 Randolph Road, 
Suite 1010, Chariotte, NC 28207. Or call: (704) 
334-7311. 





NEED A DOCTOR? For the most mpreh 

coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: (800) 237-9851. 


NEUROLOGIST -— BC/BE to join main branch of of 
thirty-five physician multi-specialty group. Excel- 
lent clinic and hospital facilities. Very competitive 
salary and benefit package. Excellent opportunity. 
Good hunting. fishing. Good schools, a beautiful 
place to raise a family. Call Executive Administrator 
collect (701) 857-0236, or write: Medical Arts Clinic, 
PC. P.O. Box 1489, Minot, ND 58702-1489. 


EXCELLENT OPPORTUNITY for BC/BE neurolo- 
gist to join 80-physician comprehensive, multi- 
specialty group in San Francisco Bay Area. Large, 
varied referral base from Pediatrics, IM, FP, and 
Surgery. EMG/NCV, EEG, Evoked Response Test- 
ing, CT, MRI, Radiology support all available on site. 
Opportunity to interface with specialists of all types 
including neurosurgeons. Major university teaching 
affiliation encouraged and possible. Close proxim- 
ity to 400-bed full service, modern hospital serving 
population of 300,000. Competitive guaranteed 
salary with bonus productivity plan for initial 18 
months leading to partnership track, Extensive 
benefit package including housing incentives. Uni- 
que cultural, recreational and educational opportu- 
nities. Send CV to: Gary D. Zweig, MD, Recruitment 
Chairman, Sunnyvale Medical Clinic, P.O. Box 
3496, Sunnyvale, CA 94088-3496. 
OCHSNER NEUROLOGIST — The Ochsner Clinic 
of Baton Rouge seeks qualified neurologists to 
expand its department in our muilti-specialty regional 
clinic. The practice offers an opportunity to practice 
in a setting which supports innovation and involve- 
ment in education and research. Competitive salary 
and excellent fringe benefits program. Send CV to: 
Ochsner Clinic of Baton Rouge, Physician Recruit- 
ing Support Services, 16777 Medical Center Drive, 
Baton Rouge. LA 70816; or call: (800) 488-2240. 





NEUROLOGIST: “Urban area in North Carolina. 
BC/BE, to join solo neurologist in a rapidly expand- 
ing, progressive and active practice. All neurodiag- 
nostic modalities available. Excellent salary ieading 
to partnership. Experience in EMG, EEG and EPs. 
Please reply with CV to: Box #822, c/o AON. 
EXCELLENT OPPORTUNITY for BC/BE neurolo- 
gist to practice in large eastern metropolitan area. 
Opening for July 1992 or earlier, for private practice 
with geographic full-time appointment at large 
teaching institution. Medical school appointment, 
teaching and research opportunities. Subspecialty 
in movement disorders, muscle diseases or neuro- 
oncology preferred but not required. Submit CV to: 
P.O. Box 5849, Pittsburgh, PA 15209-0849. 
NEUROLOGIST: BC/BE neurologist to join estab- 
lished neurologist or establish independent practice 
with shared call and negotiable reimbursement 
options. Progressive midwestern community hospi- 
tal close to several academic institutions and with 
attractive recreation options. Contact: B. Sisman, 
MD, (313) 242-6030. 


NEUROLOGIST -= Reynolds Army Community 
Hospital, Fort Sili, Oklahoma is currently seeking 
BE/BC neurologist, Opportunity to practice in new 
state-of-the-art clinic office/hospital setting. Com- 
petency in EEG/EMG required. CAT scan and MR! 
interpretation experience desirable. No capital 
investment required. Compensation is negotiable 
depending on applicants qualifications. Informa- 
tion, application forms and instructions for applying 
may be obtained by calling or writing the: Depart- 
ment of the Army, Commander, USAMEDDAC. 
Attention: HSUA-CAM, Major Condra, Fort Sill, OK 
73503-6300, Telephone number: (405) 351-4021/2418. 





THE OCHSNER CLINIC in New Orleans is seeking 
a BE/BC neurologist with fellowship-training in 
neuromuscular disease. The candidate should have 
strong Clinical skills in the diagnosis and manage- 
ment of both peripheral nerve and muscle disease. 
Experience in interpreting nerve and muscle biopsy 
is also required. It would be preferred yet not essen- 
tial that the physician be abie to perform the actual 
biopsy. The Ochsner Clinic 1s a large (250 MDs) 
muiti-specialty clinic with an adjoining 500-bed 
hospital. The neurology service is affiliated with the 
Tulane University Neurology Department and our 
staff have clinical appointments at Tulane Univer- 
sity. The neurology service has teaching responsi- 
bilities at the Ochsner Foundation Hospital for 
Tulane neurology residents, Ochsner medicine res- 
idents, Louisiana State University Rehabilitation res- 
idents, Ochsner interns and Tulane mecical stu- 
dents. At Ochsner there are also opportunities for 
individual and cooperative clinical research. Inter- 
ested physicians should send a complete CV to: Dr. 
Richard L. Strub, Chairman, Department of Neurol- 
ogy, Ochsner Medical institutions, 1514 Jefferson 
Highway, New Orleans, LA 70121. For more details, 
please call: (800) 488-2240. 





NEUROLOGIST — San! Francisco, Lake Tahoe and 
Reno are just 90 minutes away. Neurologist to join 
one other in busy and diverse practice. The groups 
well established referral network of 45 physicians 
and surgeons will insure volume and variety of 
cases. Department is equipped with EMG, EEG, and 
CT. Sacramento is a brief 35 minute drive. For com- 
plete details: Gerry Myers (800) 368-2416, Extension 
107. 





GREAT LAKES! Well-established, “rapidly growing 
neurology practice seeks additional BC/BE neurol- 
ogist. Charming community in area nationally rec- 
ognized for medical excellence. Country ‘ifestyle 
yet easily accessible to major metropolitan area. 
State-of-the-art facilities; good patient mix; cover- 
age from BC neurologists; financial/benefit pack- 
age commensurate with experience. Contact: Ruth 
Koch, (800) 368-2416, Extension 104. 

SEATTLE — Expanding, 68- -physician, multi- 
specialty group seeking sixth BE/BC neurologist- 
subspecialty training preferred. Options for aca- 
demic affiliation. Epilepsy. stroke, geriatrics, 
electrophysiology and movement disorder are areas 
of need, Send CV to: The Polyclinic, Attention: 
Robert Schroeder, Administrator, 1145 Broadway, 
Seattie. WA 98122-4299. 
THE DEPARTMENT ‘OF NEUROLOGY at Henry 
Ford Health Sciences Center is looking for BC/BE 
Clinical neurologists with expertise in electromyo- 
graphy and electroencephalography to join a very 
active clinical neurophysiology section where over 
40,000 studies are performed annually. Qualified 
individuals are expected to teach Neurology resi- 
dents (inpatient and outpatient}, participate in train- 
ing of residents and fellows in clinical neurophysi- 
ology, and work cooperatively in a 20-neurologist 
department. Research opportunities and facilities 
exist in a number of related areas including MEG. 
Contact: K.M.A. Welch, MD, William T. Cossett 
Chair, Department of Neurology, Henry Ford Hospi- 
tal, 2799 West Grand Boulevard, Detroit, MI 48202. 








NEUROLOGIST — The Cleveland VA Medical Cen- 
ter is recruiting for a part-time {5/8) position for a 
neurologist. The applicant must be board-certified 
or board-eligible in neurology, have expertise in 
both EMG and EEG and satisfy requirements for 
appointment in the Neurology Department at Case 
Western Reserve University. Responsibilities include 
attending neurology outpatient clinics in Youngs- 
town, Canton, Brecksville, and Cleveland, Otvo, in 
addition to his/her responsibility for inpatient, con- 
sult services, reading EEGs and performing EMGs. 
Interested individuals should contact: Thomas R. 
Claflin at (216) 526-3030, Extension 7916. Or senda 
resume to his attention: Personne! Service 05(B), 
VAMC, 10000 Brecksville Road, Brecksville, OH 
44141. The Cleveland VAMC is proud to bean equal 
employment opportunity employer. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number , c/o ACN, 
P.O. Box 1510, Clearwater, FL 34617. 





METROPOLITAN NEW YORK CITY — BC/BE 
neurologist to join solo general practice. EMG. 
EP/EEG experience preferred. Excellent financ 
package. University affiliation. Send CV to: All 
Perel, MD, 1055 Hylan Boulevard, Staten Island, N 





NEW ENGLAND SEACOAST COMMUNITY seek. 
second neurologist for community hospital prac 
tice. Excellent location with abundant outdoo 
recreation, good schools, major scientific insti 
tions nearby. First year salary with early partners! 
option. Please contact: Michael Leahy, MD, 

i Bramblebush Park, Falmouth, MA 02540. 





NEUROLOGIST: BC/BE. Must have skills in EEG 
EMG and evoked potentials. To be associated wit! 
two neurologists in private practice, in a medica 
center location, with a expanding modern 181-bed 
hospital with complete modern equipment, and all. 
specialties are represented. Situated in an attractive 
high desert area of the northwest with abundan:.. 
recreational activities including the finest skiing, hik 
ing, hunting, and fishing. Excellent schools avail’ 
able, both public and private. This is a very active 

practice in a drawing area of 175,000 and an excel 
lent opportunity. Reply with curriculum vitae to: Bo: 
#823, c/o AON. ’ 



















BE/BC NEUROLOGIST, subspecialty expertis! 
neuro-oncology, including chemotherapy, resear 
and teaching. Assistant Professor with tenure earn- 
ing option. Salary and benefits negotiable. 
November 1, 1991 start. Contact: Leon D. Prockop, 
MD, Chairman Neurology Department, (813) 974- 
2794. University of South Florida is an affirmative 
action/equal opportunity employer. f 






REACH 
NEUROLOGISTS | 
If you are searching 1 
for a qualified specialist... L 
We Target : 
The Physician 
You Want! 


The December issue of 
the Archives of Neurology 
closes 
Friday, October 25th. 


Call us today 
to reserve your space. 


800-237-9851 
813-443-7666 





















































CADEMIC NEUROLOGIST sought with fellow- 
hip training in neuromuscular diseases and EMG. 
pportunity to develop research program, teach 
eurology residents, and start a fellowship. State- 
f-the-art equipment and technician furnished. 
lerve and muscle biopsy laboratory available in the 
department. Reply with CV to: Joseph B. Green, 
D. Chairman, Department of Medical and Surgical 
leurology, Texas Tech University Health Sciences 
‘enter, Lubbock, TX 79430. Texas Tech University 


ACADEMIC NEUROLOGIST sought with compe- 
ence in sleep disorders to direct sleep center. Op- 
ortunity also in epilepsy, EEG, and evoked poten- 
als, teach neurology residents and students. Reply 
ith CV to: Joseph B. Green, MD, Chairman; 
epartment of Medical and Surgical Neurology, 
Texas Tech University Health Sciences Center, 
“Lubbock, TX 79430. Texas Tech University is an 
equal opportunity employer. 





ACADEMIC NEUROLOGIST sought with training 
. in cerebrovascular disease to develop program. Col- 
borate with neuropathology and radiology to 
“develop research. Teach neurology residents. Reply 
swith CV to: Joseph B. Green, MD, Chairman, 
Department of Medical and Surgical Neurology, 
Texas Tech University Health Sciences Center, 
ubbock, TX 79430. Texas Tech University is an 
ual opportunity employer. 


CADEMIC NEUROLOGIST: A full- -time academic 
asition is available at the Assistant Professor level 
t Vanderbilt University Medical Center. Candidates 
ould be board-certified/board-eligible in neurol- 
y and should have completed iwo years of full- 
tellowship in epilepsy and clinical neurophysi- 
ology. The position includes teaching responsi- 
bilities and research. The preferred candidate will 
have experience in clinical epilepsy, long-term mon- 
itoring, electrocorticography, and experimental 

drug studies. Interested individuals should send CV 
| to: Bassel Abou-Khalil, MD, Department of Neurol- 
| ogy, Vanderbilt University Medical Center, 2100 
Pierce Avenue, Room 336, Nashville, TN 37212. 








NASHVILLE, TENNESSEE 









Immediate private practice, solo and group opportunities 
available for board certified or board admissible 
neurologist in the following locations: 


*NORTH CENTRAL INDIANA 
*NORTH WEST LOUISIANA *SOUTH EAST TEXAS 
*FLORIDA GULF COAST 


You will find excellent private practice opportunities 
in family oriented communities, competitive practice 
establishment packages which include salary/revenue 
guarantee, relocation and much more. Neurologists 
interested in these or other available positions are 

requested to send curriculum vitae in confidence to: 


DENNIS BOTTOMLEY 
Physician Placement Service of America 
330 Franklin Rd., Box 897 
Brentwood, TN 37024 
: 1-800-359-7421 
615-395-4764 


THE DEPARTMENT OF NEUROLOGY at The Uni- 
versity of lowa is recruiting a full-time faculty 
member (Assistant Professor level) to join two other 
members in the Division of Cerebrovascular Dis- 
eases. The Division of Cerebrovascular Diseases 
has an active program in education, patient care, 
and research, and is leading a large multi-center 
clinical trial in acute stroke therapy. Appointees are 
expected to join in the Division's activities and to 
conduct an independent program of scientific inves- 
tigation. The new faculty member shouid be quali- 
fied to practice medicine in iowa, board-certified or 
-eligible in neurology, and have had additional train- 
ing, preferably through a fellowship, in cerebrovas- 
cular disease. Please send inquiries to: Antonio R. 
Damasio, MD, Professor and Head, Department of 
Neurology, University of lowa, lowa City, IA 52242. 
The University of lowa is an equal opportunity, 
affirmative action employer. Women and minorities 
are encouraged tc to apply. — 


THE SCHOOL OF MEDICINE of the University of 
Missouri Health Sciences Center is seeking applica- 
tions and nominations for the position of Professor 
and Chairperson of the Department of Neurology. 
The candidate must have senior academic expe- 
rience with commitment to education and research. 
Demonstrated leadership and administrative capa- 
bilities are essential. The Chair is responsible for 
recruitment and retention of faculty, education of 
medical students and residents, the development of 
research programs and the Neurology clinical serv- 
ices in the University Hospital and Clinics. Send 
applications to: Donald H. York, PhD, Chair, Neu- 
rology Search Committee, University of Missouri- 
Columbia, Schoo! of Medicine, Office of the Dean, 
Columbia, MO 65212. The University of Missouri- 
Columbia is an equal opportunity and affirmative 
action institution. Females and minorities are 
encouraged to apply. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number _.__., c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 
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NEUROLOGY RESIDENCY PROGRAM atthe Uni- 4 
versity of North Carolina. PGYI! position available 
for entrance into Neurology Residency Program for 
1992. Appointment will be made through the Neu-. 
rology Residency Matching Program in 1992. Our: 
program offers strong Clinical training in general- 
adult and child neurology as well as subspeciality : 
exposure to epilepsy, sleep disorders, neuromuscus 
iar diseases and pain. For information contact: John. 
A. Messenheimer, MD, School of Medicine, Depart- 
ment of Neurology, University of North Carolina, CB 
#7025, 751 Clinical Sciences Building, Chapel Hilt, 
NC 27599-7025. (919) 966-3707. 





THE UNIVERSITY OF Cincinnati Neurology Depart- 
ment is offering a second year neurology residency 
position (PGY Ill) beginning as soon as possible, 
For information contact: Joseph P. Broderick, MD, 
Residency Director, Department of Neurology, Uni- 
versity of Cincinnati Medical Center, Cincinnati, OH 
45267-0525. (513) 558-5431. 





FELLOWSHIP IN CEREBROVASCULAR dise 
Fellowships in cerebrovascular disease arê ava 
able in the Department of Neurology at the Univer- 
sity of lowa. Comprehensive clinical training in: 
diagnosis and management of patients with stroke 
is complemented by opportunities for clinical. or 
basic research. Fellows are active participants in 
patient care and collaborate in several on-going 
local and multi-center clinical research studies. 
Candidates should be board-eligible or -certified in 
neurology and licensed to practice medicine in the 
United States. Please send inquiries to: Harold P: 
Adams, Jr, MD, Division of Cerebrovascular Dis- 
eases, Department of Neurology. University of iowa,’ 
lowa City. IA 52242; or call: (319) 356-4110. The 
University of Iowa is an affirmative action, equal 
opportunity employer. Women, minorities, and’ 
handicapped are encouraged to apply. 





NATIONAL STROKE ASSOCIATION announces. 

career-development fellowship awards ($30,000 
year) for stroke research. Application due January 

15, 1992 for July 1992 commencement. Contact: 

National Stroke Association, 300 East Hampden 

Avenue, #240, Englewood, CO 80110. (303) © 
762-9922. 


PAIN FELLOWSHIP — The Pain Service in the 
Department of Neurology at Memorial Stoan- 
Kettering Cancer Center is seeking a board- 
eligible/board-certified neurologist for a pain fel- 
lowship. This is a one or two year position which 
offers comprehensive training in pain evaluation 
and treatment with a strong emphasis on cancer 
pain. Fellows will participate in clinical investiga- 
tions of neuro-oncologic pain syndromes and the 
pharmacology of opioid analgesics. Laboratory 
research opportunities directed at the mechanisms 
of opiate action and the molecular pharmacology of 
opiate receptors are also available. Please contact: 
Kathleen M. Foley, MD, Department of Neurology, 
Memorial Sloan-Kettering Cancer Center, 1275 
York Avenue, New York, NY 10021. 
NEURO-ONCOLOGY Fellowships/Instructorships: 
July 1992 and 1993 — Neuro-oncology fellowships/ 
instructorships are available for July 1992 and 1993. 
The University of California, San Francisco, 
Department of Neurological Surgery, Neuro- 
Oncology Service, offers unprecedented opportuni- 
ties to participate in chemotherapy and radiation 
therapy trials of children and adults with brain 
tumors. Practice is primarily outpatient with some 
2,000 patient visits each year. A fully funded second ` 
year of laboratory research is available. Applicants 
for this position must be eligible for a California 
medical license and be board-eligible or board- 
certified in neurology, neurosurgery, or medical 
oncology. There are two positions available. Apply 
to: Michael Prados, MD, Department of Neurologi-. 
cal Surgery. M-787, Neuro-Oncology Service, Uni- 
versity of California, San Francisco, 505 Parnassus 
Avenue, San Francisco, CA 94143-0112. The Uni- 
versity of California is an equal opportunity/affirma- 
tive action employer. Women and minorities are 


encouraged to apply. 
soonest ea E a 














: We Target The Physician 
Neurobehavior You Want! 


Fellowship The Archives of Neurology's classified recruitment advertising section is seen by 
precisely the physician you need — neurologists, child neurologists and 
Emory University School of Medicine neurological surgeons. A specialized physician audience of over 16,000. 
invites applications for a one- or two- 
year fellowship in behavioral neurology, Send us your advertising order today. Just complete the coupon below and 
beginning on or atter July 1, 1992. The attach your typewritten copy. The next available issue is December which 
fellowship will offer exposure to the closes Friday, October 25th. 
neurology and neuropsychology of 
dementia, stroke, head injury, temporal 
lobe epilepsy, movement disorders, and 
atypical psychiatric disorders. 


The classified rate is $1.00 per word for one issue. For three issues or more, the 
rate is $.90 per word per issue. Minimum classified ad is 20 words. 


The fellow will be encouraged to inten- — en, tasks Rina 

sively participate in one of the research ORDER FORM 

activities of the program. Current clini- 

cal research includes. drug trials for 

Alzheimer's disease, cognitive evoked 

potentials in aging and stroke, and the Please insert my ad ______ times, beginning with the 

behavioral problems associated with 

temporal lobe epilepsy. Current basic 

research involves cellular neuroanat- 
nd neurophysio! relating to a 

omy ane PUE ee 9 Enclosed is my check for $ . All advertising 

must be prepaid with order. i 


Place my ad under the heading 





Please send letter of inquiry and CV to: 
Institution 





Robert C. Green, MD 
Neurobehavioral Program 


EMORY UNIVERSITY 
DEPARTMENT OF NEUROLOGY Address 


Wesley Woods Center f 

1821 Clifton Road, NE City 

Atlanta, GA 30329 

Telephone: (404) 728-6682 Area Code & Telephone Number 


Contact Person 








An equal opportunity employer. Authorized Signature 


NEUROEPIDEMIOLOGY: Training fellowshi , : 
wallabie for bourd-sligitie neciclost beginning | COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 
‘July 1, 1992, at the Sergievsky Center and Neurolog- 
J ical Institute, Columbia-Presbyterian Medical Cen- 
ter. Opportunity to earn a MS or MPH in epidemiol- 
ogy at the Schooi of Public Health and work on 
ongoing clinical studies. Special interest in cerebro- 
vascular disease or epilepsy preferred. Address 
“inquiries to: Dr. Ralph L. Sacco, Neurological Insti- 
tute, 710 West 168th Street, New York, NY 10032. 
Columbia University is an equal opportunity 




















fellowship is available for July, 1992, for the Neuro- 
biology of Aging. The position includes opportuni- 
ties for both clinical and basic research, as well as 
experience in the diagnosis and management of 
neurologic disorders occurring with age. The fel- 
wship is tor one or two years, and will include 
pportunities for participation in ongoing studies in 
neuropharmacology, neuropathology, molecular 
“neurobiology, neuropsychology and the deisgn of 
| clinical studies. Neurology. residency training or 
equivalent experience is required. The fellowship is 
|| -in the Neurology Department at the University of 
‘|: Massachusetts Medical Center. Reply to: David A. 
Drachman, MD, Professor and Chairman, Depart- 
‘iio ment -of Neurology, University of Massachusetts 
| Medical Center, 55 Lake Avenue North, Worcester, 
MA 01655 USA. EOE. 
































Send all copy and payments to: 


AMBULATORY 
ARCHIVES 
EEG SCANNING SERVICE OF 
For 24-hour EEG recordings by Oxford 9000 l 
-io Systems. Same day report upon receipt of tape. Neu ro ogy 
z Calk: EEG Department i 
oo OI eoe Aiar TE Classified Department, P.O. Box 1510, Clearwater, Florida 34617 
_ Room 211, 11085 Little Patuxent Parkway National (800) 237-9851. e Local (813) 443-7666 
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KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
rescribing, please see full prescribing information. A Brief Summary follows. 


ONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
jand complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
seizures occurring during or following neurosurgery. 
Phenytoin seram level determinations may be necessary for optimal dosage adjustments (see 
sage and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
phenytoin or other hydantoins. 
WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician. the need for dosage reduction. discontinu- 
‘ation. or substitution of alternative antiepileptic medication arises, this should be done gradually. 
-However:in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
erapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
longing to the hydantoin chemical class. 
There have been a number of reports suggesting a relationship between phenytoin and the 
evelopment of lymphadenopathy (local or generalized) including benign lymph node 
„hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph jode pathology. Lymph node 
involvement may occur with or without symptoms and signs esembling serum sickness, eg, 
fever, rash and liver involvement. 
In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
‘every effort should be made to achieve seizure control using alternative antiepileptic drugs. 
Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels, ; 
in view of isolated reports associating pheriytoin with exacerbation of porphyria, caution should 
be exercised in using this medication in patients suffering from this disease. 
: < Usage in Pregnancy: A number of reports suggests an association between the use of 
"antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs: less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 
The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
«cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. in individual 
Cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
“even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation. such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 

» growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during Pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage, However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
_.». epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
., Or Correct this defect and has been recommended to be given to the mother before delivery and 

to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotranstormation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
~ Of toxicity. 
: A small percentage of individuals who have been treated with phenytoin has been shown to 
“Metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 
_ Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome. or toxic epidermal necrolysis is suspected. use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) if the rash is 
of a milder type. (measies-like or scariatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
dication is contraindicated. 
Phenytoin.and other hydantoins are contraindicated in patients who have experienced 
enytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
{eg, barbiturates, ‘succinimides, oxazolidinediones and other related compounds) in these same 
patients. = 
< Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
ported. Phenytoin may also-raise the serum glucose level in diabetic patients. 
Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
enytoin’s interference with Vitamin D metabolism. 
hienytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
propriate diagnostic procedures should be performed as indicated. 
henytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
ence (petit mal) seizures are present, combined drug therapy is needed. 
um levels of phenytoin sustained above the optimal range may produce confusional states 
























Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 





referred to as “delirium? “psychosis” or “encephalopathy” or rarely irrever: i 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recomn 
reduction of phenytoin therapy is indicated if plasma levels are excessive: if symp! 
termination is recommended. (See Warnings.) ; 
Information for Patients: Patients taking phenytoin should be advised of the ir 
adhering strictly to the prescribed dosage regimen, and of informing the physician 
condition in which itis not possible to take the drug orally as prescribed, eg, sur 

Patients should also be cautioned on the use of other drugs or alcoholic beverage: 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to r 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to act 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease pheny 
which phenytoin may affect. Serum level determinations tor phenytoin are espe: 
when possible drug interactions are suspected. The most commonly occurring drug 
are listed below: 1. Drugs which may increase phenytoin serum levels include: a 
intake, amiodarone, chloramphenicol, chiordiazepoxide, diazepam, dicumarol, 
estrogens, Ho-antagonists, halothane, isoniazid, methylphenidate, phen 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodon: 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic al 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains ¢ 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin 
preparations containing calcium should be staggered in patients with low serum phe 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: ph 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarb 
acid and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired b 
include: corticosteroids, coumarin anti: 
digitoxin, doxycycline, estrogens, furos 
contraceptives, quinidine, rifampin, th 
vitamin D, 

Drug/Laboratory Test interactions: Phe 
Cause decreased serum levels of protein-b 
(PBI). It may also produce lower than norm 
dexamethasone or metyrapone tests. Phe 
Cause increased serum levels of glucose, all 
phatase, and gamma glutamy! transpeptic 
Carcinogenesis: See “Warnings” section { 
tion on carcinogenesis. 
Pregnancy: See Warnings. 
Nursing Mothers: infant breast-feeding is not recommended for women taking this dr 
phenytoin appears to be secreted in low concentrations in human milk. 
ADVERSE REACTIONS: Central Nervous System: The most common manitestations ¢ 
with phenytoin therapy are referable to this system and are usually dose-related. Th 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion 
insomnia, transient nervousness, motor twitchings, and headaches have also been obse 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dysto 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 
A predominantly sensory peripheral polyneuropathy has been observed in patient 
long-term phenytoin therapy. 
Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver 
integumentary System: Dermatological manifestations sometimes accompanied by 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measies-like) | 
common, other types of dermatitis are seen more rarely. Other more serious forms: 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosu: 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 
Hemopoietic System: Hemopoietic complications, some fatal, have occasionally bee 
in association with administration of phenytoin. These have included thrombocytope 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone m 
pression. While macrocytosis and megalobiastic anemia have occurred, these conditic 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperpl: 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warning 
Connective Tissue System: Coarsening of the facial features, enlargement of the lip 
hyperplasia, hypertrichosis and Peyronie's Disease. 
Cardiovascular: Periarteritis nodosa. 
Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, < 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash) 
lupus erythematosus, immunoglobulin abnormalities. 
OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Othe: 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient ma 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma le, 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, at 
meg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 me 
as high a concentration as 50 meg/mL has been reported without evidence of toxicity 
as 25 times the therapeutic dose has been taken to result in a serum concentration 
meg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully obst 
appropriate supportive measures employed. Hemodialysis can be considered since I 
is not completely bound to plasma proteins. Total exchange transfusion has been us 
treatment of severe intoxication in children. 


In acute overdosage the possibility of other CNS depressants, including alcohol, < 
borne in mind. 


Caution — Federal law prohibits dispensing without prescription. 0. 
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As rare as a seizure on 
D aN tin enn phenytoin sodium capsules, USP) 100 mg 


Once in a blue moon” describes the phenomenon in which 

the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 zm in 
diameter, form in abundance—an exceedingly rare event? 


ra y 


4990 Warner-Lambert Company 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at iin ia Dilantin monotherapy 
is under way: 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without sig 
cognitive impairment at therapeutic 
drug levels (10 to 20 ng/mL), often with 
once-daily therapy (Dilantin? Kapseals”}, 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
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